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SUMMARY

Epithelial tissues are lined with a sheet-like basement membrane (BM) extracellular matrix at their
basal surfaces that plays essential roles in adhesion and signaling. BMs also provide mechanical
support to guide morphogenesis. Despite their importance, we know little about how epithelial
cells secrete and assemble BMs during development. BM proteins are sorted into a basolateral
secretory pathway distinct from other basolateral proteins. Because BM proteins self-assemble
into networks and the BM lines only a small portion of the basolateral domain, we hypothesized
that the site of BM protein secretion might be tightly controlled. Using the Drosophila follicular
epithelium, we show that kinesin-3 and kinesin-1 motors work together to define this secretion
site. Like all epithelia, the follicle cells have polarized microtubules (MT) along their apical-basal
axes. These cells collectively migrate, and they also have polarized MTs along the migratory

axis at their basal surfaces. We find follicle cell MTs form one interconnected network, which
allows kinesins to transport Rab10+ BM secretory vesicles both basally and to the trailing edge
of each cell. This positions them near the basal surface and the basal-most region of the lateral
domain for exocytosis. When kinesin transport is disrupted, the site of BM protein secretion is
expanded, and ectopic BM networks form between cells that impede migration and disrupt tissue
architecture. These results show how epithelial cells can define a subdomain on their basolateral
surface through MT-based transport and highlight the importance of controlling the exocytic site
of network-forming proteins.
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INTRODUCTION

The basement membrane (BM) is a sheet-like extracellular matrix present in most organs
that plays essential roles in tissue development and physiologyl-2. BMs provide attachment
sites for cells, are a reservoir of growth factors, and mechanically shape tissues. The

main structural components of the BM are type IV collagen (Col V), laminin, heparan
sulfate proteoglycans like perlecan, and nidogen/entactin, which complex with many

other proteins3. Defects in BM assembly underlie muscular dystrophy, nephropathy, skin
blistering, vision problems, and stroke*”. Despite the ubiquity of BMs and their clear
importance, we know little about how BM proteins are secreted, and ultimately assembled,
in the correct place within a tissue.

In this study, we investigate how a BM is built at the basal surface of an epithelium.

BM proteins can be secreted from other tissues and/or produced by the epithelial cells;

we focus on epithelial cell-produced BMs. Epithelial cells generate and maintain their
polarized membrane domains in part through sorting newly made proteins into apically- or
basolaterally-directed secretory pathways®. Basolateral proteins are generally thought to be
secreted through an apical region of the lateral membrane where Par-3 localizes the exocyst
vesicle tethering complex®11, or more uniformly along the lateral domain1213, BM proteins
have unique sorting requirements relative to other basolateral proteinsl4-16, suggesting they
travel in a distinct secretory compartment. Since BM proteins form insoluble networks, their
secretion site may also differ by being closer to the basal surface to prevent ectopic network
formation.

One potential mechanism to bias BM protein secretion basally is suggested by the
organization of microtubules (MTs) in epithelial cells. MT minus ends are anchored apically
and plus ends grow toward the basal surface (Figure 1A)17-22 suggesting MTs could serve
as tracks for plus end-directed kinesin motors to transport BM protein-filled secretory
vesicles (BM vesicles) and bias their secretion near the BM. MT motors transport many
apical proteins, but whether they transport basolateral cargos like BM proteins is unknown®.

Much of what is known about the polarized secretion of BM proteins comes from studies
of the follicular epithelium of Drosophila. This somatic epithelium surrounds a cluster of
germ cells to form an ovarian follicle (egg chamber) that will produce one egg (Figure
1A)23, Two small GTPases, Rab10 and Rab8, are required to sort BM proteins into a
basolaterally-directed trafficking route?4-27. This allows follicle cells to build a BM on the
egg chamber’s outer surface that promotes tissue elongation (Figures 1B, 1C and S1A)27-30,
The location where secretion occurs in this epithelium is thought to impact BM structure.
Some BM proteins are secreted laterally where they form fibrils in the intercellular space?’
(Figure 1B). Follicle cells collectively migrate along the BM?2°, which allows these fibrils
to attach to the BM and be drawn out onto the BM as cells migrate away from this anchor
point 27 (Figures 1B, 1C and Video S1). In addition to the polarized MTs running along the
apical-basal axis, MTs are also polarized along the basal surface of the follicle cells where
they play a role in collective migration31:32, The role of MT polarity along either axis in
determining the secretion site of BM proteins is unknown.
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Here we show that kinesin-based transport biases the site of BM protein secretion to a

basal subregion of the basolateral membrane. Our data suggest that the kinesin-3 motor,
Khc-73, and the kinesin-1 motor, Khc, co-transport Rab10+ BM protein-filled vesicles along
MTs running along the apical-basal and migratory axes to their secretion site near the

basal surface. When this transport is reduced, some BM proteins are mis-secreted through
more apical regions of the lateral membrane and form ectopic networks between cells that
disrupt tissue architecture. These results introduce a new transport step in the BM protein
secretion pathway and highlight the importance of controlling the sub-cellular exocytic site
of network-forming proteins.

RESULTS

Khc-73 biases BM protein secretion to basal cellular regions

We hypothesized that BM vesicles are transported toward the basal surface by kinesins
along the polarized MT network. As a first test of this hypothesis, we depleted MTs by
overexpressing the MT-severing protein spastin33, and visualized the BM using a functional,
endogenously GFP-tagged a2 chain of type IV collagen (Col IV-GFP)34. In control cells,
Col IV-GFP localizes to the BM, with only small Col IV-GFP puncta along lateral surfaces
(Figures 1D-F). In cells depleted of MTs, lateral Col 1\VV-GFP increases (Figures 1D-F and
S1B). Therefore, MTs bias Col IV accumulation to basal cellular regions.

We performed an RNAi-based screen of Drosophila kinesins and identified the kinesin-3,
Khc-73, as a candidate transport motor for BM vesicles. We used CRISPR to generate an
allele, Khe-73%3, that has an early stop codon in the motor domain (Figure S1C and STAR
Methods). K#c-73% cells have ectopic Col IV-GFP along lateral surfaces, similar to cells
overexpressing spastin (Figures 1D-F). Placing the K#Ac-73%-3 allele in trans to the Khc-73149
allele3® also causes ectopic lateral Col IV-GFP (Figures S1D and S1E), confirming that
mutation of Khc-73 causes this defect. Khc-73 loss similarly affects two other BM proteins,
laminin and perlecan (Figure 1G). We know ectopic Col IV-GFP is extracellular because it is
accessible to anti-GFP nanobodies in non-permeabilized tissue (Figure S1F). Therefore, BM
proteins are secreted from K#ie-73%-3 cells, but accumulate in the wrong location.

The ectopic lateral BM protein accumulation in K#1c-73%- epithelia differs from the mis-
sorting of BM proteins into an apical secretory pathway caused by loss of previously
identified regulators of BM protein secretion?4-27:36, For example, loss of Rab10 causes an
apical web-like network of Col IV-GFP, with minor Col IV-GFP along lateral surfaces
(Figure 1D)25. In contrast, most ectopic Col IV-GFP in Khc-73%3 cells is below the
zonulae adherentes (ZAs), which demarcate lateral and apical domains (Figures 2A and
2B); there are not occluding junctions present while the BM is being made37-39. During
the developmental stages when Col IV synthesis is high, ectopic extracellular Col I\V-GFP
accumulates all along the lateral domain in K#c-73%- cells (Figures 2C-E). As Col IV
secretion ends, the ectopic Col 1V becomes biased to an apical (upper) region of the
lateral domain (Figure 2A), likely due to movement of fibrils onto the BM that clears the
basal (lower) regions of the lateral domain (Figure 2F). The lateral ectopic Col I\V-GFP

in Khe-73%-3tissue suggests BM proteins are sorted into a basolateral pathway, but their
secretion site expands to upper regions of the lateral membrane (Figure 2F).
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Our investigation of Khc-73 was motivated by the hypothesis that it transports vesicular
cargo, like many kinesin-3 family members#C. However, kinesins play other roles in
epithelial cells*1. Apical-basal cortical polarity, polarized localization of transmembrane
proteins, localization of Col IV-encoding mRNAs, and MT organization are all normal in
Khe-73%3 cells (Figures 1D, S2A-D and S3A-G). These data suggest that epithelial cell
organization remains intact in Khc-73’s absence, supporting the idea that Khc-73 affects BM
protein secretion through vesicular transport.

Altogether, these data suggest Khc-73 biases BM protein secretion basally to ensure the BM
forms in the correct location.

Khc-73 transports Rab10+ BM protein secretory compartments to basal regions

To determine how Khc-73 biases the site of BM protein secretion, we examined the
secretory pathway. Normally, we only detect intracellular Col I\V-GFP in the endoplasmic
reticulum (ER), preventing us from following Col IV-GFP in secretory vesicles (Figure
S4A). Rabs define different membrane compartments by recruiting effectors that carry out
the sorting, transport and fusion steps of membrane trafficking#2. As an alternate marker of
BM vesicles, we used Rab10, which is required for polarized BM secretion?®, and known to
direct secretory transport in other systems*3-46, YFP-Rab10 localizes near the Golgi, which
in Drosophilais distributed among all ER exit sites (ERES), and is where BM vesicles
likely form (Figures 3A and 3B)25. YFP-Rab10 also labels punctate/tubular compartments
along the basal surface that preferentially accumulate at the trailing edge of each migrating
cell (Figure 3A)25. As these compartments are away from the Golgi, they likely represent
secretory intermediates. Rab10 also interacts with kinesin motors, including the human
homolog of Khc-734748, Khc-73-GFP is enriched with Rab10 at basal trailing edges (Figure
3C), suggesting Khc-73 may transport Rab10+ secretory compartments from the Golgi to
this location.

To ask how kinesin transport mediates Rab10’s localization, we examined the organization
of MTs. In 3D image volumes taken near the basal surface, the apical-basal MTs (Figure
3D) and the basal MTs (Figure 3E) appear connected (Figure 3E). Bundled MTs lying along
the basal surface bend at leading edges and integrate with the apical-basal MTs (Figures
3E, 3F, and Video S2). We cannot resolve individual MTs to know if these bundles contain
individual bent MTs or if there are two independent MT networks that intersect at the

front of the cell (Figure 3F). However, proteins commonly found at MT organizing centers
(MTOCs) such as the minus end-binding protein Patronin and a component of the y-tubulin
ring complex, -y-Tubulin at 23C (yTub23C), are predominantly enriched near the apical
surface, as was shown previously for Patronin?1:22 (Figures S4B-G). These results are most
consistent with follicle cells having only one dominant apical MTOC, but since there is
diffuse Patronin and -y Tub23C filling cells, there may also be MT minus ends distributed
more sparsely throughout cells.

Based on the polarity of MTs along the apical-basal and migration axes?1:22:3149 (Figures
S4H and S4l), this 3D MT organization could allow plus end-directed kinesin transport to
concentrate Rab10+ compartments at basal trailing edges (Figure 3F). Indeed, YFP-Rab10+
puncta move rapidly along the basal MTs (Figure 3G and Video S3). Motile puncta enter

Curr Biol. Author manuscript; available in PMC 2023 February 28.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Zajac and Horne-Badovinac Page 5

the basal focal plane at leading edges where MT bundles also come into view (Figure

3G’ and Video S3), suggesting that transport from more apical regions to the basal surface
occurs along these bent MTs, although we cannot resolve if this occurs in one smooth

step. YFP-Rab10+ puncta move toward the trailing edge of cells ~2-fold more often than
towards the leading edge (202/297 trajectories in 5 egg chambers), consistent with transport
contributing to the trailing edge enrichment. EB1-GFP-positive comet growth is only ~84%
biased towards the trailing edge (Figure S41 and Video S5), consistent with previous work32.,
Therefore, the bidirectional movement of Rab10+ puncta may be due to kinesin-driven
movement on the mixed polarity MTs and/or contributions from a minus end-directed motor
like dynein. In conclusion, the bias in Rab10+ puncta movement is consistent with a role for
MT motor transport of Rab10+ secretory vesicles to basal trailing cell edges.

We next asked if Khc-73 transports Rab10+ compartments basally. Loss of Khec-73 reduces
YFP-Rab10 levels at basal trailing cell edges but does not increase its levels at the Golgi,
suggesting BM vesicles are not trapped there (Figures 4A and 4B). This result supports
our finding that Khc-73 is not needed for BM protein secretion to occur, just to specify its
location (Figures 2C-F). Conversely, overexpressing Khc-73 increases YFP-Rab10 basally,
where it forms large, aberrant foci (Figures 4C and 4D). We do not normally see Col
IV-GFP colocalized with Rab10. However, Col IV-GFP is concentrated within the aberrant
foci (Figures 4C and 4D), which suggests they are clusters of trapped BM vesicles.
Supporting this idea, the foci lack markers of the ER and Golgi (Figures S5A and S5B),
and YFP-Rab10+ tubulovesicular structures move rapidly into and out of them (Video S4).
These data show Khc-73 is necessary for Rab10+ compartment localization to the basal
surface, and sufficient to alter the localization of Rab10+ and Col IV+ compartments when
over-expressed.

Our observations that Rab10+ puncta move preferentially toward cellular regions enriched in
growing MT plus-ends, and that changes in Khc-73 expression affect the localization of both
Rab10+ and Col IV+ compartments, strongly suggest that Khc-73 transports BM vesicles
basally (Figure 4E).

Kinesin-1 works with Khc-73 to direct BM protein secretion basally

Khc-73 is the only motor whose individual knock-down perturbed Col 1V secretion in

our RNAI screen. However, the few YFP-Rab10+ puncta that reach the basal surface in
Khe-73%-3 tissue move at normal speeds (control: 0.72 + 0.21 and Khc-735%:0.71 + 0.31
um/s), although with less trailing edge bias (Figures 4F-H and Video S5). Multiple kinesins
often contribute to cargo transport®0. Since kinesin-1 transports Rab10 in other contexts*3,
we investigated if kinesin-1 works with Khc-73 to transport Rab10+ BM vesicles.

Co-depletion of Khe-73 and kinesin-1’s heavy chain, Khe, using RNAI caused higher
accumulation of Col I\V-GFP along lateral membranes than K#c-737NA/ alone (Figures 5A-
C). We confirmed that loss of Khc alone does not cause lateral Col IV-GFP accumulation
using a null allele, KAc?7 (Figures S5C and S5D)®L. Co-depletion of Khe-73 and kinesin
light chain (Klc), which often acts as a cargo adaptor for Khc52, similarly enhanced

lateral Col IV-GFP accumulation (Figures 5A-C). Interestingly, if we further deplete kinesin
activity by combining K#c-73%-3 with Khc®NA the ectopic Col IV-GFP shifts to the apical
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surface (Figures 5A-C). These dual kinesin depletions show that kinesin-1 works with
Khc-73 to promote basally polarized BM protein secretion. Further these results reveal that
BM proteins can accumulate apically when both kinesins are strongly depleted, suggesting
that more severe loss of plus end-directed transport may redirect secretion apically, perhaps
through dynein, or that kinesins also play an earlier role in basolateral sorting of BM
proteins.

We next asked if Khc affects BM protein secretion by the same mechanism as Khc-73,
transporting Rab10+ compartments toward the basal surface. First, cell organization is
unaffected in Khc?NAT & Khe-73%-3 cells, as the polarized localization of cortical and
transmembrane proteins, Col IV-encoding mRNAs, and MTs all remain normal (Figures
5A and S6A-H). However, depletion of Khc in Khc-73%-tissue shifts YFP-Rab10 from
the basal surface to the apical surface relative to K#c-73%5 only tissue (Figures 5D-F).
Therefore, we favor the model that Khc works with Khc-73 to transport Rab10+ BM
vesicles to the basal surface (Figure 5G).

Multiple kinesins often work together, taking advantage of differences in their
mechanochemical properties and preferences for MT modifications to cooperatively
transport cargo to the correct location®3. To ask if Khc and Khc-73 make unique
contributions to Rab10 transport, we compared how Rab10 localization changes when it
is transported by only one of the two kinesins (Figure S7A). YFP-Rab10 is reduced at basal
trailing edges in Khc-73%-3 cells, where Khc is likely to be the dominant plus end-directed
motor (Figures 4A, 4B and S7A). Surprisingly, this population of YFP-Rab10+ is instead
increased in Khc?7 cells, where Khe-73 is likely to dominate (Figures 6A, 6B and S7A).
These experiments used one copy of endogenously labeled YFP-Rab10 to ensure high
Rab10 levels did not affect the results. Although Khc can rearrange MTs by binding a
second MT with its tail domain and sliding MTs relative to each other®*, MTs remain
aligned in Khc?” cells (Figures S7B-D). Additionally, a mutation that selectively impairs
Khc’s ability to slide MTs®® does not affect YFP-Rab10 (Figures 6A and 6B), indicating
Khc’s cargo transport activity plays the key role in Rab10 localization.

We hypothesized that increased Khc-73 activity compensates for loss of Khc and causes
changes to Rab10+ compartment localization. Supporting this idea, Khc-73-GFP is
increased at the basal trailing edges of KAc?” cells (Figures 6C and 6D). Additionally,
Khc-73 overexpression causes accumulation of YFP-Rab10 in large foci at basal trailing
edges that resemble those in Khc?” cells (Figures 4C, 4D and S7A). These data imply
that increased Khc-73 activity compensates for loss of Khc. However, increased reliance
on Khc-73 causes additional Rab10+ compartment localization to basal trailing cell edges
(Figures S7A), suggesting Khc is needed to achieve the normal distribution of Rab10+
compartments.

Overall, our data suggest Khc works with Khc-73 to prevent apical secretion and transport
Rab10+ BM vesicles to basal trailing cell edges to bias the site of BM protein secretion
(Figure S7E).
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Intercellular BM protein networks disrupt tissue architecture

Finally, we investigated how changing the secretion site of BM proteins impacts the
structure of the BM and the cells migrating along it. Col I\V-GFP levels are normal within
the BM in all genotypes where kinesins are reduced, except the condition that causes apical
accumulation, KhcRNAI & Khe-73%-3 (Figures 7A and B). However, the structure of the
BM changes, with increased Col IV-GFP incorporated into fibrils in K#c-73°-3 BMs and
KhcR*NAL & Khe-737NAI BMs (Figures 7A and 7D). Therefore, although Col 1V is initially
mis-secreted all along the lateral membrane, much of this protein eventually moves onto
the BM as fibrils (Figure 2F). We previously proposed that the relative proportion of BM
proteins secreted to lateral versus basal membranes determined the size of BM fibrils?’.
Decreased kinesin transport seems to shift this balance.

The kinesin mutant conditions also have persistent lateral accumulations of Col 1V. To
understand how this Col IV is organized relative to cells, we made 3D projections of the
non-BM Col IV-GFP. In the apical secretion condition, KAc®VA & Khe-73%-3, Col IV-GFP
lies above the apical surface (Figure 7C). In conditions that cause lateral secretion, Col
IV-GFP forms an intercellular network that spans multiple cells (Figure 7C) and can connect
to the underlying BM. As follicle cells are collectively migrating along the BM, these
connections seem to impede cell movement. This is best illustrated in the milder condition,
Khe-73%-3 where only a few, isolated Col I\V-GFP cables run between cells and anchor to
the BM at one end (Figure 7E, white arrows, and Video S6). The hexagonal packing of
follicle cells is disrupted near these cables and several nuclei are highly deformed (Figure
7E, green arrows and inset). Some cells are likely forced to squeeze through the intercellular
network of Col IV-GFP cables during migration, causing this nuclear deformation. This
drastic effect on cells from only the relatively small fraction of Col IV within these

cables highlights the importance of tightly controlling the secretion site of network-forming
proteins.

DISCUSSION

This work provides the first mechanistic insight into how the secretion site of BM proteins is
controlled in an epithelium. We identified a kinesin-3 motor, Khc-73, and a kinesin-1 motor,
Khc, required for this process. When these motors are depleted, BM proteins form ectopic
networks away from the basal surface that disrupt tissue architecture. Reducing kinesin
levels also alters the localization and movement of Rab10+ BM protein-filled secretory
compartments. We propose that these kinesins transport BM vesicles basally to bias the site
of BM protein secretion and facilitate formation of a single BM sheet at the basal surface
(Figure S7E).

Polarized secretory pathways in epithelial cells are typically grouped into two destinations,
apical and basolateral®. Here we find that kinesin transport along MTs imparts additional
spatial regulation by targeting BM protein secretion to a basal subregion of the basolateral
domain in follicle cells. We further find that the apical-basal MT network is connected

to another polarized MT network that runs along the basal surface. MTOC-associated
proteins are predominately apical, suggesting the basal MTs may simply be a reorganization
of the apical-basal network where it contacts the basal surface; however, future work is
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required to fully define 3D MT organization. The connection between the two MT networks
likely explains why Rab10+ compartments transported by kinesins are enriched not only
basally, but also at the trailing edges of migrating follicle cells. Here, BM secretory vesicles
are positioned to fuse with the lower lateral membrane, which would restrict BM fibril
formation near the basal surface for easy transfer to the BM during migration (Figure S7E).
Network-forming proteins like BM proteins may be especially reliant on spatial control of
secretion to ensure they assemble in the correction location. However, other cargoes are
also targeted to a basal region of the basolateral domain, as well as other defined sites like
junctions and primary cilial®56-58 which may indicate a broader role for MT transport and
spatial control of secretion in epithelial cells.

Multiple kinesin motors often work together during vesicular transport, although their
specific contributions, especially on native cargo®9-61, are only beginning to be dissected.
Khc-73 localizes to Rab10+ structures and its loss alone causes BM defects, suggesting it
plays the major role in BM vesicle transport. However, additional loss of Khc enhances the
severity of both the BM secretion and Rab10 localization defects, suggesting both motors
contribute to BM secretion. We favor the model that both kinesins associate with Rab10+
structures and take advantage of their different motor properties and preferences for MT
modifications to cooperatively transport BM vesicles to the correct secretion site. Consistent
with this model, human homologs of Khc-73 and Khc also work together during secretory
transport in HeLa cells®®. Loss of Khc alone has the opposite effect on Rab10 localization
as loss of Khc-73. However, since Khc-73 overexpression disrupts Rab10 localization in a
similar way, Khc-73 likely compensates for Khc loss and creates this increase. Kinesin-3
family motors like Khc-73 have high processivity and the ability to quickly rebind MTs,
features that optimize them for long distance transport#0:62.63, This may allow Khc-73 to
bring more Rab10+ BM vesicles to the terminal plus ends of MTs when it acts in the
absence of Khc. Alternatively, Khc-73 may have additional functions, such as the ability to
tether vesicles at basal trailing edges, that differentiate it from Khc.

Kinesin-based transport likely integrates with other mechanisms to ensure BM proteins
assemble into a single sheet. Integrins and Dystroglycan may influence where BM networks
assemble and could aid in post-secretion movements of BM proteins like those required for
BM fibril formationl:64, We previously showed that Col 1V-encoding mRNAs are enriched
basally in follicle cells and proposed that local Col IV protein synthesis promotes polarized
BM protein secretion®. Thus, kinesin-based transport of Rab10+ secretory vesicles may
ensure that the subset of BM proteins that are synthesized away from the basal surface reach
the correct secretion site, and thereby maintain or refine the polarity established by basal
Col 1V synthesis. Kinesin-based transport of BM proteins may be particularly important in
mammalian cells, where a single, apically localized Golgi apparatus creates an even bigger
spatial problem for BM protein secretion.

Finally, this work demonstrates that tightly controlling the sub-cellular site of BM protein
secretion is critical for BM formation and tissue architecture. We previously showed that
targeting BM protein secretion to lateral surfaces alters the architecture of the follicular
BM in a way that is beneficial for the tissue - it allows the formation of the BM fibrils
necessary for normal egg chamber elongation?”. It is now clear, however, that BM protein
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secretion cannot occur anywhere along the lateral membrane, as secretion to the upper
region of this domain causes BM protein networks to form between cells. Moreover, when
these ectopic networks attach to the BM, they act as anchors that locally impede collective
migration, distorting cell shapes to such an extent that even nuclei are deformed. We imagine
that the formation of ectopic BM networks between cells would be detrimental to any
epithelium undergoing cellular rearrangements, either during development or homeostatic
tissue turnoverl:65, We propose that kinesin-based transport of BM proteins toward the

basal surface may provide a general mechanism to ensure that BM assembly and cellular
rearrangements can coincide within a tissue.

STAR METHODS
RESOURCE AVAILABILTY

Lead Contact—Further information and requests for resources and reagents should
be directed to and will be fulfilled by the Lead Contact, Sally Horne-Badovinac
(shorne@uchicago.edu).

Materials Availability—New Drosophila lines and plasmids generated in this study are
available by request to the Lead Contact above.

Data and Code Availability
. All data reported in this paper will be shared by the Lead Contact upon request.

. This study did not generate new code.

. Any further information needed to reanalyze the data reported in this paper is
available from the Lead Contact upon request.

EXPERIMENTAL MODEL AND SUBJECT DETAILS

Drosophila care—Drosophila melanogaster were reared on cornmeal molasses agar food
at 25°C using standard techniques. The genotypes used in each experiment are listed in
Methods S1, indexed by figure panel. Females were aged on yeast with males prior to
dissection; temperatures and yeasting conditions used for each experiment are in Methods
S1, indexed by figure panel.

METHOD DETAILS

Generation of Khc-733-3 allele—Clustered regularly interspaced short palindromic
repeats (CRISPR) genome editing was used to induce a lesion near the amino-

terminus of Khc-73 within the motor domain. Two guide RNAs were selected

using Drosophila RNAI Screening Center’s “Find CRISPRs” on-line tool, one within
exon 3 (5" ATATGCACGCATTATAGCCCTGG 3’) and one within exon 4 (5’
CTTGTACATAAGCTCGGGTGTGG 3’). The PAM motifs are in bold. The underlined
sequences were cloned into pU6-Bbsl-chiRNA following the methods in66:67 and the
website flycrispr.org. GenetiVision injected chiRNA plasmids into embryos expressing
nanos-Cas9 from the x chromosome. Individual lines were established and screened by
PCR and sequencing. The K#c-73% allele has a lesion near only the guide site in
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exon3 that results in a change to 5 amino acids followed by an early stop codon.

Amino acids 92-97 within exon 3 in wild-type Khc-73 are YNACIF, with a nucleotide
sequence of 5-TATAATGCGTGCATATTC-3'. In Khc-73% the nucleotide sequence is 5'-
TTACGGCCAGACAGGTGA-3' and results in an early stop codon(*) LRPDR*. We focus
on developmental stages 7 and 8 in this mutant because there are not obvious defects in BM
protein secretion earlier in development with loss of only Khc-73. BM protein secretion is
highest at stage 7, which could make it easier to detect secretion defects, but we cannot rule
out developmental changes in secretion regulation.

Egg chamber dissections—Ovaries were removed from yeasted females using 1 set of
Dumont #55 forceps and 1 set of Dumont #5 forceps in live cell imaging media in a spot
plate (Schneider’s Drosophila medium containing 1X Penicillin-Streptomycin, 15% fetal
bovine serum, and 200 pg/ml insulin). Ovariole strands were mechanically removed from
muscle with forceps. Egg chambers older than stage 9 were cut away from the ovariole
strand in the stalk region using a 27-gauge needle. For additional methods and videos of
dissection, seeb8,

Live imaging sample preparation—For live imaging, dissected ovarioles were quickly
moved to a fresh well of live imaging media in a spot plate. In some live experiments, noted
in the appropriate sections, CellMask Orange or Deep Red plasma membrane stain was used
to visualize cell edges and aid in imaging setup. Either version of CellMask was added at
1:2000 to ovarioles in live imaging media for 10 min. The ovarioles were then washed 2x in
fresh live imaging media to remove excess stain. To make a live imaging slide, 1-5 ovarioles
were transferred to a glass slide in 10 pl of live imaging media. Glass beads (between 10
and 50) with a mean diameter of 51 pm were added for use as spacers, and arranged around
the egg chambers using an eyelash tool. A 10 pl drop of fresh live imaging media was
added to a #1.5 22x22 mm square cover glass to prevent bubbles, and slowly lowered onto
the egg chambers. The slide was sealed with melted petroleum jelly before imaging. New
dissections were done ~every hour to avoid artifacts arising from extended ex vivo culture.

Extracellular stain of Col IV-GFP—Egg chambers were fixed for 6 min at RT in 4%
EM grade formaldehyde in phosphate buffered saline (PBS), washed 3x5 min in PBS at

RT, and stained with 1:2000 anti-GFP nanobody conjugated to Alexa Fluor® 647 (GFP-
Booster) and 4’,6-diamidino-2-phenylindole (DAPI) for 15 min at RT with rocking without
permeabilization to allow the nanobody access to only the extracellular pool of Col IV-GFP.
Samples were washed 3x5 min with PBS.Immunostaining Egg chambers were fixed in 4%
EM-grade formaldehyde in PBS with 0.1% Triton X-100 (PBST) for permeabilization for
15 min at RT, and then washed 3x10 min in PBST. For microtubule (MT) staining, 8%
formaldehyde in PBST was used to better preserve MTs®9. Egg chambers were incubated
with primary antibodies diluted in PBST overnight at 4°C with rocking. Primary antibody
dilutions: aPKC (1:100), Dlg (1:10), Tangol (1:1000), GM130 (1:500), acetylated a.-tubulin
(1:100), Armadillo (1:100), Notch (1:100), HA (1: 500). Egg chambers were washed from
primary antibody 3x10 min in PBST with rocking at RT. Secondary antibodies were diluted
1:500 in PBST and incubated with egg chambers for 3 hrs at RT with rocking, followed by
washing 3x10 min in PBST.
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smiFISH—Single molecule inexpensive fluorescent /in situ hybridization (smiFISH) was
based on’0 and protocols provided by Matt Ronshaugen’s lab. In this technique, DNA
probes specific to the mRNA of interest are fused to a “flap” sequence that will anneal to a
complementary, fluorescently-labeled “flap” sequence to allow visualization of the mRNA.

Probe Design and Annealing: DNA probes specific to co/f47a mRNA (based on

cDNA clone RE33133) were designed using LGC Biosearch Technologies’ Stellaris®
RNA FISH Probe Designer with the following settings: probe length 20 bases,

masking level 5, minimal spacing 2 bases. 48 probes were ordered for co/4al. Each

probe contained 20 nucleotides complementary to the mRNA for co/4a1 with Flap-X
(5’CCTCCTAAGTTTCGAGCTGGACTCAGTG 3’) appended to the 3’ end. Probes were
ordered from Integrated DNA Technologies (IDT) as 100 uM stocks in Tris-EDTA, pH
8.0 (TE) in a 96-well plate. Probes were mixed at equal molar ratios to make a stock of
unlabeled probes and stored at —20°C. Working stocks were diluted 5-fold in TE buffer
before use. Fluorescently labeled Flap-X binding probes were ordered from IDT as DNA
oligos with 5” and 3’ Cy5 modifications and resuspended in TE at 100 uM. All probe
sequences are listed in Methods S1. Probes for co/4a1 and fluorescent probes were annealed
immediately before use by mixing: 2 ul of co/4ai probe set, 0.5 ul of 100 uM Cy5-FlapX,
1 pl of New England Biolabs® Buffer 3, and 6.5 pl water. A PCR machine was used to
incubate mixtures at 85°C for 3 min, 65°C for 3 min, and 25°C for 5 min.

Hybridization: Egg chambers were fixed in 4% EM-grade formaldehyde in PBST for 15
min at RT and washed 3x5 min in PBST. Egg chambers were exchanged into a 1:1 mixture
of PBST and smiFISH wash buffer [5 ml 20X SSC (0.3M sodium citrate, 3M NaCl, pH7.0),
5 ml deionized formamide, 40 ml nuclease-free water] and incubated at RT for 10 min. Egg
chambers were washed 2x in smiFISH wash buffer, followed by a final incubation of 30 min
at 37°C. smiFISH hybridization buffer (1 g dextran sulfate, 1 ml 20x SSC, 1 ml deinionzed
formamide, 7.5 ml nuclease-free water) was warmed to 37°C. Egg chambers were incubated
with a mixture of 10 ul of annealed probes in 500 pl of smiFISH hybridization buffer

at 37°C for 16 hrs protected from light. To wash, 500 pl of smiFISH wash buffer was

added to dilute hybridization buffer and the egg chambers were spun briefly in a table-top
micro-centrifuge to pellet them. Egg chambers were washed 3x10 min at 37°C in 500 pl of
smiFISH wash buffer. This was followed by incubating at RT in a 1:1 dilution of smiFISH
wash buffer with PBST, followed by one 10 min incubation in PBST containing DAPI and
Alexa Fluor™ 488 Phalloidin, followed by 2x10 min washes with PBST at RT.

Mounting fixed samples—For all types of fixed samples, the majority of buffer

was removed from samples and they were mounted in ~35 pl SlowFade™ antifade or
VECTASHIELD® on a slide with a #1.5 22x50 mm coverslip, sealed with nail polish, and
stored at 4°C prior to imaging.

Microscopy

Fixed and live laser scanning confocal imaging: Imaging was performed on a Zeiss LSM
800 laser scanning confocal microscope run by Zen Blue with a 63x Plan A apochromat
1.4ANA oil objective. Live imaging was performed at RT. Used in Figures 1D, 1F, 1G,
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S1A-B, S1D-F, 2A-C, 2E S2A-B, S2D, 3A-B, S3A-B, S3F-G, S4A-G, 4A-D, 5A, 5C, 5D,
5F S5A-D, S6A-B, S6D, 6A-D, 7A-E, Video S1, and Video S6.

Airyscan fixed imaging: Imaging was performed on a Zeiss LSM 880 laser scanning
confocal microscope with Airyscan and a 63x Plan A apochromat 1.4NA oil objective, run
by Zen Black. Used in Figures 3D, 3E, S4H, S6E, Video S2, and Video S5.

Live spinning disk confocal and partial TIRF imaging: Imaging was performed on a
Nikon Ti-E inverted microscope equipped with solid-state 50 mW 481 and 561 nm Sapphire
lasers (Coherent), a Yokogawa CSU-X1 spinning-disk scan head, and an Andor iXon3

897 electron-multiplying charged-coupled device (EM-CCD) cameras run by MetaMorph
software. When using the TIRF microscope, we adjusted the laser below the critical angle to
illuminate a thicker region of the sample (partial TIRF). Live imaging was performed at RT.
Spinning disk used in Figure 3G, 3G’, and Video S3. Partial TIRF used in Figures 3C, 4F-H,
S3C-E, S4l, S5C, S6F-H, S7B-D, Video S4, and Video S5.

Quantification of lateral BM proteins—Single confocal images were taken in a plane
through the lateral domains, near the apical surfaces of follicle cells from late stage 8

egg chambers when new Col IV-GFP synthesis is low and ectopic lateral Col IV-GFP in
mutant egg chambers is easily visible. The average intensity of Col 1\V-GFP associated
with lateral domains was measured by segmenting the lateral domains based on anti-Dlg
staining. In Fiji, Dlg images were processed as follows: background was subtracted with
Rolling Ball Background Subtraction with a radius of 10 pixels, Threshold was used to
create a binary mask, Despeckle was used to remove noise, Dilate was used to fill in gaps
in the lateral edges, Skeletonize was used to reduce the mask to a one pixel outline, and
finally Dilate was used to reach a uniform line thickness of 0.7 um. This binary mask was
used to measure the mean intensity of Col IV-GFP within only the lateral regions. In some
images, the Dlg staining quality was too noisy for automatic segmentation, and the cell
edges were manually traced in Fiji and converted to the same thickness as the automatic
segmentation. For LanA-GFP and Perlecan-GFP, samples were counterstained with Alexa
Fluor™ 647 Phalloidin, not anti-Dlg. F-actin highlights the cell edges, which were manually
traced in Fiji and then converted to the same line thickness as the automatic segmentation.
The data were normalized to the mean of the control egg chambers for easy comparison
as fold-change relative to control. The control and K#hc-73%-5 egg chamber data is used

in both Figure 1 and again in Figure 5 for comparison to K#c-73%-3 & Khc*NA/since all
experimental conditions were the same.

Quantification of extracellular lateral Col IV-GFP—Extracellular Col IV staining

is necessary during stages when new Col IV protein synthesis is high (stage 7 in these
experiments) and Col IV-GFP foci are scattered throughout the cytoplasm, obscuring the
secreted, lateral Col 1\V-GFP population. Three planes were chosen from a confocal z-stack
of mosaic Khc-73%3tissue for analysis: a plane “near basal”, or about 1 um above the

BM, a plane through the middle of the cell (*mid-cell”), and a plane just below the apical
surface of cells (“near-apical”). The lateral cell edges were manually traced in Fiji with a
line thickness of 1.12 pm at each z-plane. The mean intensity of the anti-GFP nanobody
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staining (extracellular Col IV-GFP, see Figure S1F) was measured in the segmented lateral
regions for both the control and K#c-73%-3 cell regions. Additional background subtraction
was required to quantify lateral extracellular Col 1V-GFP because the “near basal” plane is
near the BM, which creates high background fluorescence. Therefore, the mean intensity
was also measured in the inverse regions, within the cell centers where there should not

be any extracellular staining; the mean intensity in these cell center regions was used for
background subtraction in each plane. The background-corrected mean lateral intensity is
calculated: mean intensity lateral regions — mean intensity central regions. To allow the data
to be read as fold change between control and K#c-73%-3 cells in one egg chamber, and be
compared across z-planes, all data was divided by the mean of the control cells in the “near
basal” images for each egg chamber.

Quantification of apical BM proteins—In images of cross-sections through egg
chambers expressing Col IV-GFP and stained for aPKC to mark the apical domain, lines

of 0.74 pm thickness were manually drawn along the apical surface by tracing the anti-aPKC
signal, and the mean Col IV intensity within this line was measured. Since lateral Col IV
accumulates just under the ZA in Khc-73 mutant tissue (Figures 2A and 2B), which is very
close to the apical surface, drawing this line does also include some of this lateral signal.
However, this measurement captures the dramatic increase in apical Col IV in conditions
such as Rab10"NAi or KhcRNAT & Khe-735-3 (Figures 5A-C). Data were normalized to the
mean of the control data.

Line-scans of p-catenin and Col IV-GFP—Confocal cross-sectional images were
taken through control and K#c-73%- egg chambers expressing Col I\V-GFP and stained

for B-catenin. In Fiji, lines of 0.58 um thickness were manually drawn along cell-cell
junctions starting above the apical surface and extending along the lateral domain. The
average intensities of Col IV-GFP and B-catenin were measured along the line-scan using
Plot Profile in Fiji and exported to Microsoft Excel. The maximum intensity of B-catenin
was used to determine the location of the zonulae adherentes and used as a comparison point
to align all the traces; ZA were set to a distance of zero. All individual traces for Col IV-GFP
intensity were plotted to show the range of accumulation patterns. B-catenin is drawn as a
line at zero as it is used only as a spatial reference point for the ZA.

Colocalization of Col IV-GFP and the ER—Egg chambers expressing UAS-RFP-
KDEL as a luminal marker of the ER and Col IV-GFP were dissected and stained with
CellMask Deep Red as described. Egg chambers were imaged live to better preserve ER
structure. For the images shown, three consecutive frames from a time-lapse taken 1 sec
apart were averaged to decrease noise.

Quantification of YFP-Rab10

At basal trailing cell edges: Images were taken along the basal surface of cells in mosaic
tissues. YFP-Rab10 is present as a diffuse cytoplasmic signal as well as a more intense
signal on puncta and tubules at basal trailing cell edges, likely representing the vesicular
structures of interest. To focus our measurements on the YFP-Rab10 associated with these
putative vesicular structures, we quantified YFP-Rab10 intensity changes in only basal
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trailing cell edges so that the mean YFP-Rab10 measurements would not be dominated by
the cytoplasmic signal that covers a much larger area of cells. In Fiji, a line with a thickness
of 1.2 ym was manually drawn along the back of each cell and the mean YFP-Rab10
intensity was measured in each cell. To normalize the YFP-Rab10 intensities across egg
chambers, the entire control cell area was manually segmented in Fiji and the mean YFP-
Rab10 intensity measured. All individual cell values were divided by this value. In addition
to individual cell measurements, we also calculated the mean of all cells per genotype for
each egg chamber. Statistical tests were performed using these mean egg chamber values,
but all individual cells are also plotted to show the variability in the underlying data’?.

Near the ERES: YFP-Rab10 is localized near ERES/Golgi regions throughout the volume
of the cells. Near the basal surface, the tubules at the backs of cells are brighter than the
signal by the Golgi, and their close, and sometimes overlapping, signals makes it difficult to
measure the levels of YFP-Rab10 near ERES/Golgi. In the middle of the cells, the majority
of the YFP-Rab10 is concentrated near the ERES/Golgi so we chose this plane to allow
easier segmentation. Tangol staining at the ERES was used to segment these regions with
the following steps: Rolling Ball Background Subtraction with radius 10 pixels was used,
Threshold was used to create a binary mask of the ERES, and noise was removed by running
Despeckle 2x in Fiji. The ERES was expanded using Dilate 2x so it would encompass

the region adjacent to the ERES where Rab10 is normally found. The mean intensity of
YFP-Rab10 within these ERES masks was measured in both the control cells and Khc-73%-3
cells in each mosaic egg chamber, resulting in a single mean value per genotype per egg
chamber. Since the same mosaic egg chambers were also used to measure the basal trailing
edge YFP-Rab10 intensity, just at different z-planes, these ERES means were normalized
using the same value used to normalize YFP-Rab10 at the basal trailing edge between egg
chambers.

Quantification of the effect of HA-Khc-73 OE—We used the traffic jam-Gal4 (/-
Gal4) driver to express UAS-HA-Khc7372. The #j-Gal4 driver usually expresses UAS
transgenes in all follicle cells, but some UAS transgenes in our experience express in

only a subset of cells, which we refer to as “patchy” expression in the text. We do not

know why UAS-HA-Khc-73 in particular expresses in this patchy way. This phenomenon
has also been described as variegation in expression in follicle cells, thought to stem from
epigenetic changes’3-7®. Since we can stain for the HA epitope tag, we were able to select
non-expressing, “control” cells and HA-Khc-73 expressing cells. Images were taken near
the basal surface of tissues patchily overexpressing HA-Khc-73, which clusters at the basal
trailing edges of cells. To determine if HA-Khc-73 recruited other proteins to these clusters,
we measured intensities in 1.2 pm lines drawn along the basal trailing edges of cells,
similar to the procedure used to measure basal trailing edge YFP-Rab10 intensity. We
chose to measure along the trailing edges instead of segmenting the HA+ regions because
this more general location could be selected in the non-expressing cells as a control for
baseline localization of candidate proteins to the trailing edge of cells. Cells that were
negative for HA-Khc-73 staining (“control™) or positive for HA-Khc-73 were selected from
within the same egg chamber. The mean intensity of the relevant endogenously-tagged,
fluorescently-labeled protein (YFP-Rab10, Col IV-GFP, PDI-GFP (ER), or anti-GM130 (cis
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Golgi) staining) was measured for each cell. For each egg chamber, all individual cell
measurements were normalized by dividing by the mean value for control cells within that
egg chamber. In addition to individual cell measurements, we also calculated the mean of
all cells per group (“control” or “HA-Khc-73") for each egg chamber. Statistical tests were
performed using these mean group values, but all individual cells are also plotted to show
the variability in the underlying data’l.

Live imaging YFP-Rab10 in HA-Khc-73 OE cells—We used the traffic jam-Gal4 (/-
Gal4) driver to express UAS-HA-Khc73 and UAS-YFP-Rab10. Images were collected using
partial TIRF in a continuous 200 ms stream to follow the rapid movements of YFP-Rab10.

Live imaging and tracking of YFP-Rab10

Selection of egg chambers: In some experiments, CellMask Orange plasma membrane
stain was used to visualize cell edges. To ensure egg chambers were not damaged during
dissection or sample preparation, we first determined if they were migrating at a normal rate.
A 5-30 min time-lapse using 300 ms exposures taken every 15 sec was taken for each egg
chamber to ensure it was migrating at a normal speed (a cutoff of > 0.4 um/min was set for
the stage 7 egg chambers used). Sets of control and K#c-73%-3 egg chambers were always
imaged in the same session to prevent biases from day-to-day variability in live imaging
conditions. Since partial TIRF imaging was used, there is uneven illumination across the
field of cells.

Tracking and analysis: To allow tracking of rapidly moving individual YFP-Rab10 puncta,
time-lapse videos with 300 ms exposures captured every 1 sec for 2 min were made.
YFP-Rab10 puncta were manually tracked using the Manual Tracking plugin in Fiji. All
puncta that moved at least 3 pixels (0.3 um) per 1 sec time-step over at least 3 consecutive
frames were tracked in at least 5 cells per egg chamber to obtain a minimum of 50 tracks per
egg chamber, in 5 egg chambers per genotype. We sometimes observed a change in direction
of a YFP-Rab10 punctum. Each segment in a single direction was counted as a separate
“run”, allowing a single punctum to represent multiple runs. Each run was scored by eye

for its overall direction, either towards the trailing or leading edge of the cell. For each egg
chamber, the number of tracks moving towards the trailing edge of the cell was divided

by the number of tracks moving towards the leading edge of each cell, such that a value
greater than 1 indicates a bias in movement towards the trailing edge where YFP-Rab10
accumulates. The control data is included in the text of the results as a single ratio and

in Figure 4. In addition, the speed of each “run” was calculated. Speed was calculated as

the Euclidian frame-to-frame displacement. All individual “run” speeds across all 5 egg
chambers were plotted to compare the distributions between control and K#c-73%-3 cells,
and the mean speed per egg chamber was also plotted and used for statistical comparison
between genotypes. All analysis was done on original images; for display in figures, images
were rotated in Fiji so that the direction of cell migration is toward the bottom of the page.

Editing of images for Video S5: For videos, images were rotated such that the direction
of cell migration is toward the bottom of the page. The CellMask staining channel was
processed with a Rolling Ball Background subtraction, radius 20, in Fiji. Both the YFP-
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Rab10 and CellMask channels were processed with Bleach Correction in Fiji for the first
segment of Video S5. The images of trajectories were generated in Fiji with the Manual
Tracking plug-in.

Quantification of apical and basal YFP-Rab10 levels—In images of cross-sections
through egg chambers, lines of 0.6 pm thickness were manually drawn along the basal
surface and apical surface of the follicular epithelium of each egg chamber, and the mean
intensity of YFP-Rab10 was measured in Fiji. The ratio of the apical and basal surface
values was calculated for each egg chamber, such that a ratio greater than 1 indicates

an enrichment of YFP-Rab10 on the apical surface, and a ratio less than 1 indicates an
enrichment of YFP-Rab10 on the basal surface.

Measurement of fraction of Col IV within fibrils in the BM—As a way to quantify
changes in the organization of Col I1\V-GFP within the BM, we measured the fraction of Col
IV-GFP intensity associated with fibril-like structures in the BMs of different genotypes.

We have previously performed this analysis and refer to it as “fibril fraction”2’. First, we
determined if the overall mean intensity of Col IV-GFP was the same. The mean intensity of
Col IV-GFP in a confocal plane though the BM was measured in a square region (3600 pum?)
for each egg chamber in Fiji. The genotype that causes apical secretion had significantly
reduced Col IV-GFP in the BM, so it was excluded from fibril fraction analysis. To segment
the fibrils, the median intensity of Col I'V-GFP was measured for each egg chamber and a
threshold of 1.35x median intensity was used to threshold and define the brighter, “fibril”
areas. The Col IV-GFP intensity in these “fibril”” regions was divided by the total Col
IV-GFP intensity in the image to obtain the % of total Col I\V-GFP intensity associated with
fibrils.

Color 3D projections

Of MTs: The temporal color-code plug-in in Fiji was used to generate a color z-projection
of an Airyscan confocal z-stack of MTs. An antibody specific to acetylated MTs was used
for this imaging because this antibody has been used in all previous work characterizing the
basal MTs in follicle cells31:32.76 and we wanted to ensure we visualized the same MTs as
past work. Live imaging of MTs labeled with UAS-ChRFP-Tubulin or Jupiter-GFP show a
similar organization of MTs at the basal surface (Figures 3G and S3C).

Of intercellular BM protein network: The temporal color-code plug-in in Fiji was used to
generate a color z-projection of Col IV-GFP in a confocal z-stack through the full-thickness
of the follicle cells (9 um). The cell outlines are Dlg staining of lateral cell edges in a single
plane through the middle of FCs. The nuclei are maximum intensity projections of the DAPI
signal from the z-stack to show the full shape of the nucleus. In the more apical slices of

the z-stack, the large nuclei from the germline nurse cells were visible; these were manually
circled and deleted from the Z-stack prior to making the maximum intensity projection. The
3D projection of a deformed nucleus was generated with ClearVolume in Fiji.

3D projections of intercellular Col IV-GFP—A 3D confocal z-stack through the full
thickness of the follicle cells was collected. The slices containing the BM were deleted to
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provide better contrast to visualize the intercellular Col IV-GFP network. 3D projections
were generated in Fiji using the Plugin ClearVolume.

smiFISH quantification—The density of co/4aZ mRNA precluded single-molecule
counting. We used the intensity of the smiFISH probes as a proxy for mRNA levels.
Three z-planes through the lateral domains of the follicle cells were chosen for analysis
in each egg chamber to determine if the localization of MRNA changed in mutant cells:

a plane along the basal surface, a plane through the mid-section of the cells, and a plane
near the apical surface. Within the mosaic tissue, regions encompassing cells of different
genotypes were manually drawn based on the nuclear clone marker in Fiji. The mean
intensity of co/4a1 mRNA was measured for each genotype at each plane. Intensities in
different genotypes within mosaic tissues were compared within the same egg chamber at
each plane by: dividing K#c-73%- cells by control cells, or dividing KAcRNA! & Khe-735-3
cells by Khc®NAfonly cells. The direction of follicle cell migration (to orient images)
was determined by the organization of F-actin rich leading edges along the basal surface
visualized by counter-staining egg chambers with Alexa Fluor™ 488 Phalloidin.

Quantification of Patronin-GFP—Egg chambers were fixed and stained with Alexa
Fluor™ 647 Phalloidin and DAPI. Confocal cross-sections were taken through egg
chambers. In Fiji, a 1.1 um thick line was manually drawn along the apical surface where
Patronin is normally enriched?122, using the F-actin stain to visualize cell outlines. The
mean apical intensity of Ubi-PatroninA-GFP in K#hc-73% cells was divided by that of
control cells in each egg chamber, resulting in a ratio of 1 when there is no change.

Quantification of Jupiter-GFP

Intensity in cross-section: Confocal cross-sections were taken through live egg chambers
stained with CellMask Deep Red plasma membrane stain to identify the edges of cells. In
Fiji, the control and K#c-73%-3 cells were manually outlined based on the clone marker,
and the mean intensity of endogenously-tagged Jupiter-GFP (a MT-associated protein) was
measured as a proxy for MT mass. The mean Jupiter-GFP intensity in K#c-73% cells was
divided by that of the control cells in each egg chamber.

Basal MT alignment: Partial TIRF images of the basal surface of live mosaic egg chambers
expressing Jupiter-GFP were taken. First, a 5-30 min time-lapse was collected to determine
the direction of migration, and to exclude non-migratory egg chambers damaged during
dissection. To quantify MT alignment, we used an approach based on the Sobel operator’’
to identify the sharp local gradients in fluorescent intensity present orthogonal to linear
structures like MTs, as implemented in’8. Images of Jupiter-GFP were convolved with the
following 3x3 kernel Sobel operators to measure the x and y components of the fluorescent
intensity gradient (Gx and Gy, respectively).

1 2 1 10-1
Gx=0 0 0 and Gy=20 -2
-1-2-1 10-1
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For each pixel, the angle and magnitude of the gradient can be calculated using the x and
y components of the gradient. Since the gradient is orthogonal to the angle of the MT, the
angle of the MTs, 6, is

-16y

6 = tan Ox

And the magnitude of the gradient, G, is

G =Gx2 + Gy?

To create MT alignment distributions, regions of cells with different genotypes were
manually outlined in Fiji based on the clone marker. The pixels within regions of a given
genotype were binned by angle with weight G, collapsed to 0°-90° since we do not take into
account angle relative to the A-P axis, and then normalized to 100%. The mean % SD at each
angle bin of all egg chambers of a given genotype were plotted on a rose diagram, where
perfect alignment with the direction of migration would be 90° and alignment orthogonal to
migration would be 0°. To statistically compare the amount of alignment between genotypes,
the % of the alignment histogram within 60°-90° was used as a proxy measurement of

the population of “highly aligned MTs”. This “% highly aligned MTs” measurement was
performed for each genotype in each egg chamber. All analysis was done on original

images; for display in figures, images were rotated so that the direction of cell migration is
toward the bottom of the page. MT intensity appears uneven across the egg chamber because
these images were collected with partial TIRF which creates an uneven illumination depth
and some interference patterns across the imaging field.

Quantification of YFP-Patronin and yTub23C-eGFP—Confocal cross-sections of
egg chambers expressing endogenously-tagged YFP-Patronin?® or and -y Tub23C-eGFP79
were collected. In Fiji, 5 lines with width 4 pm were manually drawn through the apical-
basal axis and the mean intensity profile exported to Excel (avoiding apical centrosomes).
The line-scans were aligned by the position of the apical surface. The mean intensity of
the apical and basal regions, defined as the 1.2 pm regions at the top and bottom of the
cells, was calculated and normalized to the mean intensity across the whole cell. The major
enrichment of yTub23C-eGFP was at the 2 apically localized centrosomes. To report this
enrichment, we selected a confocal image through the apical plane and manually circled
20 centrosomes per egg chamber and measured the mean intensity of yTub23C-eGFP in
centrosomes and normalized it to the mean intensity in the surrounding cytoplasm.

Quantification of EB1 dynamics—Time-lapse videos of egg chambers expressing Ubi-
EB1-GFP and stained with CellMask Orange were taken at the basal surface using near
TIRF. First, 5 min videos of cell edges labeled with CellMask were taken at a rate of 1 frame
per 15 sec to determine the direction of migration. Ubi-EB1-GFP dynamics were imaged

at 1 frame per 1 sec for 2-5 min. The direction of all Ubi-EB1-GFP+ comets was scored
manually in Fiji as “towards the trailing edge” or “towards the leading edge” over a 100 sec
time-lapse in a 198 um? area. To measure the dynamics of EB1-GFP along the apical-basal
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axis, time-lapse videos of egg chambers in cross-section were taken with Zeiss Airyscan at
1 frame per sec. The direction of Ubi-EB1-GFP+ comets was scored manually as “towards
the basal surface” or “towards the apical surface” in a 120 sec video that contained ~6 cells.
The EB1-GFP comets grow densely along the apical surface, and these were excluded from
analysis.

Generation of Videos—Fiji was used to add labels and export videos as .avi, which were
then converted to .mp4 using HandBrake.

QUANTIFICATION AND STATISTICAL ANALYSIS

Egg chambers with visible damage from dissection or dying cells, or not migrating at a
normal speed in live imaging experiments, were excluded. All experiments were replicated
at least once. All statistical tests were performed in Prism8 or Prism9. MATLAB® and
Microsoft Excel were used as indicated in Method Details for some data analysis. All

data was tested for normality using the Shapiro-Wilks test and a non-parametric statistical
test was chosen if a dataset was not normal. For comparisons between cells with different
genetic perturbations within a mosaic tissue, a paired statistical test was chosen. When
experiments compared data taken from different egg chambers, unpaired statistical tests
were used. One-way ANOVA followed by a multiple comparisons test was used for
comparison of more than two datasets. Many experiments compare the ratio between mutant
and control cells within a mosaic tissue, which would result in a value of 1 if there was no
difference between groups; in these experiments a one-sample t-test or the non-parametric
Wilcoxon signed rank test was used to compare the experimental ratio to the theoretical
value of lexpected for no change between genotypes. The number of biological replicates
(n), specific statistical tests performed, and significance for each experiment can be found in
the figure legends.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Khc-73 and MTs are required for polarized BM protein secretion
(A) Images of an egg chamber stained with CellMask. Green box highlights MT polarity

along the apical-basal axis (ZA, zonulae adherentes). Orange box highlights MT polarity at
the basal surface along the migratory axis.

(B-C) Ilustrations of how BM fibrils form through lateral secretion and epithelial migration.
Apical-basal axis of the epithelium (B). Transverse section through an egg chamber (C).
(D-E) Images of ectopic Col IV-GFP in epithelia of indicated genotypes (D). Top panels
are planes through lateral domains that capture some of the apical surface due to tissue
curvature, as diagrammed in (E). Bottom panels are cross sections. Anti-Dlg (lateral
domains). Anti-aPKC (apical domains, cross sections only).

(F) Quantification of Col IV-GFP at lateral surfaces from (D). Ordinary one-way ANOVA
with Dunnett’s multiple comparisons test, **p<0.01, ****p < 0.0001. In order on graph,
n=10,11,10 egg chambers.

(G) Quantification of LanA and Perlecan at lateral surfaces in control and K#c-737NA/
epithelia. Unpaired t-test, ****p<0.0001. In order on graph, n=10,10,6,10 egg chambers.
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Stage 8. Data represent mean + SD on a log scale. Scale bars, (A) 20 um, all others 10 pm.
See also Figures S1, S2, S3 and Video S1.
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Figure 2. Col IV accumulates all along the lateral domain in Khc-7333 cells
(A) Images of lateral Col IV-GFP in control and K#c-73%-3 epithelia relative to ZA (white

arrows). Dotted arrows indicate site of intensity line-scans in (B).

(B) Graph of Col IV-GFP fluorescence intensity along cell-cell interfaces as indicated in
(A). Col IV-GFP line-scans were aligned to peak p-cat signal at the ZA (magenta line).
Asterisk highlights the example of Col IV-GFP apical to the ZA from (A). n=18 control, 20
Khe-73%3

(C-D) Images of extracellular Col IV-GFP in Khc-73%- mosaic tissue at three z-planes
through the lateral domain (C), diagrammed in (D). Line demarcates control and Khc-73%3
cells. Extracellular Col IV-GFP is highlighted by staining non-permeabilized tissue with an
anti-GFP nanobody (Figure S1F).
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(E) Quantification of extracellular Col I\V-GFP in (C), showing increased lateral
accumulation in K#c-73%-3 cells at all three z-planes. Data represent mean + SD on a log
scale. Paired t-tests, ***p<0.001. n= 9 egg chambers.

(F) Model for how Khc-73 loss causes lateral Col 1V accumulation, which persists mainly in
the upper region of the lateral domain.

Stage 8 (A,B). Stage 7 (C,E). Scale bars, 5 um (A), 10 um (B). See also Figure S1.
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Figure 3. Rab10+ compartments move along MTs to basal trailing cell edges
(A-B) Images of UAS-YFP-Rab10 at the basal surface and mid-cell (A). The basal inset

highlights one cell (outlined) with UAS-YFP-Rab10 at trailing edge. The mid-cell inset
shows UAS-YFP-Rab10 relative to the ERES protein Tangol and the cis Golgi protein
GM130, with single channel examples and a line-scan of example intensity profiles (B).
Scale bars, 10 pm main panels, 2 pum basal inset, 1 ym ERES/Golgi inset (A), and 0.5 pm
(B).

(C) Image of Khc-73-GFP (endogenous promoter) localizing to UAS-RFP-Rab10+ tubular
compartments at basal trailing cell edges. Inset one cell (outlined).

(D-E) Images of MTs (anti-acetylated a-tubulin) aligned along the apical-basal axis in
cross-section (D) and along the migratory axis at the basal surface (E, left). A color height
projection (center) of the basal-most 1.8 pm of the epithelium shows that MT bundles at the
cells’ leading edges bend and extend apically. Inset is one cell (right, outlined).

(F) Hlustrations of the 3D organization of Rab10+ compartments on MT bundles that bend
near the basal leading cell edges, as viewed in: cross-section, along the basal surface, or in a
3D cell. Only a few bent MTs/MT bundles are shown for clarity.
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(G) Image from time-lapse showing that UAS-YFP-Rab10+ compartments move along basal
MTs (UAS-ChRFP-a-tubulin). (G’) Montage of a YFP-Rab10+ punctum appearing in the
basal focal plane and moving along a MT bundle from inset in G.

Stage 7 (A-E). Stage 8 (G). Images oriented with migration down. Scale bars, 10 um for
main panels and 2 um for cell insets, except as described in (A). See also Figure S4 and
Videos S2 and S3.
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Figure 4. Khc-73 transports Rab10+ compartments to the basal trailing edges of cells
(A) Images of UAS-YFP-Rab10 and ERES (anti-Tango1) in Khc-73%-% mosaic tissue at the

basal surface and mid-cell. Line demarcates control and Kc-73% cells.

(B) Quantification of the decrease in UAS-YFP-Rab10 levels at basal trailing cell edges
(grey region of cell in cartoon) without a change near the ERES mid-cell (salmon) in
Khe-73%3 cells. Grey dots represent individual cells and blue triangles represent egg
chamber means. For basal surface: paired t-test, ****p<0.0001. n=10 egg chambers, 544
control and 457 Khe-73%%cells. For ERES: Wilcoxon matched-pairs signed rank test, ns
p>0.05. n=10 egg chambers.
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(C) Images of YFP-Rab10 (endogenous, top) and Col IV-GFP (endogenous, bottom) in
epithelia overexpressing UAS-HA-Khc-73 in patches of cells. YFP-Rab10 images are along
basal surface. Col IV-GFP images are 1.5 um above the basal surface to avoid signal from
the BM. Yellow asterisks indicate “control” cells negative for HA-Khc-73 staining; yellow
arrows point at the trailing cell edges. Green asterisks label HA-Khc-73 OE cells; green
arrows point to foci at trailing cell edges.

(D) Quantification of the increase in YFP-Rab10 and Col IV-GFP in HA-Khc-73 OE cells
at basal trailing cell edges (grey region of cell in cartoon). Grey dots represent individual
cells and blue triangles represent egg chamber means. One sample t-tests compared to

the theoretical ratio of 1, **p<0.01, ***p<0.001. For YFP-Rab10, n=6 egg chambers, 199
“control” and 161 HA-Khc-73 OE cells. For Col IV-GFP, n=7 egg chambers, 149 “control”
and 214 HA-Khc-73 OE cells.

(E) Model for how Khc-73 transports Rab10+ Col IV-filled secretory vesicles.

(F) Images of example cells (outlined) from frame one of a time-lapse of control and
Khe-73%-3 epithelia expressing UAS-YFP-Rab10. Trajectories of UAS-YFP-Rab10+ puncta
are overlaid on images and color-coded for direction.

(G) Quantification of movement of UAS-YFP-Rab10+ puncta toward leading or trailing
edges in control and K#c-73%-2 epithelia from (F). Unpaired t-test, *p<0.05. n=5 egg
chambers, 297 runs in control and 305 runs in KhAc-73%-% egg chambers. Control data also
used in text of Results.

(H) Distribution of speeds of UAS-YFP-Rab10+ puncta in control and KAc73%-5 epithelia
at the basal surface. Grey dots represent individual runs and blue triangles represent egg
chamber means. Unpaired t-test, ns p>0.05. n=5 egg chambers, 297 runs in control and 305
runs in Khe-73%-3 egg chambers.

Stage 7. Images oriented with migration down. Data represent mean = SD. Statistics were
performed on egg chamber mean values. Data in B and D plotted on log scale. Scale bars, 10
um (A and C), 2 um (F). See also Figures S5A and S5B, and Videos S4 and S5.
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Figure 5. The kinesin-1 Khc works with Khc-73 to direct polarized BM protein secretion
(A-B) Images showing ectopic Col IV-GFP in epithelia of indicated genotypes (A). Top

panels are planes through lateral domains that capture some of the apical surface due to
tissue curvature, as diagrammed in (B). Bottom panels are cross sections. Anti-Dlg (lateral
domains). Anti-aPKC (apical domains, cross sections only).

(C) Quantification of ectopic Col IV-GFP at lateral edges in the plane illustrated in (B)

on left, and in a line-scan along the apical domain on right. The control and K#c-7353
data in the grey region of graph are reproduced from Figure 1F. Data represent mean + SD
plotted on a log scale. Lateral Col IV: Ordinary one-way ANOVA with Sidak’s multiple
comparisons test; ns p>0.05, **p<0.001, ***p<0.0005, ****p<0.0001. In order on graph,
n=13,10,11,8,9,9,10,11,10,9 egg chambers. Apical Col IV: Ordinary one-way ANOVA with
Dunn’s multiple comparisons test; ns p>0.05, ** p=0.0041, ****p<0.0001. In order on
graph, n=12,10,14,8,10,10,10,12,14,11,19 egg chambers.

(D) Cross-sectional images through UAS-YFP-Rab10 expressing epithelia lacking Khc-73
only, or lacking Khc-73 and depleted of Khc.
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(E-F) Quantification of the ratio of YFP-Rab10 intensity along the apical surface divided by
the basal surface, as illustrated in (E), from images in (D). Graph showing Rab10 shifts to
apical surface when kinesins are depleted (F). Data represent mean + SD plotted on a log
scale. Ordinary one-way ANOVA with Sidak’s multiple comparisons test; ****p<0.0001. In
the order on graph, n=10,12,5 egg chambers.

(G) Model for two kinesins’ role in transporting BM vesicles.

Stage 8. Scale bars, 10 um (A) and 5 pm (D). See also Figures S5 and S6.
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Figure 6. Khc and Khc-73 make distinct contributions to Rab10+ compartment localization at
the basal surface

(A) Image of YFP-Rab10 (endogenous) along the basal surface in K/c?7 and Khc/<O-mutA
mosaic tissues. Line demarcates control and mutant cells.

(B) Quantification of the increase in YFP-Rab10 (endogenous) at the basal trailing edge
(grey region of cell in cartoon) of KAc?” cells, with no change in KhcKO-MIA cells. Grey
dots represent individual cells and blue triangles represent egg chamber means. Paired
t-tests, ns p>0.05, ****p<0.0001. For K/c?7, n=8 egg chambers, 351 control and 339 mutant
cells. For KhcKO-MuA n=8 egg chambers, 344 control and 366 mutant cells.

(C) Image of Khc-73-GFP (endogenous promoter) along the basal surface in KA¢?7 mosaic
tissue. Line demarcates control and KAc?” cells.

(D) Quantification of the increase in Khc-73-GFP (endogenous promoter) at the basal
trailing edge (grey region of cell in cartoon) of K/c?” cells. Grey dots represent individual
cells and blue triangles represent egg chamber means. Paired t-test, **p<0.01. n=8 egg
chambers, 372 control and 245 Khc?7 cells.

Stage 7. Data represent mean * SD plotted on a log scale. Statistics are on egg chamber
means. Scale bars 10 um. See also Figure S7.
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Figure 7. Intercellular BM protein networks disrupt tissue architecture
(A) Images showing changes in the organization, and intensity, of Col IV-GFP within the

BMs of kinesin mutant egg chambers.

(B) Quantification of mean Col IV-GFP intensity in the BMs from (A). Ordinary one-way
ANOVA with Sidak’s multiple comparisons test; ns p>0.05, *p<0.05, ****p<0.0001. In
order on graph, n=16,10,16,11,10,10,12 egg chambers.

(C) 3D projections of Col IV-GFP intercellular networks in K#c-73%-3 and KhcRNAI

& Khe-73RNAi epithelia, and an apical web-like network in a Khc®NAY & Khe-7353
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epithelium. Planes containing the BM were removed before making projection. View looks
down on apical surface.

(D) Quantification of the fraction of Col IV-GFP intensity associated with BM fibrils in (A).
One-way ANOVA followed by Dunn’s multiple comparison test, ns p>0.05, ****p<0.0001.
For control and K#c-73%-3 (grey region of graph), unpaired t-test, ***p<0.0005. In order on
graph, n=16,9,16,11,10,10 egg chambers.

(E) Images showing Col IV-GFP intercellular cables affect cell and nuclear shapes. A

color height projection of Col IV-GFP from a confocal volume of the full-thickness of the
epithelium shows ectopic cables of Col IV-GFP coincide with deformed cells and nuclei
(germ cell nuclei manually removed). White arrows indicate where intercellular Col 1V
cables contact the BM, and green arrows highlight deformed nuclei (3D projection of 1
deformed nucleus in inset). Images oriented with migration down.

Stage 8. Data represent mean * SD, plotted on a log scale (B). Scale bars 10 pm. See also
Video S6.
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REAGENT or RESOURCE SOURCE IDENTIFIER

Antibodies

anti-Discs large Developmental Studies Cat# DHSB: 4F3; RRID: AB_528203
Hybridoma Bank

anti-aPKC Santa Cruz Cat# sc-216; RRID:AB_2300359

Biotechnology

anti-Armadillo (B-catenin)

Developmental Studies

Cat# DHSB: N2 7A1; RRID: AB_528089

Hybridoma Bank
GFP-Booster Alexa Fluor™ 647 ChromoTek Cat# gh2AF647-50; RRID AB_2827575
Anti-acetylated a-Tubulin (6-11B-1) Santa Cruz Cat# sc-23950; RRID:AB_628409

Biotechnology

Anti-Notch Developmental Studies Cat# DHSB: C458.2H; RRID: AB_528408
Hybridoma Bank

anti-Fasciclin 111 Developmental Studies Cat# DHSB: 7G10; RRID: AB_528238
Hybridoma Bank

Anti-Tangol 25 N/A

Anti-GM130 (Drosophila) Abcam Cat# ab30637; RRID:AB_732675

Rabbit polyclonal anti-HA Rockland Inc. Cat# 600-401-384; RRID: AB_218007

Alexa Fluor™ 555, donkey anti-mouse secondary

Thermo Fisher
Scientific

Cat# A31570; RRID: AB_2536180

Alexa Fluor™ 647, donkey anti-mouse secondary

Thermo Fisher
Scientific

Cat# A31571; RRID: AB_162542

Alexa Fluor™ 555, donkey anti-rabbit secondary

Thermo Fisher
Scientific

Cat# A-31572; RRID: AB_162543

Alexa Fluor™ 647, donkey anti-rabbit secondary

Thermo Fisher
Scientific

Cat# A31573; RRID: AB_2536183

Alexa Fluor™ 647, goat anti-guinea pig secondary

Thermo Fisher
Scientific

Cat# A-21450; RRID: AB_2735091

Chemicals, peptides, and recombinant proteins

Alexa Fluor™ 647 phalloidin Thermo Fisher Cat# A22287
Scientific

CellMask™ Deep Red Plasma Membrane Stain Thermo Fisher Cat# C10046
Scientific

CellMask™ Orange Plasma Membrane Stain Thermo Fisher Cat# C10045
Scientific

Schneider’s Drosophila Medium Thermo Fisher Cat# 21720-024
Scientific

Fetal Bovine Serum Gibco Cat# 10438-018

Recombinant Human Insulin Millipore Sigma Cat# 12643

Soda Lime Glass Beads, 48-51 um

Cospheric LLC

Cat# S-SLGMS-2.5

Formaldehyde, 16%, methanol free, Ultra Pure

Polysciences

Cat# 18814-10

VECTASHIELD® Antifade Mounting Medium

Vector Laboratories

Cat# H-1000-10

SlowFade™ Antifade Kit

Thermo Fisher
Scientific

Cat# S2828

Experimental models: Organisms/strains
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REAGENT or RESOURCE

SOURCE

IDENTIFIER

D. melanogaster. Standard control strain: w[1118]

Bloomington Drosophila
Stock Center

BDSC: 3605; FlyBase ID: FBst0003605

D. melanogaster. traffic jam-Gal4: y* w*; P{w+mW.hs =
GawB}NP1624/CyO, P{w- = UAS-lacZ.UW14}UW14

Kyoto Stock Center

DGRC: 104055; FlyBase ID: FBst0302922

D. melanogaster. w[1118]; P{w[+mC] = UAS-Dcr-2.D}10

Bloomington Drosophila

BDSC: 24651; FlyBase ID: FBst0024651

Stock Center

D. melanogaster. P{ry[+t7.2] = hsFLP}22, w[*]} Bloomington Drosophila | BDSC: 8862; FlyBase ID: FBst0008862
Stock Center

D. melanogaster. Col IV-GFP: P{PTT-GC}vkgCc00791 34,80 FlyBase ID: FBal0211825

D. melanogaster. w1118; Khc-73 3-3 This paper N/A

D. melanogaster. w[*]; P{w[+mW.hs]=FRT(w[hs])}G13 Bloomington Drosophila | BDSC: 1956
Stock Center

D. melanogaster. rab10- 81 N/A

D. melanogaster. Rab10RNAT: y[1] v[1]; P{y[+t7.7]
V[+t1.8]=TRiP.JF02058}attP2

Bloomington Drosophila
Stock Center

BDSC: 26289; FlyBase ID: FBtp0040618

D. melanogaster. UAS-spastin

33

FlyBase ID: FBal0177735

D. melanogaster. PBac{ LanA-GFPfTR000574 sfGFP-
TVPTBF}VKO00033

Vienna Drosophila
Resource Collection8?

VDRC: 318155; FlyBase ID: FBal0339089

D. melanogaster. Khc-73RNAI: y[1] sc[*] v[1] sev[21]; P{y[+t7.7]
V[+1.8]=TRIP.HMS01624}attP40

Bloomington Drosophila
Stock Center

BDSC: 36733; FlyBase ID: FBal0266531

D. melanogaster. Perlecan-GFP: P{PTT-GA}trolCA06698

34,80

FlyBase ID: FBal0282690

D. melanogaster. Khc-73149

35

FlyBase ID: FBal0344596

D. melanogaster. hsFLP; FRTG13 Ubi-mRFP.nls/Cyo

From the laboratory of
Dan T. Bergstralh

N/A

D. melanogaster. traffic jam-Gal4 FRTG13
UbimRFP.nls: w[*];P{w+mW.hs = GawB}NP1624
P{w[+mW.hs]=FRT(w[hs])}G13 P{w[+mC]=Ubi-mRFP.nIs}2R

Recombination only,
this paper

traffic jam-Gal4 from DGRC: 104055;
FRTG13 from BDSC: 1956; Ubi-mRFP.nls
from BDSC: 35496

D. melanogaster. vkg-GFP traffic jam-Gal4 FRTG13 UbimRFP.nls:
W[*];P{PTT-GC}vkgCCo0791 pfw+mW.hs = GawB}NP1624
P{w[+mW.hs]=FRT(w[hs])}G13 P{w[+mC]=Ubi-mRFP.nIs}2R

Recombination only,
this paper

vkg-GFP from FlyBase ID: FBti0099948;
traffic jam-Gal4 from DGRC: 104055;
FRTG13 from BDSC: 1956; Ubi-mRFP.nls
from BDSC: 35496

D. melanogaster. y[1] w[*]; P{w[+mC]=UASp-YFP.Rab10}21

Bloomington Drosophila
Stock Center®

BDSC: 9789; FlyBase ID: FBal0215407

D. melanogaster. w[*]; P{w[+mC]=UAS-ChRFP-Tub}2

Bloomington Drosophila
Stock Center

BDSC: 25774; FlyBase ID: FBst0025774

D. melanogaster. w[1118] TI{TI}Rab10[EYFP]

Bloomington Drosophila
Stock Center8*

BDSC: 62548; FlyBaselD: FBst0062548

D. melanogaster. Ubi-Jupiter-mCherry (1)

85

FlyBase 1D: FBtp0085844

D. melanogaster. UAS-RFP-Rab10 (I1)

27

N/A

D. melanogaster. PBac{Khc-73TRG01377 sfGFP-TVPTBF}
VKO00033

Vienna Drosophila
Resource Collection8?

VDRC: 318350; FlyBase ID: FBal0339158

D. melanogaster. P{UASt-Khc-73.HA} (111)

72

FlyBase 1D: FBal0193854

D. melanogaster. w1118; PBac{602.P.SVS-1}PdiCPT1000688

Vienna Drosophila
Resource Collection

VDRC: 115041; FlyBase ID: FBal0262348

D. melanogaster. w[*]; P{w[+mC]=Ubi-p63E-
Patronin.A.GFP}3M/TM3, Sb[1]

Bloomington Drosophila
Stock Center8®

BDSC: 55129; FlyBase ID: FBal0290910

D. melanogaster. w[1118]; P{w[+mC]=PTT-GA}upiter[G00147].

80

BDSC:6836; FlyBase 1D: FBal0148245
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REAGENT or RESOURCE

SOURCE

IDENTIFIER

D. melanogaster. KICRNAI - y[1] sc[*] v[1] sev[21]; P{y[+17.7]
V[+11.8]=TRiP.HMS00883}attP2

Bloomington Drosophila
Stock Center

BDSC: 33934; FlyBase ID: FBal0257559

D. melanogaster. KhcRNAT : y[1] sc[*] v[1] sev[21]; P{y[+17.7]
V[+tL.8]=TRiP.GL00330}attP2

Bloomington Drosophila
Stock Center

BDSC: 35409; FlyBase ID: FBal0262797

D. melanogaster. w[*];P{w[+mW.hs]=FRT(w[hs])}G13 Khc?’/Cyo

51

FlyBase ID: FBal0101625

D. melanogaster. w[*];P{w[+mW.hs]=FRT(w[hs])}G13
TI{TI}KhcKO.mutA/Cyo

55

BDSC: 79036; FlyBase ID: FBal0326706

D. melanogaster. w[*]; P{w[+mC]=UASp-RFP.KDEL}10/TM3,

Bloomington Drosophila

BDSC: 30909; FlyBase ID: FBst0030909

Sb[1] Stock Center

D. melanogaster. YFP-Patronin 21 N/A

D. melanogaster. -y-Tubulin at 23C-eGFP/Cyo o N/A

D. melanogaster. Ubi-EB1-GFP (I11) 87 FlyBase ID: FBal0216831

Oligonucleotides

Fwd primer for chiRNA plasmid in exon3 of Khc-73: 5'- This paper N/A

CTTCGATATGCACGCATTATAGCCC-3'

Rev primer for chiRNA plasmid in exon3 of Khc-73: 5'- This paper N/A

AAACGGGCTATAATGCGTGCATATC-3'

Fwd primer for chiRNA plasmid in exon4 of Khc-73: 5'- This paper N/A

CTTCGCTTGTACATAAGCTCGGGTG-3'

Rev primer for chiRNA plasmid in exon4 of Khe-73: 5'- This paper N/A

AAACCACCCGAGCTTATGTACAAGC-3'

Fwd primer used to sequence lesion in Khe-73[3-3]: 5'- This paper N/A

CAACCAAAGACATTCGCATTC-3'

Rev primer used to sequence lesion in Khe-73[3-3]: 5'- This paper N/A

GATGTTAGAGCCTTCCTTGAG-3'

smiFISH probe sequences are listed in Methods S1 This paper N/A

Recombinant DNA

Plasmid: pU6-Bbsl-chiRNA 66 Addgene plasmid # 45946 ;
RRID:Addgene_45946

Plasmid: pU6 guide Khc-73 exon 3 This paper N/A

Plasmid: pU6 guide Khc-73 exon 4 This paper N/A

Software and algorithms

Fiji 88 https:/fiji.sc

HandBrake 1.3.3 The open source video transcoder HandBrake Team https://handbrake.fr/

Zen Blue Zeiss https://www.zeiss.com/microscopy/us/
products/microscope-software/zen.html

Zen Black Zeiss https://www.zeiss.com/microscopy/us/
products/microscope-software/zen.html

MetaMorph Molecular Devices https://www.moleculardevices.com/
products/cellular-imaging-systems/
acquisition-and-analysis-software/
metamorph-microscopy#gref

MATLAB R2020a MathWorks https://www.mathworks.com/products/
matlab.html

MATLAB Sobel operator 8 N/A

Prism8 and Prism9 for MacOS GraphPad Software, https://www.graphpad.com/scientific-

LLC software/prism/
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Microsoft Excel for Mac, version 16.45 Microsoft

https://www.microsoft.com/en-us/
microsoft-365/excel
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