11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

bioRxiv preprint doi: https://doi.org/10.1101/2025.03.10.642432; this version posted March 13, 2025. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
available under aCC-BY-NC-ND 4.0 International license.

Fusome morphogenesis is sufficient to promote female germline stem cell self-renewal
in Drosophila

Amanda M. Powell', Anna E. Williams'2, and Elizabeth T. Ables'

'Department of Biology, East Carolina University, Greenville, NC, 27858

2Current address: Biochemistry, Cell and Developmental Biology Graduate Program, Emory
University, Atlanta, GA, 30322

*Correspondence: ablese@ecu.edu; 1001 E. 10th St. Mailstop 552, Greenville, NC 27858;
Phone: 252-328-9770

RUNNING TITLE
Tnpo-SR promotes fusome morphogenesis
KEYWORDS

Oogenesis, Tnpo-SR, ovary, beta-importin

CORRESPONDING AUTHOR:
Elizabeth T. Ables

East Carolina University
Department of Biology

1001 E. 10th St., Mailstop 551

553 Science & Technology Building
Greenville, NC 27858

Office phone: 252-328-9770

e-mail: ablese@ecu.edu


https://doi.org/10.1101/2025.03.10.642432
http://creativecommons.org/licenses/by-nc-nd/4.0/

26

27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42

43

44
45
46

47

48

49

50

51

52

bioRxiv preprint doi: https://doi.org/10.1101/2025.03.10.642432; this version posted March 13, 2025. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made

available under aCC-BY-NC-ND 4.0 International license.

Abstract

Many tissue-resident stem cells are retained through asymmetric cell division, a process
that ensures stem cell self-renewal through each mitotic cell cycle. Asymmetric
organelle distribution has been proposed as a mechanism by which stem cells are
marked for long-term retention; however, it is not clear whether biased organelle
localization is a cause or an effect of asymmetric division. In Drosophila females, an
endoplasmic reticulum-like organelle called the fusome is continually regenerated in
germline stem cells (GSCs) and associated with GSC division. Here, we report that the
B-importin Tnpo-SR is essential for fusome regeneration. Depletion of Thpo-SR disrupts
cytoskeletal organization during interphase and nuclear membrane remodeling during
mitosis. Tnpo-SR does not localize to microtubules, centrosomes, or the fusome,
suggesting that its role in maintaining these processes is indirect. Despite this, we find
that restoring fusome morphogenesis in Tnpo-SR-depleted GSCs is sufficient to rescue
GSC maintenance and cell cycle progression. We conclude that Tnpo-SR functionally
fusome regeneration to cell cycle progression, supporting the model that asymmetric

rebuilding of fusome promotes maintenance of GSC identity and niche retention.

Summary Statement

Regeneration of the fusome, an ER-like organelle in Drosophila female germline stem
cells, relies on Tnpo-SR-dependent reorganization of the microtubule network during

interphase.
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Introduction

Stem cells maintain cellular diversity in tissues undergoing regeneration, repair,
or remodeling (Das et al., 2020; de Morree and Rando, 2023). The long-term
maintenance of stem cells within tissues requires molecular mechanisms that effectively
balance stem cell self-renewal with differentiation to a committed cell fate (Knoblich,
2008; Li and Xie, 2005). Among these, asymmetric cell division (ACD) is a conserved
process in which two cells of unequal fates are produced at each round of mitosis (Chen
and Yamashita, 2021; Sunchu and Cabernard, 2020). This allows a self-renewing
population of stem cells to be retained in tissues even as differentiated daughters are
continually produced. ACD can be achieved by differential reception of extrinsic factors
or by asymmetric localization of intrinsic cell fate determinants like proteins, mRNA, or
organelles. Although many stem cells display unequal partitioning of organelles at
mitosis, the extent to which organelle localization promotes self-renewal remains
unclear.

Drosophila female germline stem cells (GSCs) are an excellent genetic and cell
biological model of ACD (Hinnant et al., 2020; Venkei and Yamashita, 2015). GSCs
reside at the anterior end of ovarioles (the oocyte-producing units of the ovary) and are
established during development in a somatic niche composed of cap cells and terminal
filament cells (Figure 1A). GSCs divide perpendicular to the niche, such that each
mitotic division creates one daughter cell destined for differentiation (called the
cystoblast) and one stem cell, which remains anchored to the cap cells via adherens
junctions. The GSC and the cystoblast remain connected through an intracellular bridge
following mitosis through G2 phase of the next cell cycle, when the ring canal constricts
and abscission occurs (Figure 1B) (Ables and Drummond-Barbosa, 2013; Villa-
Fombuena et al., 2021). The cystoblast goes on to divide exactly four times with
incomplete cytokinesis forming 16-cell cysts, from which, one oocyte will be specified.
Thus, each mitotic division of the GSC has the potential to create one differentiated
oocyte.

Previous studies demonstrate that at least three distinct organelles
(nucleolar/ribosome complexes, centrosomes, and fusomes) are asymmetrically
distributed in GSCs (de Cuevas and Spradling, 1998; Fichelson et al., 2009; Yamashita
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84 etal.,, 2007). Among these, the fusome is arguably the most well-characterized, in large
85  part due to a preponderance of available molecular markers for its visualization (Hinnant
86 etal., 2020; Lighthouse et al., 2008; Williams and Ables, 2023). The fusome (also called
87 the spectrosome in GSCs) is a cytoplasmic structure composed of endoplasmic
88 reticulum-like membranous vesicles and a spectrin/spectraplankin cytoskeletal core that
89 elongates during the cell cycle and is partitioned to the cystoblast (Figure 1B) (de
90 Cuevas et al., 1996; de Cuevas et al., 1997; Lighthouse et al., 2008; Snapp et al.,
91  2004). Fusome material accumulates at each mitotic division, concomitant with the
92  disassembly of the mitotic spindle (de Cuevas and Spradling, 1998; Diegmiller et al.,
93  2023; Koch and King, 1966; Lin et al., 1994; Mahowald, 1971). For much of their cell
94 cycle, GSCs have a large, round fusome anchored at the anterior margin of the cell,
95 closest to the neighboring somatic cap cells (de Cuevas and Spradling, 1998; Huynh,
96 2006; Ong et al., 2010; Villa-Fombuena et al., 2021). During GSC mitosis, a small plug
97 of fusome material is deposited at the central spindle, foreshadowing placement of the
98 intracellular bridge that forms between the GSC and the presumptive cystoblast. The
99 fusome likely aids in the establishment and maintenance of this intracellular bridge,
100  similar to other systems (Chaigne and Brunet, 2022; Li et al., 2024; Ong et al., 2010;
101 Spradling, 2024). As the GSC transitions from G1 to S, the nascent fusome in the ring
102  canal builds anteriorly to join with the fusome material that remained at the cap cell
103 interface. The fusome is eventually severed between the GSC and the cystoblast when
104  abscission occurs in G2 (resulting in an “exclamation point” morphology; Figure 1B).
105  Following abscission, the GSC fusome retracts and condenses to a round morphology.
106  The fusome is therefore asymmetrically inherited at mitosis, as the GSC always retains
107  more organelle material than the cystoblast (de Cuevas and Spradling, 1998; Huynh,
108  2006).
109 Despite the well-characterized morphogenesis of the fusome, it is not clear
110  whether the fusome per se is essential for GSC self-renewal. In germ cells lacking core
111 cytoskeletal fusome components like B-spectrin or the adducin homolog hu Ii tai shao
112 (hts), fusomes fail to form (as visualized by a-Tubulin and a-Spectrin localization) and
113  germ cells largely fail to form cysts. However, it is unclear whether GSCs are retained in

114  the niche, since Hts and a-Spectrin are also key tools for GSC identification (de Cuevas
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115 et al., 1996; Roper, 2007). Similarly, loss of the recycling endosome protein Rab11,

116 which is enriched in the GSC fusome, is essential for both fusome morphogenesis and
117  maintenance of GSCs (Bogard et al., 2007; Lighthouse et al., 2008). In contrast, loss of
118  the fusome-enriched proteins Scribble or Tropomodulin do not impact fusome structure
119  (as visualized by Hts localization) or GSC maintenance (Lighthouse et al., 2008). Thus,
120  while not every fusome-enriched protein is necessary for GSC self-renewal, the

121 question of whether the fusome promotes GSC identity remains unresolved.

122 Here, we take advantage of a genetic model in which GSC fusome

123  morphogenesis is impaired to explore the connection between GSC maintenance and
124  fusome/ER asymmetric inheritance. We previously demonstrated that the B-importin
125 encoded by Transportin-Serine/Arginine rich (Tnpo-SR) is necessary for GSC self-

126 renewal, development of 16-cell cysts, and timely oocyte specification (Beachum et al.,
127 2023). Extending these observations, we find that although Tnpo-SR does not localize
128  to the fusome, it is essential to rebuild the fusome at each cell cycle, impacting the

129  cytoskeletal core, ER-like membranes, and fusome-associated proteins. Consistent with
130 the roles of other B-importins, our data suggests that Thpo-SR promotes nuclear

131  envelope remodeling at mitosis and suppresses microtubule growth from centrosomes
132  during interphase. We also identify the microtubule binding protein encoded by

133  abnormal spindle (asp) as a putative Tnpo-SR binding partner. Intriguingly, however,
134  over-expression of Asp in Tnpo-SR-depleted GSCs does not rescue GSC self-renewal.
135 Instead, we find that over-expression of the fusome component, Hts, the polarity protein
136  Bazooka (Baz)/Par-3, or a Kinesin heavy chain fusion protein (Khc::nod::lacZ) are

137  sufficient to restore fusome area and re-establish GSC self-renewal in Thpo-SR-

138  depleted GSCs. Taken together, these results suggest that rebuilding the microtubule-
139 based fusome core at successive cell cycles builds an intracellular trafficking system
140 that is essential to maintain the GSC fate.

141

142

143

144

145
146
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147 Results
148  Tnpo-SR promotes regeneration of the GSC fusome during successive cell

149 cycles.

150 Our previous work revealed that loss of Thpo-SR reduced accumulation of Hts at
151  the fusome at all phases of the cell cycle (Beachum et al., 2023). Indeed, further

152  analysis demonstrated that depletion of Tnpo-SR in GSCs reduced overall fusome core
153  area, as measured by fluorescence of a-Spectrin (Figure 1C-D, G-H) or Hts (Figure 1E-
154  F, G-H). The reduction of core area in Tnpo-SR-depleted GSCs also impacted

155 accumulation of fusome-associated proteins, such as the apicobasal scaffolding protein
156  Scribble (Scrib; Figure 1C’-D’, G-H), and the fusomal membrane protein, Reticulon-like1
157  (Rtnl1; Figure 1E’-F’, G-H). Intriguingly, although overall fusome area was reduced, the
158  dynamic movements of the fusome at different stages of the cell cycle were largely

159  normal in the absence of Tnpo-SR (Figure 2). Fusome morphologies consistent with all
160  stages of the cell cycle could be readily identified (Figure 2 and 3A), and the overall

161  cycling time (as measured by the percentage of GSCs labeled with the nucleoside

162  analog EdU during a one-hour pulse; Figure 3B) was not drastically altered.

163  Measurements were taken on germaria collected six days after eclosion, and GSCs

164  cycle every 15-16 hours (Villa-Fombuena et al., 2021); therefore, we estimate that the
165 fusome size was reduced ~45% over about nine cell cycles. This suggests that Thpo-

166 SR is necessary to regenerate the fusome in GSCs at each mitotic division.
167

168  Tnpo-SR is dispensable for the assembly, maintenance, and function of the

169 mitotic spindle.

170 Fusome regeneration in GSCs begins during mitosis, as new fusome material is
171 formed from the microtubule remnants of the mitotic spindle (Figure 1B) (Lin et al.,

172 1994; Villa-Fombuena et al., 2021). B-importins have a variety of roles during mitosis,
173 including regulation of mitotic spindle assembly, abscission, and nuclear membrane and
174  nuclear pore assembly, at least in part via sequestration of spindle assembly factors

175  (Askjaer et al., 2002; Beaudet et al., 2017; Beaudet et al., 2020; Chen et al., 2015;

176 Nachury et al., 2001; Wiese et al., 2001). Given the roles of B-importins in mitosis, we


https://doi.org/10.1101/2025.03.10.642432
http://creativecommons.org/licenses/by-nc-nd/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2025.03.10.642432; this version posted March 13, 2025. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
available under aCC-BY-NC-ND 4.0 International license.

177  hypothesized that interphase fusome morphogenesis might be impaired in Thpo-SR-
178  depleted GSCs as a secondary consequence of disrupted mitotic spindle assembly. We
179  labeled GSCs with a fluorophore-conjugated a-Tubulin, the mitosis marker

180  phosphorylated Histone H3 (PHH3), and the centrosome core protein Asterless (Asl),
181  using a light fixation protocol at room temperature to permit stabilization of microtubules
182  and identification of GSCs and surrounding niche cells in control and Tnpo-SRRNAI

183 germaria (Figure 4A,C) (Grieder et al., 2000; Williams and Ables, 2023). Although some
184  spindles appeared in a wavy shape, we found no significant difference in mitotic spindle
185  length or width between control GSCs and GSCs lacking Tnpo-SR (Figure 4A,C,I-J).
186  Since spindle stability relies on the activity of the spindle matrix (Yao et al., 2018), we
187  further tested whether localization or levels of two key Drosophila spindle matrix

188  components, Chromator and Megator, were affected by depletion of Thpo-SR.

189  Congruent with previous studies, we found that Chromator localizes to the chromatin
190  during interphase in wild-type GSCs, while Megator is localized to the inter-

191  heterochromatin space, cytoplasm, and nuclear membrane (Figure S1A,C) (Qi et al.,
192  2004; Rath et al., 2004; Yao et al., 2012; Yao et al., 2018). We did not identify any clear
193  differences in the localization of Chromator or Megator between wild-type and Tnpo-
194  SRRNAI GSCs during interphase or at mitosis (Figure S1B,D).

195 We then asked whether the minor spindle abnormalities in Tnpo-SR-depleted
196  GSCs impacted chromosome separation. We analyzed localization of the centromeric
197  protein Centromere Identifier (CID, the centromere-specific histone H34 variant), which
198 is essential for proper assembly and function of centromeres and kinetochores, the

199  primary drivers of spindle assembly (Dattoli et al., 2020; Kochendoerfer et al., 2021).
200 Consistent with the largely stable microtubule spindle, the number of CID foci was

201 equivalent between Tnpo-SR-depleted and control GSCs (Figure S2A-C). Taken

202 together, these data suggest that assembly, maintenance, and function of the mitotic

203 spindle are largely unaffected by the loss of Tnpo-SR.
204

205 Tnpo-SR is required for proper remodeling of the GSC nuclear lamina at mitosis.
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206 In contrast to spindle morphology, loss of Tnpo-SR caused significant changes in
207  organization of the nuclear lamina during mitosis. Wild-type GSCs undergo a non-

208 canonical semi-closed nuclear envelope breakdown (NEB), retaining an intact but

209 permeable nuclear membrane (Duan et al., 2021). We visualized the fragmented

210  nuclear membrane during mitosis in wild-type GSCs using antibodies raised against
211 LaminB (Figure 4B). In GSCs lacking Thpo-SR, high levels of LaminB localized around
212 DNA during metaphase (Figure 4D,K). This suggests that in the absence of Thpo-SR,
213  the nuclear lamina collapses to surround the DNA, instead of fragmenting around the
214  spindle. Abnormalities in nuclear lamina fragmentation did not appear to disturb

215  centrosome duplication, maturation, or localization. In both controls and Tnpo-SR-

216  depleted GSCs, centrosomes [visualized with antibodies against Asl or Pericentrin-like
217  Protein (Plp)] were randomly localized until late-Gz, at which time one centrosome

218  became anchored at the niche adjacent to the round-shaped fusome in preparation for
219  mitosis (Figure S2D-H). We did not detect overt differences in Asl or Plp accumulation.
220 Thus, while we observed that loss of Thpo-SR impacts nuclear lamina fragmentation,

221  the biological significance of this phenotype remains unclear.
222
223 Loss of Tnpo-SR causes aberrant interphase centrosomal microtubules.

224 Since our data did not support roles for Tnpo-SR in assembly or function of the
225  mitotic spindle, we asked whether improper disassembly of the spindle and

226  regeneration of the fusome in the GSCs caused the reduction in fusome size. Following
227  mitosis, the GSC/cystoblast pair remains connected via a temporary intracellular bridge
228  (Ables and Drummond-Barbosa, 2013; Mathieu et al., 2013). During this time, fusome
229  proteins (including Hts and the kinase Par-1) accumulate in the cytokinetic furrow

230 (Figure 2B-B’), and condense anteriorly in the GSC towards the cap cells (Figure 2C-E’)
231 (Villa-Fombuena et al., 2021). As the central spindle disassembles, a-Tubulin becomes
232  tightly associated with Hts, extending the fusome and likely serving as a framework for
233  continued vesicular trafficking (Figure 2D). Following abscission, fusome material (both
234  Hts and a-Tubulin) aggregates at the anterior side of the GSC, retracting away from the
235 cystoblast and re-forming a round structure by mid-G2 (Figure 2F-G).
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236 GSCs lacking Tnpo-SR still disassembled the bulk of microtubules during

237 telophase and correctly formed the central spindle (Figure 2H-1); however, we saw

238 abnormalities in a-Tubulin localization beginning as early as G1 (Figure 2I-N).

239  Microtubules appeared disorganized, oriented in random directions rather than

240 coalesced towards the fusome or the anterior of the cell (Figure 2I', M’, N’). Although a-
241 Tubulin co-localized with Hts at the fusome, the levels of Hts were drastically reduced,
242  particularly during S/G2 when the fusome typically builds anteriorly. By late G2, when
243  control cells had already condensed a-Tubulin into a spherical fusome, Tnpo-SR-

244  depleted GSCs failed to condense a-Tubulin, and instead appeared to be building

245  microtubules in random directions (Figure 2N-N’).

246 These observations suggested that Thpo-SR might suppress inappropriate

247  microtubule growth during interphase. To test this hypothesis, we again co-localized a-
248  Tubulin with Asl and imaged cells in interphase (Figure 4E-H). In control interphase

249  GSCs, microtubules were observed either at the fusome or the cell cortex (Figure 4E-F).
250 In contrast, microtubules in Tnpo-SR-depleted GSCs grew from centrosomes scattered
251  throughout the cell, oriented intracellularly towards the somatic cap cells and

252  occasionally extending to wrap around the cap cells (Figure 4G-H’, L). These results
253  confirm that Tnpo-SR normally suppresses microtubule growth and suggest that loss of
254  microtubule organization underlies the failure to regenerate the fusome properly in

255  Tnpo-SR-depleted GSCs.

256 We then asked whether the microtubule defects caused by Thpo-SR depletion
257  impacted progression through the cell cycle, using two independent assays to measure
258  cell cycle phase length. First, since overall fusome structure remained largely intact in
259  Tnpo-SR-depleted GSCs (Figure 2), we used the morphology of the fusome as an

260 indicator of cell cycle phase (Figure 1B, 3A) (Villa-Fombuena et al., 2021). Second, we
261  employed the Fly-Fluorescent Ubiquitination-based Cell Cycle Indicator (FUCCI) system
262  to distinguish cell cycle phases using fluorochrome-tagged transgenes that are

263  degraded in parallel with the cell cycle regulators Cyclin B and E2F1 (Figure 3C)

264  (Hinnant et al., 2017; Villa-Fombuena et al., 2021; Zielke et al., 2014). In both assays,

265 and consistent with prior studies, control GSCs were most frequently found in G2, with a
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266  much smaller population in G1 and M, which occur in exceedingly short windows of time
267 (Hinnant et al., 2017; Villa-Fombuena et al., 2021). In contrast, Tnpo-SR-depleted cells
268  were more likely to be found in G1, suggesting that G1 length is at least two times longer
269 than normal (Figure 3A,C). Notably, in both Tnpo-SR-depleted and control GSCs, we
270  observed accumulation and co-localization of the mitotic marker PHH3 with DNA during
271 prophase and metaphase, and waning expression during telophase as chromatids

272  separated to opposing poles (Figure 4A,C), suggesting that the length of mitosis is

273 largely unaffected by loss of Thpo-SR. Further, these results are not consistent with

274  centrosome maturation defects, which typically arrest cells in G2 (Venkei and

275  Yamashita, 2015). We conclude that Thpo-SR-depleted cells delay exit from G+,

276  perhaps as a consequence of inappropriate microtubule regulation or improper NEB.
277
278 Tnpo-SR does not localize to centrosomes or the fusome.

279 Given that loss of Thpo-SR caused defects in fusome regeneration and

280 centrosome-dependent microtubule dynamics, we hypothesized that it might function in
281  GSCs by directly binding proteins associated with these organelles, facilitating

282 intracellular protein transport. We previously characterized two novel alleles to monitor
283  Tnpo-SR localization (Beachum et al., 2023). Of these, a transgenic allele encoding a
284  hemagglutinin-tagged Tnpo-SR (HA::Tnpo-SR) permitted specific and robust expression
285 in the germline and faithfully reproduced endogenous Tnpo-SR intracellular localization
286 in differentiated germ cells. We used this allele to carefully monitor Tnpo-SR localization
287 in GSCs at different points in the cell cycle. As expected, we observed HA::Tnpo-SR
288  around the nuclear membrane, inside the nucleus, and, to lesser extent, in the

289  cytoplasm (Figure 5A-B), consistent with its purported role in nucleocytoplasmic

290 transport. At mitosis, HA::Tnpo-SR was evenly dispersed between the nucleus and

291  cytoplasm, demonstrating that it can freely traverse the semi-permeable nuclear lamina
292  during mitosis (Figure 5C’). We also noted the existence of small puncta of HA::Tnpo-
293 SR that were difficult to discern with standard confocal microscopy (Figure 5A’). Indeed,
294  higher resolution imaging (with image deconvolution to improve the signal to noise ratio)
295 confirmed that some HA::Tnpo-SR localized to vesicles, frequently near the nucleus and

10
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296  of similar size as centrosomes (Figure 5B’). However, we did not observe HA::Tnhpo-SR
297  co-localized with a-Tubulin or the centrosome protein Asl, suggesting that it does not
298 accumulate at centrosomes, fusomes, or the mitotic spindle. These data suggest that

299  Tnpo-SR regulation of these organelles occurs indirectly.
300

301 Localization of Asp, but not other microtubule binding proteins, is regulated by
302 Tnpo-SR.

303 Given its putative role as a nucleocytoplasmic transport protein, and the absence
304 of co-localization at the fusome or centrosomes, we hypothesized that Tnpo-SR might
305 function in the stability, transport, or translation of a protein essential for microtubule

306 dynamics in germ cells. Previous studies identified Abnormal spindle (Asp), a

307 microtubule binding protein that localizes to the poles of mitotic spindles and the minus
308 ends of spindle microtubules, as a regulator of germ cell mitotic divisions (Riparbelli et
309 al., 2004; Saunders et al., 1997). Originally described as a regulator of centrosome

310 organization, loss of asp altered germ cell mitotic divisions (by inducing ‘wavy’ mitotic
311  spindles), disrupted microtubule organization, and induced defects in fusome structure,
312  similar to loss of Thpo-SR (Beachum et al., 2023; Do Carmo Avides and Glover, 1999;
313  Riparbelli et al., 2004; Saunders et al., 1997). Unfortunately, we were unable to source
314  anti-Asp antibodies to visualize endogenous Asp. Instead, we confirmed Asp localization
315 by driving a GFP-tagged Asp specifically in germ cells (Figures 6A, S3A) (Shao et al.,
316  2010). Consistent with previous studies, Asp was enriched at the spindle poles and

317  centrosomes during mitosis in GSCs and dividing cysts (Figure S3A). In interphase

318  GSCs, however, Asp localized to the cytoplasm and was enriched at the fusome (Figure
319 6A,C). As germ cells differentiated, Asp remained localized to the cytoplasm until the
320 16-cell cyst stage, where it concentrated around the cortex of a single cyst cell (likely
321 the presumptive oocyte) (Figure 6A,D). We then asked whether depletion of Tnpo-SR
322 impacted Asp localization. In GSCs lacking Thpo-SR, 40% of GSCs lost the cytoplasmic
323  expression of Asp and instead concentrated it in the fusome (Figure 6B,C). Moreover,
324 differentiated Thpo-SR-depleted germ cells accumulated Asp in the nucleus, which was
325 only rarely seen in controls (Figure 6B,D). These results suggest that Tnpo-SR is
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326  necessary to move or stabilize Asp in the cytoplasm of GSCs and their differentiating
327 daughters.

328 To determine whether the interaction between Tnpo-SR and Asp was specific, or
329 a general property of effectors of spindle formation or disassembly, we examined

330 localization of other regulators of microtubule dynamics. As with Asp, we used

331 transgenic approaches to express a fluorescently-tagged version of each protein

332  specifically in germ cells (Figure 7A-H and S3B-D). We selected three proteins

333 associated with microtubule binding: Mini-Spindles (Msps), a plus-end microtubule

334  binding protein that regulates microtubule organization (Brittle and Ohkura, 2005; Lu et
335 al., 2023); Kip10A, a kinesin that induces microtubule depolymerization at plus ends
336 (Chen et al., 2016; Persico et al., 2019); and an engineered kinesin-like protein that
337  binds preferentially to microtubule minus ends (Khc::nod-lacZ; (Grieder et al., 2000)). In
338 each case, microtubule binding proteins co-localized with a-Tubulin, and this localization
339 was equivalent between control and Tnpo-SR-depleted GSCs (representative images
340 from Khc::nod-lacZ and Msps are shown in Figure 7A-D). This suggests that Tnpo-SR
341  specifically regulates Asp localization, rather than generally impacting localization of
342  microtubule binding proteins.

343

344 Restoration of fusome morphogenesis is sufficient to rescue GSC loss in the

345 absence of Tnpo-SR.

346 If the fusome promotes asymmetry between the GSC and the cystoblast during
347 division, then failure to regenerate the fusome at each cell cycle should decrease GSC
348  self-renewal, resulting in fewer numbers of GSCs in older flies. To test this idea, we
349  asked whether restoration of fusome regeneration could rescue GSC loss in germaria
350 thatlack Tnpo-SR. To rescue fusome regeneration, we first over-expressed a

351 fluorescently-tagged version of Hts in Tnpo-SR-depleted GSCs (Figure 7E-F). Notably,
352  over-expression of Hts alone was not sufficient to change the area of the fusome in
353 control GSCs. In the absence of Thpo-SR, however, over-expression of Hts was

354  sufficient to rescue fusome area in G2/M (round fusomes) and G1/S/G2 (stretched
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355 fusomes) (Figure 71-J). Moreover, over-expression of Hts was also sufficient to rescue
356  GSC number and the length of G1 (Figure 7K-L, Table 1).

357 As an independent means to rescue fusome regeneration, we then over-

358 expressed the polarity protein Baz (Figure 7G-H). Endogenous expression and

359 localization of apical proteins (Baz, Scrib, or E-cadherin) was equivalent between Tnpo-
360 SR-depleted and control cells (Figure S4) (Beachum et al., 2023). Since Baz is

361  sufficient to promote microtubule focusing to the oocyte in differentiated cells (Cox et al.,
362 2001; Huynh et al., 2001), we reasoned that over-expression of Baz might hyperpolarize
363 GSCs, focusing microtubules to the apical border. Indeed, over-expression of a

364 fluorescently tagged Baz alone or in Thpo-SR-depleted GSCs significantly increased
365 fusome area (Figure 71-J). As with over-expression of Hts, over-expression of Baz in

366  Thpo-SR-depleted GSCs also rescued GSC number and the progression of these cells
367 through G1 (Figure 7K-L, Table 1).

368 Importantly, over-expression of other fusome-associated proteins was not

369 sufficient to rescue fusome regeneration in the absence of Thpo-SR. For example,

370 fusome size in Thpo-SR-depleted GSCs was not altered by over-expression of sticky
371  (sti), a Drosophila ortholog of Citron Kinase that localizes to the GSC fusome and is
372  essential for cytokinetic abscission (D’Avino and Capalbo, 2016; Price et al., 2023), or
373  over-expression of the microtubule binding protein Klp10A (Figure 7I-L). Moreover, even
374  though Asp localization was concentrated in the fusome in Tnpo-SR-depleted cells, its
375 over-expression was not sufficient to restore fusome regeneration or GSC number
376 (Table 1). This suggests that even though Tnpo-SR impacts Asp intracellular transport,
377 this interaction is independent of the mechanism by which Tnpo-SR promotes fusome
378 morphogenesis.

379 We also observed that over-expression of Khc::nod-lacZ was sufficient to rescue
380 fusome size in Thpo-SR-depleted cells only in cells in G1/S/G2, when the fusome is

381  back-building from the cytokinetic furrow to the apical side of the GSC (Figure 71-J). This
382 effect also restored GSC number and the length of G1 (Figure 7K-L). Since Khc::nod-
383 lacZ binds microtubule minus ends, we propose that its over-expression helps extend,
384 focus, and/or stabilize microtubules at the building fusome, promoting regeneration.
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385 Surprisingly, although the over-expression of microtubule binding protein, Msps,
386 did not rescue overall fusome integrity or G1 progression in the absence of Tnpo-SR, we
387 observed a significant increase in GSC number compared to loss of Tnpo-SR alone

388 (Figure 7K). Previous studies showed that Msps is required to promote tubular ER

389 formation through microtubule trafficking in later stage oocytes (Pokrywka et al., 2009).
390 We propose that the over-expression of Msps may similarly increase the tubular ER of
391  GSCs. Thus, although the fusome core size (visualized by Hts) was not altered,

392 fusome/ER membrane area may have been increased sufficiently to restore fusome

393 function and GSC maintenance in the absence of Thpo-SR. Taken together, these

394 results suggest that the fusome, which must be rebuilt in GSCs at each cell cycle,

395 facilitates the intracellular protein trafficking that promotes GSC self-renewal.
396

397 Discussion

398 Stem cells that undergo ACD often have organelles that are partitioned

399 asymmetrically, but whether organelle asymmetry promotes and maintains self-renewal
400 is unknown. Here, we further characterized the roles of the B-importin, Tnpo-SR, in the
401  regeneration and asymmetric distribution of the ER-like fusome in GSCs. We confirmed
402 that a primary defect of Thpo-SR-depleted cells is the loss of fusome area due to

403 insufficient fusome regeneration at successive cell cycles. We found that consistent with
404  roles described for other B-importins, Tnpo-SR maintains cystoskeletal organization

405 through the suppression of microtubules during interphase and described a novel role
406  for Tnpo-SR in nuclear lamina remodeling during mitosis. We also identified the

407  microtubule binding protein, Asp, as a putative binding partner of Tnpo-SR. Although the
408  over-expression of Asp itself was not sufficient to restore Tnpo-SR loss of function,

409 restoration of fusome regeneration compensated for loss of Thpo-SR, preserving GSC
410 number. These data suggest that the primary function of the fusome is to establish and
411 maintain an intracellular trafficking network to the apical pole of GSCs. Moreover, this
412  intracellular trafficking is essential for maintaining GSCs in the niche over time. We

413  propose that asymmetric distribution of the fusome is not only a hallmark of GSC

414  biology, but also an integral part of maintaining the undifferentiated fate of GSCs.
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415
416  Maintaining fusome integrity promotes GSC asymmetry.

417 In the interconnected germ cysts of the Drosophila ovary, the fusome acts to

418  connect and coordinate germ cells via protein and organelle trafficking (Bolivar et al.,
419  2001; Cox and Spradling, 2003; Deng and Lin, 1997; Grieder et al., 2000; Mahowald,
420 1971; Mahowald and Strassheim, 1970; Roper and Brown, 2004). As germline cysts
421  mitotically divide, the fusome acts as an anchor for centrosomes, polarizing the mitotic
422  spindles (Deng and Lin, 1997). In mutants lacking hts, mitotic divisions are randomized
423  and cysts fragment (Deng and Lin, 1997). Further, the asymmetry of the fusome in

424  differentiated cysts is required to establish oocyte identity. The fusome must coordinate
425 and polarize microtubules to concentrate pro-oocyte factors asymmetrically (BicD, Egl|,
426 Orb) (Réper and Brown, 2004). Specialized structures like centromeres (Mahowald and
427  Strassheim, 1970), centrosomes (Bolivar et al., 2001; Grieder et al., 2000),

428  mitochondria (Cox and Spradling, 2003), and Golgi elements (Cox and Spradling, 2003)
429  are then shuttled along the fusome and become concentrated in the oocyte. While the
430 morphological changes of the fusome have been well described in asymmetric germ
431  cells (GSC and oocyte), a direct role for the fusome in maintaining GSCs has not

432  previously been described.

433 The molecular mechanisms directing fusome asymmetry in GSCs may be

434  paralogous to the distribution of organelles across cell types (Barlan and Gelfand, 2017;
435 Derivery et al., 2015; Jongsma et al., 2015; Ouellet and Barral, 2012). There are two
436  evolutionary conserved principles that direct the separation of organelles. First,

437  organelle inheritance must be spatially regulated. In yeast, this is regulated through
438 interactions with microtubules (Ouellet and Barral, 2012; Weisman, 2006). Second, this
439  process must be regulated in tune with the mitotic cell cycle (Ouellet and Barral, 2012;
440  Weisman, 2003; Weisman, 2006). The latter of these rules seems to be much more
441  complex among cell types because it relies on proper timing of organelle growth and
442  cell cycle progression. In cells that undergo ACD, the process of organelle segregation
443 is even more elaborate because the organelles themselves are asymmetrically

444  segregated. For example, the distribution of ER in Drosophila neuroblasts relies on the
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445  regulation of both polarity and microtubules, suggesting a positive feedback loop

446  between organelle and microtubules dynamics (Smyth et al., 2015; Tikhomirova et al.,
447  2022). We provide evidence suggesting that the ER-like fusome is asymmetrically

448  segregated through a partnership with both microtubules and polarity factors.

449  Coordinated with the mitotic cell cycle, the fusome relies on the stability of microtubules
450 to asymmetrically segregate. In the absence of Thpo-SR, interphase microtubule

451 dynamics are disorganized and fusome integrity and asymmetry is diminished.

452 Interestingly, the over-expression of Msps in the absence of Thpo-SR restored
453  GSC maintenance independently of fusome area. In Drosophila oocytes, Msps works in
454  tandem with minus-end microtubule motor, dynein, to create a positive feedback loop
455  that enhances microtubule transport, creating a small but stochastic difference in

456  microtubule polarity (Lu et al., 2023). Foundational studies on dynein and its transient
457  presence in the fusome at mitosis suggest a role in polarizing the mitotic spindles of

458  early germ cells (McGrail and Hays, 1997). The over-expression of Msps in the absence
459  of Tnpo-SR could enhance microtubule polarity at levels sufficient to promote GSC

460 asymmetry, but not enough to fully regenerate fusome area.

461 Importins are linked to several complex mitotic and meiotic regulatory events
462  through their interaction with the RanGTPase cycle (Cesario and McKim, 2011; Kalab et
463  al., 1999; Kalab et al., 2002; Lonhienne et al., 2009; Muhlhdausser and Kutay, 2007).
464  The most extensive studies on the regulation of cytoskeletal organization by importins
465 focused on Importin-a and Importin-3. For example, Importin-B maintains the mitotic
466  spindle through associations with Ran in C. elegans embryos, and competitively binds
467  the microtubule associated protein, NuMa, during interphase (Nachury et al., 2001;
468 Wiese et al., 2001; Askjaer et al., 2002). Our analysis of Tnpo-SR-depleted GSCs

469  suggests that Tnpo-SR shares some functional properties with Importin-B. While Tnpo-
470 SR does not appear to influence mitotic spindle assembly or maintenance, it does play
471  a significant role in the suppression of microtubules during interphase, similar to the
472  interaction between Importin-B and NuMa.

473 To date, Tnpo-SR has only been directly implicated in the binding of
474  phosphorylated serine/arginine (SR) proteins in Drosophila (Allemand et al., 2002; Lai et
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475 al., 2001). Yet protein conformation studies in the human ortholog of Tnpo-SR, Tnpo3,
476 identified over one hundred potential binding partners, ranging from transcription factors
477  to microtubule and cell cycle regulators (Kimura et al., 2017). Although we cannot rule
478  out the possibility that the effects we attribute to Thpo-SR result from its interaction with
479  a splicing factor (many of which are SR proteins), our data suggests Tnpo-SR may bind
480  a variety of proteins that allow it to regulate multiple pathways.

481 We observed that localization of the minus-end microtubule binding protein, Asp,
482 is altered in the absence of Tnpo-SR, and that localization of Asp is different in GSCs
483  than in differentiated cells. This suggests a direct role for Tnpo-SR in maintaining Asp
484  localization. However, we found no obvious evidence that Tnpo-SR and Asp co-localize,
485  suggesting that this interaction may not be direct or stable. Importin partner proteins
486 largely fall into two categories. “Cargoes” are proteins that are destined for transport,
487  whereas “binding partners” can be transient or competitive interactions (Kuersten et al.,
488 2001; Yang et al., 2023). Importin-B competitively binding microtubule associated

489  protein, NuMa, during interphase is an example of an importin binding partner (Nachury
490 etal., 2001; Wiese et al., 2001). Importin-f acts to sequester NuMa during interphase,
491  suppressing ectopic microtubule assembly, but also allowing the nuclear accumulation
492  of spindle assembly factors during interphase to ensure they are accessible near

493  chromatin once mitosis begins. We propose that Asp is a binding partner of Tnpo-SR,
494  most similar to the interaction between Importin- and NuMa. Alternatively, Tnpo-SR
495  could impact localization of a factor necessary for Asp localization, or Tnpo-SR and Asp
496  could interact with a common set of microtubule regulators. Additional studies will be

497 necessary to elucidate relevant molecular mechanisms.

498 The changes in Asp localization depending on differentiation stage also suggests
499 that importins like Tnpo-SR may regulate the developmental switches that occur during
500 germ cell differentiation. Thus, while Tnpo-SR may serve to establish fusome

501 asymmetry and thus maintain GSCs, it may likely play a different role in more

502 differentiated germ cells, such as in establishment of oocyte identity or in the

503 maintenance of fusome integrity necessary to keep differentiated cells interconnected.

504 We posit that since Tnpo-SR promotes fusome morphogenesis, it may regulate GSC
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505 maintenance and oocyte identity at least in part by some common molecular

506 mechanisms, though unique regulation is also likely. Indeed, the difference in Asp

507 localization suggests that not all mechanisms will be shared by GSCs and differentiated
508 oocytes. Further studies investigating the cargo loads of Thpo-SR based on

509 differentiation stage will help distinguish between these possibilities.
510
511  Study Limitations

512 While this data supports that rescuing fusome regeneration is sufficient to

513 promote GSC maintenance there are a few important limitations. We relied on over-
514  expression of tagged proteins due to the low endogenous levels in GSCs, as this
515 methodology allowed us to easily visualize proteins of interest. However, over-

516  expression does not always reflect endogenous localization and could impact the
517 localization or functionality of the protein. All studies were performed using fixed cell
518 imaging. While we and others have demonstrated great reproducibility between fixed
519  and live imaging of fusome dynamics, it remains formally possible that fixation of the

520 samples alters intracellular localization of fusome-associated proteins.
521

522  Materials and Methods

523  Drosophila Strains and Husbandry

524 Flies were maintained at 22-25°C in standard medium (cornmeal/

525 molasses/yeast/agar) (NutriFly MF; Genesee Scientific). Fly genotypes are listed in
526  Table 2. Female progeny were collected within 24 h of eclosion and maintained on wet
527 yeast at 25°C. For RNAIi experiments, germline knockdown of Tnpo-SR was facilitated
528 by expressing the pValium22-based transgene UAS-Tnpo-SRRNAi ysing the germline-
529  specific nos-GAL4::VP16-nos.UTR (referred to throughout as nos-Gal4) (Beachum et
530 al., 2023; Doren et al., 1998). Females carrying the driver alone were used as controls.

531 Tnpo-SR null GSCs (Figure S4) were generated by inducing genetic mosaics
532 using Flippase (FLP)/FLP recognition target (FRT) mitotic recombination, as previously
533 described (Beachum et al., 2023).
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534 Immunofluorescence and Microscopy

535 Ovaries were prepared for immunofluorescence microscopy as described

536 (Hinnant et al., 2017; Williams and Ables, 2023). Ovaries were dissected and teased
537 apart in room temperature Grace's medium without additives (Caisson Labs) and fixed
538 in 5.3% formaldehyde in Grace's medium for 10 min at room temperature. They were
539 then washed extensively in phosphate-buffered saline (PBS, pH 7.4; Fisher) with 0.1%
540  Triton X-100, permeabilized in PBS with 0.5% Triton X-100 for 30 minutes and blocked
541  for 3 hours in blocking solution [5% normal goat serum (MP Biomedicals), and 0.1%

542  Triton X-100 in PBS] at room temperature. Primary antibodies (listed in Table 2) were
543 diluted in blocking solution and used overnight at 4°C. Secondary antibodies were

544  followed by a 2 hour (or overnight) incubation at room temperature with AlexaFluor 488-,

545  568- or 633-conjugated goat species-specific antibodies (Life Technologies; 1:200).

546 All ovary samples were stained with 0.5 pg/ml 40 -6-diamidino-2- phenylindole
547  (DAPI; Sigma) in 0.1% Triton X-100 in PBS, and mounted in 90% glycerol mixed with
548 20% n-propyl gallate (Sigma). Confocal z-stacks (1 or 0.5 ym optical sections) were
549  collected with the Zeiss LSM700 laser scanning microscope or Zeiss LSM800 laser

550  scanning microscope with Airyscan detector both using Zen Black software. Airyscan
551 images were subject to deconvolution protocols performed by the Zen program. Images
552  were analyzed using Zeiss ZEN software or FIJI and minimally and equally enhanced
553  via histogram using ZEN and Adobe Photoshop Creative Suite.

554
555  Statistical Analysis

556 GSCs were identified based on the juxtaposition of their fusomes to the junction
557 of adjacent cap cells. GSC loss was measured as the average number of GSCs per

558 germaria, and results were subjected to a Student’s two-tailed T-test comparing (Figures
559  1,3,4) driver controls versus driver>UAS-RNA.I or (Figure 7) driver>UAS-RNAI versus
560 driver>UAS-RNAI,UASp rescue model. Each experimental group was evaluated using
561  Microsoft Excel and Prism (Graphpad).
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562 Fusome measurements were taken from the center-most z-stack of each GSC
563  where the main bulk of the fusome was most highly localized. The average pixel area of
564 the fusome was collected using the FIJI area tool measuring the pixel area of the

565 identified fusome using a-Hts, a-alpha-Spec, or a-GFP (Scrib::GFP, Rtnl1::GFP).

566 Measurements were transferred to Microsoft Excel and Student’s two-tailed T-tests were
567 performed comparing driver controls versus driver>UAS-RNAI versus driver>UAS-

568 RNAIi,UASp rescue model.

569 Mitotic spindle measurements were taken using the line tool in FIJI using a max
570  z-stack projection of the mitotic GSC being analyzed (from the bottom of the cell to the
571  top). Length measurements were collected from one centrosome to the other (identified
572 by centrosome marker Asl). Width measurements were taken from the center of the
573  mitotic spindle at its widest point. Measurements were transferred to Microsoft Excel
574  and Student’s two-tailed T-tests were performed comparing driver controls versus

575  driver>UAS-RNAI versus driver>UAS-RNAI,UASp rescue model.

576 Interphase microtubules were identified based on the presence of alpha-tubulin
577 emanating from centrosomes (identified by centrosome marker Asl). A Fishers Exact
578 test analysis was performed using Prism (Graphpad) comparing driver controls versus
579  driver>UAS-RNAI versus driver>UAS-RNAI,UASp rescue model.

580 Intensity of LaminB accumulation at the DNA during mitosis measurements were
581 taken using the line tool in FIJI. Each mitotic GSC was visualized in a z-stack max

582  projection and a line was drawn surrounding the DNA (using DAPI to visualize). The
583 intensity of LaminB was measured at that line and measurements were transferred to
584  Microsoft Excel and Students two-tailed T-tests were performed comparing driver

585  controls versus driver>UAS-RNAI.

586
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869 Figure 1: Tnpo-SR promotes GSC fusome regeneration. (A) Schematic of

870  Drosophila germarium. Somatic cap cells (grey) are juxtaposed to GSCs (green).

871  Asymmetric division of a GSC yields a cystoblast (blue) which divides four times

872  through incomplete cytokinesis to produce a 16-cell interconnected cyst. One cyst cell
873 becomes the oocyte (yellow). The fusome (red) interconnects germ cells. (B) Fusome
874  morphogenesis parallels progression through the cell cycle. (C-F) Max projections of
875 germaria from Scrib::GFP (green, C-D) or Rtnl1::GFP (green, E-F) control females (C,
876  E) or combined with Tnpo-SRRNAI (D, F), immunostained for fusome core proteins a-
877  Spectrin (C-D, magenta) and Hts (E-F, magenta; with LamC to visualize cap cells).

878  Asterisks (*) denote cap cells. Scale bars = 5um. (G-H) Quantification of fusome area in
879 round (G) and stretched (H) fusome morphologies. Numbers in bars represent number
880 of GSCs analyzed. Error bars represent s.e.m. (***)p<0.00001, (**)p<0.0001; Student’s
881  two-tailed T-test.
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883 Figure 2: Tnpo-SR maintains fusome asymmetry. (A-G) Control and (I-N) Thpo-
884  SRRNAI GSCs immunostained for the fusome (Hts, white), microtubules (a-Tub,

885 magenta), polarity and cell membrane marker Scrib (Scrib::GFP, green), and DNA

886  (DAPI, blue). Graphics represent the wild-type fusome morphological changes and the
887  subsequent localization of Hts, Scrib and aTub as GSCs go through the cell cycle.

888  Asterisks denote cap cells. Scale bar = 5um. Arrowheads denote microtubule defects
889 (M, N).
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907 Figure 3: Loss of Tnpo-SR delays exit from G1. Quantification of cell cycle

908 progression via fusome morphology (A), incorporation of EAU in a one-hour pulse (B),
909 or Fly-FUCCI fluorescent labeling (C) in control (solid) or Tnpo-SRRNA (striped) GSCs.
910  G1 (yellow and white), S (purple), Gz (blue), M (green). Mitotic GSCs were identified by
911 chromosome morphology (labeled with DAPI). (B) Percentage GSCs that are EDU

912  positive (purple) or negative (grey). Numbers below bars indicate number of GSCs

913 analyzed. Fisher’s Exact test was used to compare the number of GSCs in G1 (plug
914  morphology, A; E2F1+, C) or the number of EdU+ GSCs (B) to the total number of

915 GSCs. (**)p<0.001, (*)p<0.01.
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944  Figure 4: Tnpo-SR regulates nuclear lamina remodeling at mitosis and

945 suppresses microtubule growth during interphase. (A-H) Control (A-B,E-F), and
946  Tnpo-SRRNAI (C-D,G-H) germaria immunostained for a mitotic marker (PHH3, white)
947  (A,C), the fusome (Hts, white) (B,D-H), microtubules (a-Tubulin, magenta), centrosomes
948  (Asl, green), and DNA (DAPI) (A-D). GSCs outlined with white lines (solid, control)

949  (dashed, Tnpo-SRRNA) Asterisks denote cap cells. Scale bars = 5um. (I-L)

950 Quantification of GSC mitotic spindle length (1) and width (J), LaminB fluorescence

951 intensity (K), and interphase GSCs with microtubules emanating from centrosomes (L)
952 in control (solid) or Tnpo-SRRNAI (striped) germaria. Numbers in/under bars represent
953 number of GSCs analyzed. Error Bars represent s.e.m. (***)p<0.00001, (**)p<0.0001;
954  Student’s two-tailed T-test (I-K) or Fishers Exact test (L).
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oTub Asl HA.Tnpo-SR

Figure 5: Tnpo-SR does not aggregate in fusomes or at centrosomes. Maximum
intensity projections of interphase (A-B) or mitotic (C) UASz-HA::Tnpo-SR GSCs
immunostained for Tnpo-SR (HA, green), microtubules (a-Tubulin, magenta),
centrosomes (Asl, white), and DNA (DAPI, blue). A-B are the same germarium imaged
with (B) and without (A) Airyscan high resolution imaging with deconvolution. Asterisks
denote cap cells. Arrowheads denote centrosomes (Asl). Arrows denote HA-enriched
foci. Scale bar = 5um.
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Figure 6: Asp intracellular localization is regulated by Tnpo-SR. (A-B) UASp-
Asp::GFP (A) and Thpo-SRRNA:UASp-Asp::GFP (B) germaria immunostained for the
fusome (Hts, magenta), cap cells (LamC, magenta), and Asp (green). Asterisks denote
cap cells, blue lines outline GSCs, yellow lines outline differentiated germ cells, arrow
heads denote Asp localization in undifferentiated germ cells, arrows denote Asp
localization in differentiated germ cells. Scale bar = 5um. (C-D) Quantification of Asp
localization in control (solid) and Thpo-SRRNAi:UASp-Asp::GFP (striped) GSCs (C) or
differentiated germ cells (D). Numbers in bars represent numbers of GSCs (C) or cysts
(D). (***)p<0.00001, Fishers Exact test.
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993 Figure 7: Restoration of fusome regeneration rescues GSC self-renewal and G+
994 length in Tnpo-SR-depleted GSCs. Representative germaria from control (A,C,E,G) or
995  Tnpo-SRRNAI (B,D,F,H) females carrying UASp-Khc::nod::LacZ (A-B), UASp-CFP::Msps
996 (C-D), UASp-Hts::mCherry (E-F), or UASp-Baz::GFP (G-H), immunostained for a-
997  Tubulin (aTub, magenta, A-F) and B-galactosidase (A-B), GFP (C-D, G-H), or mCherry
998 (E-F) to visualize the tagged proteins. Asterisks denote cap cells. Scale bars = 5um. (I-
999 J) Quantification of fusome area in round (1) and stretched (J) fusome morphologies. (K)
1000  Quantification of the number of GSCs per germarium, as a readout of GSC self-
1001  renewal. (L) Quantification of cell cycle progression via fusome morphology. Numbers in
1002  bars represent number of GSCs (I-J,L) or germaria (K). Error bars represent s.e.m.
1003  Controls (solid bars) were compared to Tnpo-SRRNAi alone (white striped bars), while
1004  Thpo-SRRNAi glone was compared to Tnpo-SRRNA combined with over-expression of the
1005 indicated gene of interest (stripes with colors) using Student’s two-tailed T-test (I-K)
1006  [(***)p<0.00001, (**)p<0.0001] or Fishers Exact test (L) [(**)p<0.001, (*)p<0.01].
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Table 1: Summary of rescue phenotypes in Tnpo-SR-depleted GSCs. Original data
(Figure 7) is summarized, indicating the raw data for average (Avg.) GSC per germaria,
pixelated area of round and stretched fusomes, and the percentage of GSCs in G1
when the cell cycle was quantified based on fusome morphology. P-value statistics were
determine by comparisons made using Student’s two-tailed T-test For Avg. GSC and

fusome measurements [(***)p<0.00001, (**)p<0.0001] or Fishers Exact test (%G1)
[(**)p<0.001, (*)p<0.01] for fusome morphology data.
Round Stretched Cell Cycle
Fusome Fusome Avg. GSC Phase

Area | P-value | Area | P-value | GSC# | P-value | %G: | P-value

Control vs. Tnpo-SRRNAI

0,
Tnpo-SRRNAI 27 ose9 |49 1405 |16 |35E-18 |28% | 00019

(***) (***) (***) (**)
Tnpo-SRRNAi yvs, UASp-O/E ; Tnpo-SRRNAI
UASp-Asp 2.52 10.342 5.02 | 0.779 1.537 | 0.396 32% | 0.539

UASp-Sti 3.18 | 0.018 5.5 0.029 1.56 | 0.507 25% | 0.629

UASp-Kip10A 2.24 | 0.012 4.6 0.140 1.62 | 0.877 35% | 0.361

0,
UASp-Nod 3.07 | 0.039 (58) 0.0001 (2,;3) 1.2E-9 (13;/" 0.014
UASp-Msps 298 | 0132 |53 |0.088 (2,;1) 4.4E-11 | 29% | 0.999
o)
UASp-Hts 33 1g7e5 29 00001 |27 |asE-20 | 137 | 0014
(***) (*") (**") )
0,
UASp-Baz ?7) 11E-8 f,;fi) 3.0E-5 (2,;3) 8.2E-16 (11)/ 0.004
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1036  Table 2. Reagents. List of fly lines and antibodies used in this study.
Drosophila Strains
Available
Shorthand Genotype Description From
. w(1118];
20363'4"\/'31 P{w[+mC]=GAL4::VP16- germline-specific Gal4 | BDSC #4937
nanos.UTR}CG6325[MVD1]
i _ ) . expresses 3-gal under
UASp-LacZ P{w[+mC]=UASp-lacZ}1, w[*] UASp control BDSC #98113
y[1] sc[*] v[1] sev[21];
Expresses dsRNA for
Tnpo-SRRNA P{y[+t7.7] RNAi of Tnpo-SR BDSC #56974
V[+t18]=TRIPHMC04414}attP4 under UAS Control
0
UASz- P{UASz-HA-Tnpo-SR}2.1 (T)r‘]’e;‘fgg‘ivﬁfr']ogsf,\l Beachum et al.
HA:Tnpo-SR | attP40 po 2023
Terminus HA tag
Expresses GFP- Gift from A.
Scrib-GEP w[*]; P{w[+mC]=PTT— tagggd §Crlbble . Spradling
GA}scrib[CA07683] protein in the native
pattern BDSC #94708
Expresses GFP-
Rtin::GFP Rtnl1-GFP[G00199] tagged reticulon Gift from B.
protein in the native Riggs
pattern
w1118; P{UASp-GFPEZ2f.1- Expresses E2f and
230}26P{UASp- CycB degrons fused
FUCC mRFP1.CycB.1- to fluorescent BDSC #55100
266}81;MKRS/TM6B, Tb+ proteins.
.. . i Overexpression of
UASp-mCh.sti | V[T Piwl*mCI=UASp Sticky (Sti)witha N | BDSC #81648
ChFP.sti}20/CyO "
Terminus mCherry tag
Overexpression of
UASp- W[*: P{y[+t7.7] w[+mC]=UASp- | Abnormal Spindle
: BDSC #65859
Asp.GFP asp.GFP}attP2 (Asp) witha C
Terminus GFP tag
UASp- yw; Sp/CyO; UASp-Kip10A- gl“’ﬁrg;ﬁ’;ﬁﬁsfg of Gift from V.
Kip10A.GFP GFP-SspB(w+) (M2, II)/(TM3) Terminus GFP tag Gefland

37


https://doi.org/10.1101/2025.03.10.642432
http://creativecommons.org/licenses/by-nc-nd/4.0/

available under aCC-BY-NC-ND 4.0 International license.

bioRxiv preprint doi: https://doi.org/10.1101/2025.03.10.642432; this version posted March 13, 2025. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made

Overexpression of

UASPp- w; UASp-CFP-Msps-CDS 96E | Mini Spindles (Msps) | Gift from V.
Msps.GFP (11)/TM6B with a C Terminus Gefland
GFP tag
. Overexpression of
UAS w[*]; P{w[+mC]=UASp- Non Distributive
p- th::nod::/aCZ}3/TM3, Sb[1] Disjunction (NOd) BDSC #29723
Nod.LacZ : .
with a C Terminus -
gal tag
UASp- w[']; Piw[+mC]=UASp- Overexpression of Hts | Cift from T.
hts.mCherry}attP2 with a C Terminus Harris
His.mCh mCherry tag BDSC #66171
UASp- w['l; Overexpression of
Baz::GEP P{y[+t7. 7] w[+mCJ]=UASp- Bazook_a (Baz) with a BDSC #65845
baz.C.GFPjattP2 C Terminus GFP tag
y[d2] w[1118] P{ry[+t7.2]=eyFL
P.N}2 P{ry[+t7.2]=-GMR-
Tnpo- lacZ.C(38.1)}TPN1; P{y[+mDint | Tnpo-SRX® mutant KDSC
SRKG04870 2]w[BR.E.BR]=SUPor allele #111581
P}TrnSR[KG04870] P{ry[+t7.2]
=neoFRT}40A / CyO, y[+]
Gift from D.
HsFIp;Frtd0A | hsFLP;(FRT40A.ubiGFP/cyo) Flp;FRT Clonal driver | Drummond-
Barbosa
Antibodies
Available
Abbreviation Animal and Clonality From
GFP Chicken, polyclonal Abcam
#AB_13970
RFP Rabbit, polyclonal Clontech
#632496
B-Gal Chicken, polyclonal Abcam
#AB_9361
PHH3 Rabbit, polyclonal Millipore #06-
570
Hts (1B1) Mouse, monoclonal DSHB
#AB_528070
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a-Spectrin (3A9) Mouse, monoclonal DSHB
#AB_528473

Lamin C (LC28.26) Mouse, monoclonal DSHB
#AB_528339

Lamin B (ADL84.12) Mouse, monoclonal DSHB
#AB_528338

o-Tub 555, 647 Mouse, monoclonal Millipore
#05829-555

Hemagglutinin (HA) Rat, monoclonal Roche Tech.
#1186742300
1

Asterless (Asl) Guinea Pig, monoclonal | Gift from N.
Rusan

Pericentrin-Like-Protein (Plp) Rabbit, monoclonal Gift from N.
Rusan

EdU Click-iT Kit Invitrogen
#C10638
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