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Abstract

Microtubule dynamics influence neuron morphogenesis. We investigated the role of the conserved microtubule-associated
protein Mini Spindles (Msps) in the morphogenesis of branched dendrite arbors using Drosophila melanogaster larval

class IIT and class IV dendritic arborization neurons as two models of branch organization. In both classes, knocking down

msps expression reduced dendrite branching but increased terminal dendrite length. In mspsR¥! class IV da neurons,

dendrite growth failed to scale in proportion to increasing larval size between the second and third instar. These results
suggest that Msps is required for the dynamic expansion of dendrite arbors during periods of rapid organismal growth.
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Figure 1. Loss of msps causes reduced dendrite branching and elongated terminal dendrites:

A-C. GFP-labeled ddaC neurons from abdominal segment A2 or A3 in live ppk-GAL4>control (yw), >UAS—mspsRNAi'1,

and >UAS-mspsRMAi-2 Jarvae. Ultra-long terminal dendrites (length greater than 3 6 from the mean length of control
dendrites) are indicated with black triangles. D-E. Quantification of terminal dendrite numbers in ddaC neurons from A2
and A3 of 46-48h AEL, 70-72h AEL, and wandering third instar (w3i) larvae. F. Quantification of average terminal
dendrite length. G-H. GFP-labeled ddaA and ddaF neurons from A2 or A3 in live 1003.3-GAL4>control (yw) and >UAS-

mspsRNAi'l larvae. Images include regions from four adjacent image tiles; because tiles were captured in series and live
larvae may shift during imaging, some regions appear offset. Arrowheads indicate regions of increased spike length in
mspsRNAL arbors; arrows indicate regions of diminished spike density compared to controls. I. Quantification of spikes
per 100pm of primary dendrite length. J. Quantification of average spike length. In D and I, circles represent the absolute
number of termini or the spike density in a neuron. In F and J, circles represent the average terminal dendrite or spike
length in a neuron. In D, F, I, and J, horizontal lines indicate the mean, and small number labels within the graph indicate
the number of neurons analyzed. Scale bar in A and G = 100pm. *, p<0.05; **, p<0.01; ***, p<0.001; n.s., not significant

using Student’s t-test with Welch correction (D-F) or Mann-Whitney test (I-J).

Description

Neurons modify their structure and connectivity throughout their development in response to shifting internal and
environmental cues. These changes require cytoskeletal rearrangements, and many previous studies have identified
cytoskeleton-associated proteins as mediators of structural adaptation and refinement (Ouzounidis et al., 2023).
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Drosophila melanogaster larval dendritic arborization neurons (da neurons) are a valuable model for investigating the role
of cytoskeletal regulators in neuron morphogenesis due to their complex branching patterns and their accessibility for
imaging. In embryos and larvae, four classes of abdominal da neurons extend dendrites across cutaneous receptive fields
to detect distinct environmental stimuli (reviewed in Singhania & Grueber, 2014). Class IV da neurons (C4da) and class
IIT da neurons (C3da) have the most complex arbors but differ in branching structure. C4da neurons adopt an ordered
branching structure, where primary dendrites bifurcate to form higher-order branches. In contrast, C3da arbors have long
primary branches decorated with short, unbranched filopodial extensions (“spikes”) that emerge roughly perpendicular to
the parent branch (Fig. 1A and 1G; Grueber et al., 2002). In both neuron subtypes, terminal dendritic processes exhibit
dynamic extension and retraction during larval stages (Grueber et al., 2003; Tsubouchi et al., 2012).

The microtubule plus end-associated polymerase Mini Spindles, a homolog of Xenopus XMAP25, was previously
identified as a positive regulator of dendrite branch morphogenesis in C4da neurons (Das et al., 2017; Misra et al., 2016)
and dendrite pruning during metamorphosis (Tang et al., 2020). We sought to further characterize the role of msps in da
neurons during larval growth by examining the effects of reduced expression. To knock down msps, we used the C4da-

specific driver pickpocket-Gal4 (ppk-Gal4) or the C2/C3da-specific driver 1003.3-Gal4 to drive expression of two msps-

RNAI-15 RNAI-25

interfering shRNAs (“msps and “msps ) via an upstream activating sequence.

In wandering third instar larvae, loss of msps activity caused a decrease in the number of terminal branches within the
dendrite arbor of the ddaC neuron, a C4da neuron positioned within the dorsal da neuron cluster (Fig. 1B-D). This result

was consistent with previously reported findings (Das et al., 2017; Misra et al., 2016; Tang et al., 2020). The severity of

the effects varied between shRNAs, with mspsRNAi'l eliciting a stronger effect (37% reduction) and mspsRNA’.'2 eliciting a

mild but statistically significant effect (9% reduction). When we compared the number of dendritic termini at 48h and 72h
after egg laying (AEL) to our results from wandering third instar (112-120h AEL), we found that the number of termini
increased at each time point in control neurons but remained constant for mspsR¥A-! neurons (Fig. 1E). These findings
support the conclusion that Msps is essential for the addition and/or maintenance of new branches during the period of
“scaling growth”, 48h-120h AEL, when neuron arbors expand so their receptive fields can keep up with increasing larval
surface area (Parrish et al., 2009). Previous studies have identified Msps as a regulator of acentrosomal microtubule
nucleation (Deng et al., 2021); others have found that acentrosomal microtubule nucleation is essential for dendrite branch
growth and stabilization (Ori-McKenney et al., 2012). Msps may be part of the molecular infrastructure that links these
processes.

RNAL-L apnd mspsRNAi'Z C4da neurons occasionally exhibited very long terminal branches. The

RNAi-2

We also observed that msps

average terminal dendrite length was significantly higher in msps
RNAi-1

neurons than control (23% increase; Fig. 1F). This

was not true in msps neurons; however, the effect may have been masked by severely depleted arbors overall.
Together, our results suggest that Msps may function to promote the initiation of higher order dendrite branches while
simultaneously protecting against excessive growth or erroneous maintenance of existing dendrites.

To determine if Msps plays a similar role in other neuronal subtypes, we examined the impact of knocking down msps
expression in C3da neurons. As in C4da neurons, expression of the shRNA mspsRNAi'l caused a reduction in the total

number of branches — in this case, spike-like filopodia — in the dorsal class III neuron ddaA. This resulted in a decrease in

spike density (29% reduction; Fig. 1G-H, I). In addition, the average length of spikes increased in mspsRNA! ddaA

neurons, echoing earlier observations in dorsal C4da neurons (33% increase; Fig. 1G-H, J). Further investigations will be

required to confirm these results in mspsRNA-2 neurons. Of note, previous studies found that the distribution of

cytoskeletal components varies in these two da neuron subtypes (Andersen et al., 2005; Tsubouchi et al., 2012). In C4da
neurons, microtubules are present throughout the arbor; in C3da neurons, however, the filopodial spikes that protrude from
primary dendritic branches are notably actin-rich and microtubule-poor. Our observations suggest that microtubule-
associated proteins like Msps may significantly impact the growth and stability of these actin-based structures despite
their relatively low microtubule content.

In conclusion, our findings suggest that the microtubule plus-end polymerase Mini Spindles promotes branch initiation
and limits terminal dendrite growth in both C4da and C3da neurons during the period of scaling growth in Drosophila
larvae. It is yet unclear whether Msps restricts terminal dendrite length by preventing excessive growth or by inhibiting
maintenance. Tang and colleagues (2020) found that loss of msps function led to excessive maintenance of dendrites and a
failure of pruning in C4da neurons during metamorphosis. They attributed this change in stability to the randomization of
microtubule orientation in dendrites, a phenomenon that has also been linked to defects in branching (Sears & Broihier,
2016). Future studies may investigate whether Msps protects against excessive maintenance and stabilization of terminal
dendrites to enable dendrite flexibility for growth, retraction, and branch initiation during the dynamic process of scaling
neuron growth in Drosophila larvae.
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Methods

Drosophila strains and genetics

D. melanogaster stocks were reared on Nutri-Fly Instant or Nutri-Fly Bloomington Formulation media. Crosses were
performed at 25°C for analysis of C4da neurons or at 29°C for analysis of C3da neurons. The following stocks were used:
ppk-GAL4, UAS-CD4-GFP and 1003.3-GAL4; UAS-mCD8-GFP (shared by Elizabeth Gavis, Princeton University); UAS-

mspsHMS01906 («yAS-mspsRNAI-L iy the text) and UAS-msps’F01613 (“UAS-mspsRNAI"2» i the text) (Bloomington
Drosophila Stock Center). In all experiments, yw flies served as the control.

Microscopy

Images were obtained using 20X/0.7 NA air and 40X/1.23 NA oil objectives on a Zeiss LSM710. For live imaging of
GFP-expressing neurons, an imaging chamber was created by adhering two small (22x22mm) coverslips 5-7mm apart on
a glass slide. Larvae were mounted between the two coverslips in a 1:2:2 mix of chloroform, halocarbon 95, and
halocarbon 200. A long (24x50mm) coverslip was placed on top of the sample and held in place with laboratory tape.
Dorsal C3da (ddaA and ddaF) or C4da (ddaC) neurons were imaged from abdominal segments 2 and 3. Neurons were
imaged using tiled capture and automatic stitching. Images of C3da neurons comprised four tiles with overall dimensions
of 850x850 pm. Images of dorsal C4da neurons include two tiles with overall dimensions of 425x850 pm. For C4da
neurons, the imaging field typically included the dorsal, anterior, and posterior edges of the dendritic arbor but not
branches extending ventrally from the cell body.

Quantitative image analysis

All quantitative image analysis was carried out using ImageJ (v2.1.0/1.53c). The Cell Counting plugin was used to count
and mark all dendrite termini within the imaging field. For C3da neurons, the total number of termini was divided by the
length of the primary dendrites to obtain a measure of spike density. Dendrite length was measured using the NeuronJ
plugin (Meijering et al., 2004). For Class IV neurons, all terminal dendrites dorsal to the cell body within the image field
were measured on neuron ddaC. For Class III, all spikes from neuron ddaA within the image field were measured. A range
of 7-19 neurons from 3-6 larvae were analyzed for each experiment.

Reagents

Reagent o .

Type Description Source Identifiers |Reference

lnz‘elano aster ppk-GAL4, UAS- Gift from Elizabeth Gavis, Princeton BDSC_35836 (Bhogal et al., 2016)

ne e 9T CD4:tdGFPYROO | University BDSC_32079| " O8% €t

D. 1003.3-GAL4; UAS- | Gift from Elizabeth Gavis, Princeton . (Hughes & Thomas,

melanogaster . . FBti0128079 |2007; Lee & Luo,
mCD8-GFP University

stock 1999)

D. UAS-

;rzce)lcinogaster CD4:tdGEPVK0003 Bloomington Stock Center BDSC_35836 | (Han et al., 2011)

g‘elano aster UAS- Bloomington Drosophila Stock Center BDSC 38950 (Misra et al., 2016;

stock g mspsRNA{HMS01906 | (Transgenic RNAi Project) - Das et al., 2017)

ﬂelano aster |0 Bloomingfon Drosophila Stock Center 1 p1,g 511351 (Gag et al., 2024)

stock g mspsRNAj/F01613 (Transgenic RNAi Project) - N

D.

melanogaster | yw Laboratory stock

stock
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