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Abstract
A major limitation in neurobiology is the inability to precisely track in vivo neuronal morphology over time. Tandem
dimer Eos (TdEOS), a fluorescent photoconvertible protein under UV light, enables visualization and quantification of
morphological changes between timepoints in a single animal. We optimized this using the Drosophila Moonwalker
Descending Neuron (MDN), which undergoes morphological changes and is genetically accessible. By expressing TdEOS
in MDNs, we demonstrated successful in vivo photoconversion, confocal imaging, and quantification of dendrite
morphology changes between two timepoints in the same animal. Ultimately, TdEOS provides a targeted, accessible tool
for tracing complex neuronal morphology overtime in vivo.
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Figure 1. TdEOS allows visualization of morphological changes during Drosophila MDN development:

A) Schematic showing the TdEOS method protocol. The flies are reared in the dark at 25°C. At 72 hours ALH, larvae are
exposed to 405 nm UV light for 20 minutes. Half the larvae are dissected immediately after light exposure, while the other
half are aged for an additional day (96 hours ALH). The dissected larval brains then undergo confocal imaging. B)
Schematic of MDN photoconversion timeline and morphology. C) Schematic of quantification. D) 3D projection of
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microtubule TdEOS signal: MDN hemi-neurite labeled both green and magenta. White arrows show the extend of
dendrite visualization and photoconversion. Scale bar, 10µm. E) 3D projection of myristoylated TdEOS: MDN hemi-
neurite dissected at 72 hours ALH vs. 96 hours ALH. White dashed line outlining magenta hemi-neurite signals. Yellow
arrows shows new growth. Scale bar, 10 µm. F) Areas of the MDN hemi-neurite green and magenta signals from animals
dissected at 72 and 96 hours. G) Quantification of myristoylated TdEOS average area green to magenta ratio of the MDN
dendrites at 72 hours (blue) and 96 hours (yellow) ALH.  Green to magenta ratio statistics: t-test, p < 0.0001, n = 7-8
MDN hemi-neurite. H) Quantification of myristoylated TdEOS average area green minus magenta of the MDN dendrites
at 72 hours (blue) and 96 hours (yellow) ALH. Green minus magenta statistics: t-test, p < 0.0001, n = 7-8 MDN hemi-
neurites.

Description
Established imaging techniques, including long-term live-cell imaging of standard fluorescent reporters like GFP or
mCherry, have been helpful for visualizing basic neuroanatomy but require complicated setups for dynamic tracking of
neuronal structures overtime, particularly in vivo. These specific hurdles are keeping the tissue alive and preventing
photobleaching. Here, we present a targeted approach that allows long-term tracking of neuronal growth in Drosophila
melanogaster, utilizing the tandem dimer Eos (TdEOS), a photoconvertible fluorescent protein, and a standard confocal
microscope (Betzig et al., 2006; Wiedenmann et al., 2004). TdEOS irreversibly converts from green to red emission upon
targeted exposure to 405 nm light – effectively taking a snapshot of the protein expression at one timepoint, while
maintaining real-time expression of the green signal provided from new protein being made (Betzig et al., 2006;
Wiedenmann et al., 2004). This provides a visual marker differentiating the UV light exposure time point from all other
time points - enabling the strict temporal isolation of neuronal morphology at a specific developmental stage of interest
while allowing comparisons to the real-time morphology in the same animal.

Photoconversion techniques are not novel in Drosophila, and have been proven to be highly useful. A popular example is
Calcium-Modulated Photoactivatable Ratiometric Integrator (CaMPARI), which has been successfully used to label
functional neuronal synaptic partners in the larvae and adults (Carreira-Rosario et al., 2018; Edwards et al., 2020; Lee et
al., 2025; Moeyaert et al., 2018). The technique utilized here, TdEOS, has been used to study rapid dendritic growth in
ddaC neuron dendrites, using live confocal imaging with larval and pupal dissections at 0 minutes and 30 minutes post-
light exposure (Bu et al., 2021). Given that it is well-documented that neuronal morphology can change across an animal’s
life, we hypothesized that this TdEOS technique could be further optimized to also track long-term morphology changes,
in addition to rapid growth. To investigate this, we utilized the Drosophila Moonwalker Descending Neurons (MDNs)
since they undergo morphology changes throughout life and are genetically accessible (Carreira-Rosario et al., 2018).

Our novel TdEOS technique is unique in its ability to easily view real-time dynamic changes in neuronal morphology at
very different timepoints. Here, we optimized for 24 hours between the initial UV light exposure/photoconversion and
standard confocal imaging (Figure 1A, B). We expressed TdEOS specifically in the Moonwalker Descending Neurons
(MDNs) using an MDN-GAL4 driver. When MDN expresses the TdEOS transgene, MDN is labeled with GFP (i.e. green
signal), regardless of photoconversion occurring. Larvae were reared at room temperature (25 °C) and in the dark until 72
hours after larval hatching (ALH), when larvae were exposed to 405 nm UV light (Figure 1A), making MDN
photoconvert to magenta (581 nm “red” signal pseudo colored magenta, henceforth referred to as magenta; Figure 1B).
After photoconversion, the larvae were sorted into two equal groups. Half of the larvae were immediately dissected and
imaged after photoconversion at the 72-hour timepoint. The remaining half of the larvae were stored at room temperature
on standard food and were dissected and imaged at the 96-hour timepoint. For all these animals, there are two signals
labeling different versions of MDN: the magenta (photoconverted) signal is a snapshot of what MDN looks like at 72
hours ALH, while the green (non-photoconverted) signal is what MDN looks like in real-time (Figure 1B). We scored
photoconversion using these signals, as no magenta signal meant the photoconversion did not occur; we only proceeded
with animals that had both signals, which occurred over 80% of the time using our experimental setup. 

Additionally, quantification of this data is simple because the comparisons are being made between two signals in the
same animal. To start, we measured the area of the magenta signal (photoconverted) and green signal (non-
photoconverted) (Figure 1C). We quantified this data two different ways. First, we divided the green average area of a
MDN dendrite by the magenta average area of the same MDN dendrite. This gives us a ratio of “new” green (non-
photoconverted) signal over “old” magenta (photoconverted) signal, meaning a ratio of greater than one demonstrates that
there is more “new” MDN dendritic material at 96 hours ALH than the “old” MDN signal from the photoconversion at 72
hours ALH (Figure 1C). Alternatively, we subtracted the “new” green (non-photoconverted) signal MDN dendritic
material area by the “old” magenta (photoconverted) signal area of the same MDN dendrite. For this quantification, a
positive value demonstrates that there is more “new” MDN dendritic material at 96 hours ALH than the “old” MDN signal
from the photoconversion at 72 hours ALH, indicating that growth occurred between the 405 nm light exposure and
dissection timepoint (Figure 1C).

Next, we investigated how the MDN dendrites are changing between 72 and 96 hours ALH using the TdEOS
experimental and quantification protocols described above (Figure 1A-C), with a goal to study secondary and tertiary
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dendrite dynamics and volume over time. We used two different transgenic versions of TdEOS: a microtubule-tagged
version and a myristoylated (myr; membrane) version. First, we used the microtubule::TdEOS transgene, but this TdEOS
variant only labeled the primary neurite, with minimal expansion into the secondary or tertiary dendrites of MDN (Figure
1D). While interesting biologically, we moved forward experimentally with the myr::TdEOS transgene, which labels the
whole plasma membrane and successfully labeled the entire volume of the MDN dendrites (Figure 1E). After imaging the
72hr and 96hr old animals, we quantified the areas of the green (non-photoconverted/ “new”) dendritic region and the
magenta (photoconverted/ “old”) dendritic region (Figure 1F). As anticipated, at 72 hours ALH, immediately after UV
light exposure, the MDN dendrites look the same in the photoconverted magenta and the non-photoconverted green
signals (Figure 1E, F). This demonstrates that photoconversion is occurring immediately after illumination. Importantly, in
animals dissected at 96 hours ALH, the signal photoconverted at 72 hours ALH has a similar area to the animals that were
dissected at 72 hours ALH (Figure 1F). This demonstrates that between 72 and 96 hours ALH, the photoconverted signal
strength is maintained, and it retains the dendritic morphology present when the photoconversion occurred. Using these
data, we asked whether MDNs dendrite morphology is changing between 72 and 96 hours ALH. At 96 hours ALH, the
green non-photoconverted/real-time signal clearly extends outside of the domain of the magenta photoconverted signal
(Figure 1E). In support of this, the green/magenta ratio was significantly increased at 96 hours compared to 72 hours ALH
(Figure 1G). Additionally, the difference in green and magenta area were significantly increased at 96 hours compared to
72 hours ALH (Figure 1H). Taken together, this indicates localized de novo synthesis of MDN dendritic material between
72 and 96 hours ALH, which is localized in the tips of the dendritic region. Further studies would be needed to elaborate
on the biological process governing this. 

Understanding the neural mechanisms underlying specific behaviors in Drosophila melanogaster, such as locomotion,
mating, and aggression, relies heavily on the precise characterization of their governing neuronal circuits. While genetic
manipulations have successfully identified the neurons critical to these behaviors, defining their morphological and
developmental dynamics in vivo has remained difficult. The data presented here demonstrates a novel way to use the
photoconvertible protein TdEOS to bridge this gap. By offering a straightforward protocol, simplified genetic
requirements, robust tissue viability, and minimal photobleaching, it provides a highly accessible alternative to traditional
live-cell imaging. Ultimately, these advantages establish TdEOS as a powerful and practical tool for capturing neuronal
morphology across critical developmental timepoints. Although the data is not shown, we saw photoconversion in the
axonal region of the MDN as well, suggesting that this protocol would be equally effective at measuring axonal dynamics
overtime. Given the evolution of the GAL4-UAS system in Drosophila, we also believe that this technique can be utilized
for studying any individual neuron or glia in larval or adults.

Methods
Fly husbandry

Flies were either from crosses between the larval MDN-Gal4 driver and myristoylated TdEOS or microtubule TdEOS. All
comparisons between groups were based on studies with flies grown, handled, and tested together at 25°C.

 

Fly genetic reagents:

Myristoylated TdEOS - UAS-myr::TdEOS (attp40) (BDSC# 32227)

Microtubule TdEOS - UAS-alphaTub84B.tdEOS (attp40) (BDSC# 51313)

Larval MDN-Gal4 driver - SS01613-Gal4 (GMR22H02_AD attp40; GMR23E07_DBD attp2) (Carreira-Rosario et al.,
2018)

 

TdEOS protocol

Flies were reared in a dark box to prevent light exposure. After a two-day accumulation, embryos were collected
overnight. The next day, newly hatched larvae were collected within a two hour window. These larvae were transferred to
small containers of standard fly food and reared in a dark box. At 72 hours after larval hatching (ALH), larvae were
transferred to an 3% agar surface, with no food and a mesh lid secured with parafilm; ensuring both air flow and that no
larvae escape. The 49 mm agar cap with about 30 larvae was put under a stereoscope microscope (AXIO Zoom.V16) and
the larvae were exposed to the DAPI 405 nm light for 20 minutes. If done correctly, this will photoconvert the GFP signal
to red, although the GFP expression will be maintained. After the exposure, half of the larvae were left on the agar cap so
they could be dissected, while the other half transferred back to standard food to be dissected at a later timepoint – these
larvae were continuously reared in the dark.

The central nervous systems (brain and ventral nerve cord) from two larvae were dissected, handled and imaged together.
The larvae were dissected in Hemolymph-Like buffer 3 (HL3) and mounted on Poly-L-Lysine Cellware 12mm round
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coverslips (Corning 354085). Prolong Glass Antifade Mountant 2mL (Invitrogen P36982) was used as a mounting
medium and the samples were immediately imaged on a Zeiss 900 AiryScan microscope.

 

Image Processing

For color blind people, the red signal was changed to magenta for visualization.

 

Quantification of dendrite area

Using Fiji (Schindelin et al., 2012), the polygon selections tool was used to trace each dendrite individually, and the area
was recorded. For each dendritic hemi-segment, the area of each channel was calculated on three slices using the measure
tool. The slices selected were the middle slice of the dendritic region, and then one slice anterior and posterior. The
average of the 3 slices for each channel was calculated. Then, the average areas for each channel (average magenta area
and average green area) per dendrite were quantified by dividing green average area by magenta average area to get a ratio
and subtracting green average area by red average area to get an absolute difference.

 

Statistics

T-tests were performed using GraphPad Prism 10.

Acknowledgements: We thank Peter Newstein for comments on the manuscript. Stocks obtained from the Bloomington
Drosophila Stock Center (NIH P40OD018537) were used in this study. This article is subject to HHMI’s Open Access to
Publications policy. HHMI lab heads have previously granted a nonexclusive CC BY 4.0 license to the public and a
sublicensable license to HHMI in their research articles. Pursuant to those licenses, the author-accepted manuscript of this
article can be made freely available under a CC BY 4.0 license immediately upon publication.

References
Betzig E, Patterson GH, Sougrat R, Lindwasser OW, Olenych S, Bonifacino JS, et al., Hess. 2006. Imaging Intracellular
Fluorescent Proteins at Nanometer Resolution. Science 313: 1642-1645. DOI: 10.1126/science.1127344

Bu S, Yong WL, Lim BJW, Kondo S, Yu F. 2021. A systematic analysis of microtubule-destabilizing factors during
dendrite pruning in Drosophila. The EMBO Reports 22: 10.15252/embr.202152679. DOI: 10.15252/embr.202152679

Carreira-Rosario A, Zarin AA, Clark MQ, Manning L, Fetter RD, Cardona A, Doe CQ. 2018. MDN brain descending
neurons coordinately activate backward and inhibit forward locomotion. eLife 7: 10.7554/elife.38554. DOI:
10.7554/eLife.38554

Edwards KA, Hoppa MB, Bosco G. 2020. The Photoconvertible Fluorescent Probe, CaMPARI, Labels Active Neurons in
Freely-Moving Intact Adult Fruit Flies. Frontiers in Neural Circuits 14: 10.3389/fncir.2020.00022. DOI:
10.3389/fncir.2020.00022

Lee K, Rico Carvajal N, Graciani J, Doe CQ. 2025. Hunchback functions in the postmitotic larval MDN to restrict axon
outgrowth, synapse formation, and backward locomotion. Genes & Development 40: 255-266. DOI:
10.1101/gad.353223.125

Moeyaert B, Holt G, Madangopal R, Perez-Alvarez A, Fearey BC, Trojanowski NF, et al., Schreiter. 2018. Improved
methods for marking active neuron populations. Nature Communications 9: 10.1038/s41467-018-06935-2. DOI:
10.1038/s41467-018-06935-2

Schindelin J, Arganda-Carreras I, Frise E, Kaynig V, Longair M, Pietzsch T, et al., Cardona. 2012. Fiji: an open-source
platform for biological-image analysis. Nature Methods 9: 676-682. DOI: 10.1038/nmeth.2019

Wiedenmann Jr, Ivanchenko S, Oswald F, Schmitt F, Röcker C, Salih A, Spindler KD, Nienhaus GU. 2004. EosFP, a
fluorescent marker protein with UV-inducible green-to-red fluorescence conversion. Proceedings of the National Academy
of Sciences 101: 15905-15910. DOI: 10.1073/pnas.0403668101

Funding: 
 Supported by Howard Hughes Medical Institute (United States) to CQD.

 Supported by Eunice Kennedy Shriver National Institute of Child Health and Human Development (United States) F32
HD105344 to KML.

Conflicts of Interest: The authors declare that there are no conflicts of interest present.

Author Contributions: Natalie Rico Carvajal: data curation, formal analysis, methodology, validation, visualization,
writing - original draft. Chris Q Doe: supervision, writing - review editing. Kristen M Lee: conceptualization, supervision,

 

10/21/2026 - Open Access

https://doi.org/10.1126/science.1127344
https://doi.org/10.15252/embr.202152679
https://doi.org/10.7554/eLife.38554
https://doi.org/10.3389/fncir.2020.00022
https://doi.org/10.1101/gad.353223.125
https://doi.org/10.1038/s41467-018-06935-2
https://doi.org/10.1038/nmeth.2019
https://doi.org/10.1073/pnas.0403668101


writing - review editing.

Reviewed By: Anonymous

Nomenclature Validated By: Anonymous

History: Received August 18, 2026 Revision Received October 8, 2026 Accepted October 15, 2026 Published Online
October 21, 2026 Indexed November 4, 2026

Copyright: © 2026 by the authors. This is an open-access article distributed under the terms of the Creative Commons
Attribution 4.0 International (CC BY 4.0) License, which permits unrestricted use, distribution, and reproduction in any
medium, provided the original author and source are credited.

Citation: Rico Carvajal N, Doe CQ, Lee KM. 2026. A novel technique for visualizing in vivo dynamic neuronal changes
during Drosophila development. microPublication Biology. 10.17912/micropub.biology.002359

 

10/21/2026 - Open Access

https://doi.org/10.17912/micropub.biology.002359

