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ABSTRACT

The endolysosomal system is critical for protein homeostasis in cells. A common way of studying protein
transport and degradation (e.g. via autophagy) is by labeling vesicular structures such as endosomes,
autophagosomes, lysosomes, or model substrates with fluorescent tags or by fluorescent antibody
staining. Detailed analyses require quantification of hundreds of structures under various conditions.
Typically, the images are analyzed individually with software such as the widely available Fiji/ImageJ
(https://imagej.net/Fiji/Downloads), adjusting and thresholding each image and channel independently,
which is a very labor intensive and fastidious task. To streamline the process, we developed a plug-in
that, integrated into Fiji, enables the automated quantification of vesicular (i.e. punctate) structures.
Importantly, the process still allows the operator to evaluate and have control over all the phases of
quantification process.

Abbreviations: CMA: chaperone-mediated autophagy; CSV: comma separated values; eMI: endosomal
microautophagy; Fiji: Fiji is just ImageJ; MA: macroautophagy; SParQ: Streamlined Particle Quantification
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Introduction

Autophagy is a catabolic pathway that occurs in all eukaryotic
organisms analyzed to date and is critical for the maintenance
of cellular homeostasis. This is reflected by its association with
a large array of pathologies and dysfunctions, including car-
diovascular, neurodegenerative, cancer as well as aging asso-
ciated diseases [1-3]. Methods to measure autophagy or
vesicular transport in general are very sought after and are
frequently based on the analysis of punctate structures in
fluorescent micrographs [4,5].

Three types of autophagy have been identified in mamma-
lian cells: Macroautophagy (MA), chaperone-mediated autop-
hagy (CMA), and endosomal microautophagy (eMI). MA can
selectively degrade organelles or aggregated proteins, but
selective degradation of single proteins has mostly been
described for CMA and eMI [6-8]. CMA and eMI can speci-
fically degrade proteins containing KFERQ-related targeting
motifs [8,9].

To date, quantification of punctate structures such as
autophagosomes, endosomes, or lysosomes using Fiji/
Image] [10] requires repetitive tedious manual step by
step processing of images of genotypes or samples of inter-
est treated by different means, which makes the analyses of
a high number of cells very time consuming. For example,
using a KFERQ-tagged fluorescent biosensor, we have iden-
tified an eMI-like pathway in Drosophila. Upon eMI activa-
tion, this biosensor localizes to late endosomes/lysosomes
in an ESCRT machinery-dependent manner [11]. More

specifically, the sensor consists of a KFERQ targeting
motif of RNAseA fused to a photoactivatable mCherry
and is expressed tissue-specifically under the control of
Gal4-UAS system [11,12] which allows us to visualize the
formation of sensor puncta (i.e. its localization to endo/
lysosomes) under various experimental conditions and tis-
sues in pulse-chase type of experiments. Typically, we
simultaneously express UAS-GFP-HsLAMP1 to mark
(endo)lysosomes in the larval fat body (Figure 1). Using
these two markers we are able to visualize by fluorescent
microscopy how both the lysosomal and the endosomal
pathway are responding to different experimental condi-
tions and to assess sensor puncta formation in various
genetic backgrounds.

With the tools currently available for quantification,
individual images are manually opened, separately thre-
sholded for the both red and green channels, followed by
analyses of particles for these channels. This workflow is
tedious, and we thus decided to automate the process
developing the Streamlined Particle Quantification
(SParQ) software. First of all, this plug-in enables research-
ers to open and process many images sequentially, surpass-
ing the need to open each image individually. Second, the
program automatically opens the channel of interest of the
original window for reference side by side with a duplicate
image and a small convenient thresholding window. This
strategy has the advantage that the researcher can proof the
process. Lastly the software automatically counts the parti-
cles on the image without the need to go through the
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Figure 1. eMl in Drosophila fat body. (A) eMl is typically analyzed using a biosensor consisting of a KFERQ-targeting motif fused to a photoactivatable mCherry that is
co-expressed with an (endo)lysosomal marker consisting of a fragment of human LAMP1 fused to GFP. Upon expression in the larval fat body and prolonged
starvation, the sensor forms puncta that partially colocalize with lysosomes (schematized as orange puncta in the fat body lattice). (B) Typical image showing the eMI
sensor in red, (endo)lysosomes in green, and nuclei in blue. (B’ and B”) show monochrome panels of the indicated channels. Scale bars: 20 pm.

menus of Image]. Once the analysis of all images is com-
plete, the program conveniently exports the data as a CSV/
Excel file. The user is thus able to analyze images much
faster and with confidence. The code works not only for
Drosophila fat body, but also for e.g. cultured mammalian
cells and labeled neutrophils in zebrafish, and works with
the most commonly used image formats. The plug-in writ-
ten in Kotlin can be downloaded from GitHub.

Results and discussion

Streamlined Particle Quantification (SParQ) is a software that
enables the user to quantify fluorescent particles in an image
in an automated, but supervised, way. Cells contain a large
number of vesicles with autophagosomes, lysosomes and
endosomes probably being the most widely studied. Marking
these vesicles with fluorescent markers is an easy way to
address how the autophagosomal or endosomal pathways
are regulated; in fact, this strategy is widely used in the
autophagy field by most laboratories [4,13]. Typical images
of autophagosomes and endosomes fluorescently marked are
shown in Figure 1.

The source code of the plug-in can be found at: https://
github.com/sparq-plugin/sparq

Inside the code there are annotations for each of the
functionalities processed by the software. In order to install

SParQ simply drag the .jar file from the GitHub link above
into the Fiji window. Alternatively, choose the command
“Install Plugin ... ” from the “Plugins” menu of Fiji and follow
the prompts. Fiji will then have to be quit and restarted.

To run the plug-in, the user selects “SParQ” in the “Plugins”
pull-down menu, and when prompted, will navigate to the
folder containing the images (Figure 2A,B). The user then
selects the file type and channel to be analyzed (Figure 2C,D),
followed by a choice of particle size (Figure 2E; the default value
is 0.50 appropriate for many punctate structures).

The image processing flow then is:

(1) Open the image and split into channels. SParQ is
built to work with tiff, tif, lif, and zvi files, the most
common file formats used by the scientific
community.

(2) Show the original image channel the user asked for
(green or red; Figure 3A).

(3) Display the threshold dialog to the user to adjust the
threshold (Figure 3B).

(4) Analyze the particles using the Fiji-built in plug-in
Particle Analyzer.

(5) Display the nuclei channel to help user count the nuclei
in the case this information is needed (Figure 3C).

(6) Display dialog for user to decide if the results are
satisfactory (Figure 3C).
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Figure 2. Flow chart part 1. Upon launching the SParQ plug-in (A), the user is prompted to navigate to the image folder (B), to select the file format (C), the channel
(D) and the particle size (E) to be analyzed.

@

(I1)
(1)

If results are not passing the scrutiny of the
investigator, the program restarts the processing
of the image and allows the user to re-adjust the
threshold (Figure 3C). Note that once the excel
file is exported in the end, the software will only
save the last quantification for each image.

Bad (e.g. bleached) images can be skipped.
Once the results are fine, the program will move
on to the next image.

(7) Software closes all open images and exports results to
an Excel file (Figure 4). The final file will include the
name of the images quantified and the respective
puncta count, total area occupied by puncta struc-
tures as well as average size and percentage of area
occupied by fluorescence.

The SParQ plug-in is ideal for any application where the user
has to quantify fluorescent microscopy images with punctate
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Figure 3. Flow chart part 2. SParQ then opens the original image next to a greyscale image of the selected channel (A) for thresholding (B). (C) A mask of the
thresholded image will be shown allowing the user to accept or to repeat thresholding. Nuclei will be shown in case they need to be counted.

particles. It is especially useful for labs studying the endoso-
mal and autophagy pathways where usually tens or even
hundreds of fluorescent vesicles have to be counted.

Most importantly and preferable over a full automati-
zation, the plug-in is particularly useful for researchers, as
the image analysis is streamlined without the investigator
losing control. Furthermore, the batch mode makes it easy
to transition between samples and to analyze all the pic-
tures present in a folder. It is up to the user to divide the
pictures in the way he/she sees best fit. In addition, the
way in which the workflow is built guarantees both the
accuracy and control by the user. Aside from setting the
desired threshold for each picture, the user has the ability

to skip images that don’t fit the standards such as
bleached or overexposed cells, and more importantly, to
go back and re-analyze the same image in case the first
round was not satisfactory. In our experience, we find that
this step should not be totally automated because each
sample is distinct and users need to be able to “proof”
the result. To make this as quick as possible, the plug-in
displays the original picture window next to the thre-
sholded picture for comparison with the option to discard
or reprocess the image. Once all the images in the chosen
folder have been processed, SParQ will ask the user where
he wants to save the results file and export it automati-
cally. To test the plug-in, we have analyzed images
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obtained of fed and starved Drosophila fat body expressing
a novel eMI sensor based on regular cherry and thus does
not require photoactivation. Similar to the previous
photoactivatable sensor [11], this more straight forward
to use sensor robustly forms puncta when eMI is induced
by prolonged starvation (compare Figure 5A with 5B;
quantified in 5C).

Importantly, SParQ is not only useful for analyses in the
larval fly fat body, but more broadly for applications where
the researcher looks for particle numbers, area occupied by
particles, or average particle size. In addition to routinely
quantifying late endosomes and lysosomes using the KFERQ
biosensor and GFP-HsLAMP1 (Figures 1 and 6A), the plug-in
was tested on cultured mammalian cells and zebrafish.
Thresholding using SParQ allowed accurate identification of
WIPI2-labeled autophagosomes in mouse PyMT cells (Figure

AUTOPHAGY 1715

6B) and of GFP-labeled neutrophils in transgenic zebrafish
(Figure 6C).

Other frequently used programs to analyze particles are
MATLAB and Velocity. While MATLAB requires coding
knowledge by the user, installation the SParQ plug-in is
straight forward and its use is simple. Although Velocity,
in contrast to Fiji/ImageJ is able to quantify particles in
3D, it does not provide straight forward batch processing
of files. Most importantly though, compared with these
other software packages, Fiji/Image] is freely available, and
its use does not require access to expensive licenses, mak-
ing the SParQ plug-in accessible for a wide range of
researchers.

Materials and methods
Fly work

Flies were reared and eMI assays were performed as described
[11]. pUAST-KFERQ-mCherry was generated by replacing
photoactivatable cherry in pUAST-KFERQ-PAmCherry [11]
with regular cherry from pmCherry-N1 (a kind gift of
Dr. E. Snapp, Albert Einstein College of Medicine, Bronx,
NY, USA) as Agel/Notl fragment. Transgene injections were
done by Rainbow Transgenic Flies (CA).

Images

Images were obtained by fluorescent microscopy and ana-
lyzed using Image]/Fiji [10]. Drosophila fat bodies expres-
sing  KFERQ biosensor and UAS-GFP-hsLAMP1 were
imaged using a 63 x 1.4 NA oil objective on an
ApoTome.2 system (Carl-Zeiss, Oberkochen, Germany).
MMTV-PyMT mouse cells expressing GFP-WIPI-2 [14]
were imaged using a confocal microscope spectral LSM710

30

20

GFP-HsLAMP1 W

N Fed
B Starved

GFP-HsLAMP1

Figure 5. eMI sensor based on regular cherry form puncta upon prolonged starvation. Compared to fed control (A), 25 h starvation induced robust sensor puncta (B).

(€) Quantification of eMI response. Scale bar: 20 um.
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Original Thresholded Mask

A

Figure 6. Examples of original sample images (left column), thresholded channel (middle column), and mask used to quantify (right column). (A) Typical eMl analysis.
(B) Mouse PyMT cells stained for the autophagy protein WIPI2. (C) Tail section of a 4 d post fertilization zebrafish embryo expressing GFP in neutrophils under the
control of the myeloperoxidase (mpx) promoter. Scale bars: 20 um (A, B) and 100 pm (C).
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