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Abstract— Mathematical modeling of cellular pathways is
used widely in biology to comprehend molecular mechanisms
thoroughly. These models require large amounts of experi-
mental data to be validated correctly. Fluorescence in Situ
Hybridization (FISH) is a well-established technology used to
detect the transcriptional expression of any gene. Here, we
work towards implementing a fully automated image processing
pipeline to process FISH data by using Cellpose [1] and
BIG-FISH [2]. The resulting code allows to correctly process
hundreds of images for segmentation and spot quantification.

I. INTRODUCTION

FLuorescence in situ hybridization (FISH) is used to detect
and visualize individual mRNA molecules within cells.

smiFISH (single-molecule inexpensive FISH) consists of
designing primary probes that contain the target sequence
against the desired gene plus a common sequence that is
then annealed to a complementary sequence labeled with a
fluorescent dye [3]. These probes allow the mRNA to be
detected as individual puncta when viewed using a fluores-
cence microscopy. Processing FISH data is time-consuming
and requires extensive user input. Recently, advances in deep
learning and image processing have allowed the development
of novel tools to quantify massive biological datasets in
an automated manner. Here, we developed an open-source
Python code to process automatically large sets of FISH data.
The image processing pipeline allows hundreds of images to
pass through the pipeline for segmentation and spot detection
to occur on each image separately.

The individual steps of the pipeline are data collection
from the microscope, which is then transferred to a Network-
Attached Storage (NAS). The data is then sent to a computa-
tional cluster where segmentation is achieved using Cellpose
[1], and spot detection is performed using Big-FISH [2]. The
data is then organized into a CSV file containing information
about cell size and the detected spots’ location. Additionally,
a metadata file is created to detail the parameters used in the
code and the necessary version of the used libraries. Finally, a
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pdf file is created to show the individual steps of the pipeline
and allow the user to supervise the complete process. All
results are uploaded to the NAS for interpretation by the
experimentalist.
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Figure 1 shows a maximum projected image of HeLa
cells in which endogenous GAPDH was targeted using
smiFISH. In A), the cell nucleus is stained using DAPI.
In B), the mature and nascent mRNAs and transcription
sites of endogenous GAPDH are marked using smiFISH
probes targeting GAPDH exons pre-labeled with cy5. C)
Shows the segmentation of the nucleus and cytosol using
Cellpose[1]. Finally, in D) FISH puncta are detected using
Big-FISH[2]. The complete code is accessible here: https:
//github.com/MunskyGroup/FISH_Processing.
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