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Executive summary 

Chromosome conformation capture assay results have the potential to be usefully complemented with 

results from DNA FISH assays. The former assay enables the user to aquire global interaction profiles 

(Hi-C) over a population, while the latter allows this to be done in a pairwise manner in a single cell 

specific manner. In this document we describe the challenges that hinder the integration of FISH 

analysis tools in the VRE. The main challenges are a) a lack of community-wide data standards in this 

experimental area; and b) a lack of community-accepted databases in which to store FISH assay raw 

data. 
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1 INTRODUCTION 
3D genome organization plays a vital role in understanding the spatiotemporal regulation of gene 

expression (1, 2). There are two main ways of studying the 3D genome organization, one is microscopy 

based approach and the other is chromatin conformation capture based assay. Although microscopy 

based approaches have long been used to study nuclear architecture, recent progress in the chromatin 

conformation capture assays, such as Hi-C assay, have greatly enhanced our understanding of 3D 

genome architecture (3, 4). Independently both microscopy and conformation capture based assay 

have validated the occurrence of chromosome territories within nucleus (2). Further, capture based 

methods have dissected these territories into genomic compartments, which can be defined as gene 

rich or early replicating active (A) and gene poor or late replicating inactive (B) compartment (1,5). At 

a finer scale, chromatin was found to be organized into topologically associated domains (TADs), which 

are the basic unit of chromatin folding (6, 7). Advances in imaging methods such as super resolution 

microscopy have complemented these findings and have validated the presence of TADs and 

chromatin compartments in single cells (8).  

Recently high resolution Hi-C maps were also able to display a variety of interactions such as promoter-

enhancer, transcription start site (TSS-TSS), CTCF-CTCF, etc (9-11). However, a key limitation of 

conformation capture based assays is that, they display an average contact profile coming from 

millions of cells.  Performing these assays on single cells is technically challenging. Thus, DNA FISH assay 

are generally employed to corroborate the findings of conformation capture assays.   

Thus, the goal of this deliverable is to report the DNA FISH tools employed by the community and the 

feasibility to integrate them in the VRE 

2 Overview  

A simple quantitative DNA FISH experiment starts from sample or FISH probe preparation and 

culminates in image analysis (Fig 1). A few major points of consideration for DNA FISH are described in 

here. 
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Figure 1. DNA FISH assay overvew 

2.1 Experimental design 
DNA FISH is generally employed to qualitatively and quantitatively study locus specific interactions, 

such as between enhancer and promoter. The goal of these assays is to measure the distance between 

the two loci and their localization within the nucleus (distance to periphery). Using special probes such 

as oligopaints (described below) and super resolution microscopy, one can also study the structure of 

a chromatin compartment or TADs.  

At CNRS-IGH WP7.1 was involved in performing DNA FISH experiments. They employed the oligopaint 
based probes followed by confocal microscopy to measure the  

 distance between the loci of interest 
 distance of these locus from periphery (nuclear lamina) 
 diameter of the signal, as a measure of the compaction (explained in deliverable 7.1) 

 

2.2 Sample and Probe preparation 
The specimen or the sample for the FISH can be a tissue section or a layer of cultured cells. As 
highlighted in fig1, the first step in the assay is the fixation of the sample. The samples are generally 
fixed with formaldehyde. Once fixed the samples can be stored under proper conditions for a limited 
period of time. DNA FISH results might vary if the storage conditions are not proper, leading to error 
in conclusions. 
 
DNA probes for the FISH assay can be made in following ways 

 nick translation and labelling of the PCR products  
 Oligopaint based approach: Complex ssDNA libraries consisting of 43 bp unique stretch of 

genomic sequence (black lines) flanked by non-genomic regions (colored lines) containing 
primer sequences are amplified, labelled and processed to produce ssDNA probes (Figure 2).  
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Figure 2. Oligopaint probe preparation. Modified from Beliveau et al., Nature Communications 
volume 6, Article number: 7147 (2015) 

 
 

 Probes from Bac clones:  Bac clones containing region of interested are amplified, labelled with 
biotin, digoxigenin or fluorophores and are directly used as probe.  

 

2.3 Data collection 
Once the samples are mounted on slides, image acquisition is performed. Depending on the aim and 
the type of the FISH experiment, different types of microscopy can be performed. The microscopes 
used in these assay are 

 Conventional microscopes 
 Confocal 
 Super resolution 

 
These microscopes produce digital images which are formed when optical image from the microscope 
is recorded by a detector. These images display two types of information: spatial (3D localization) and 
intensity (concentration of probes). A careful acquisition of images is a very crucial step as the intensity 
values of the image also contains background noise. Thus, a good FISH experiment is limited by the 
signal to noise ratio of the digital image.  
 

2.4 Image processing and storage 
The image processing and storage are very important for any quantitative microscopy experiment.  An 

error in image processing and storage such as bit-depth conversion or image compression, can change 

the intensity values of the digital images making them a bad substrate for quantitative measurements. 

Thus, choosing an image-processing algorithm for a quantitative study is a very critical step. A list of 

the available software packages for quantitative image analysis were submitted as milestone MS24 

(Fig 3, http://www.multiscalegenomics.eu/MuGVRE/image-analysis-tools-comparison/).   
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Figure 3: Available softwares or analysis tools for DNA FIS analysis (from milestone MS24) 

 

3 Challenges in integrating microscopy based tools on VRE 

The quantitative measurement of DNA FISH is susceptible to a variety of potential sources of error. 
Errors in measurements can be introduced by the specimen, during image acquisition, or the 
downstream image processing. One of the aims of the MUG project was to integrate DNA FISH based 
tools to the VRE. However, the microscopy field lacks standard guidelines for all the steps mentioned 
in section 2. To clarify, we can contrast the current situation for FISH data analysis with that for 
genomic data analysis. Integration of analysis pipelines for genomic data analysis was feasible since 
ENCODE consortium has given the guidelines for almost all genomic assays, but no such guidelines 
exists for the FISH based methods. Depending upon the aim of the project, researchers use either 
commercial image analysis platforms or in-house data analysis pipelines. 

In addition, the analysis of the intensity values of an image should be done on raw images. This led us 
to another challenge, the storage of the raw images. At the current time there are no established 
databases that store raw image data. Again, we can contrast this with the situation for genomic data: 
for genomic assays there are databases such as SRA, GEO, EBI Array express etc., where 
experimentalists can submit their data to be used by the community to train or reanalyze these 
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datasets in their studies. Through partner EMBL-EBI, the consortium liaised with the BioSamples 
repository (https://www.ebi.ac.uk/biosamples/) team to look into the possibility of storing imaging 
data. We are also closely following up on new resources that are arising driven by demand, such as the  
Image Data Resource (https://idr.openmicroscopy.org/about/) as part of the partners’ commitment 
towards VRE sustainability.  
 
Furthermore, there is no consensus regarding the processing of the raw images, thus we can not 
usefully link any of the open source platforms such as ImageJ to the VRE. In future, if a consensus is 
reached regarding a specific open source platform recommended by the community, it will be 
integrated in the VRE. 
 
In the case of WP7.1 the senescence project, we performed DNA FISH with the aim to quantify  

 distance between the SAHDs (mentioned in deliverable 7.1) 
 SAHD distance to periphery 
 area of the SAHDs, as a measure of the compaction (mentioned in deliverable 7.1) 

 
For this, oligopaint based FISH probes were used to perform DNA FISH. For the analysis of the data 
“IMARIS” software was used. However, the software is commercial and not open source, thus we were 
not able to integrate it in the VRE. 
 
As part of the sustainability roadmap, MuG is committed to keeping the tool offer up to date with the 
latest advances. The MuG tool wrapping API will facilitate the inclusion of image analysis tools as they 
become available in the market and as their use is standardized.  Driven by demand, technology 
companies are becoming progressively interested in the development of tools to fill this gap.   
 
To this end, MuG has made contact with KML Vision OG (Austria, https://www.kmlvision.com/ ) and 
Wimasis (Spain, https://www.wimasis.com/en/ ) as potential candidates to integrate their tools into 
the VRE in the future.  
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