




In order to develop novel and more efficient therapeutic approaches we need to understand 

disease mechanisms, which in turn requires the collection and analysis of biologically-relevant 

information. Unfortunately, the complex nature and high-information content of biological data, 

together with the lack of proper analysis methods make the information gathering and 

interpretation process very slow and imprecise. For example, following microscopy, image 

analysis is typically performed by visual examination of hundreds of cells or structures per 

experiment. This method, in addition to limiting the amount of samples that are to be analyzed, 

is not accurate and potentially poorly reproducible as it introduces human error and bias. 

Although some algorithms are currently available, they rely on subjective assumptions and are 

not suitable for widespread applications. 

The objective of this student-initiated proposal is to develop tools to extract and analyze 

quantitative biological information related to the process of cell migration. 

Cell migration is one of the major cellular process life scientists are focused on. On the one 

hand, this process is essential for normal embryo development, and indeed we discovered that 

defective cell migration is observed in a developmental disease called Lowe Syndrome (LS)(1). 

On the other hand, enhanced cell migration of cancer cells is the cause of metastasis which 

currently accounts for 90% of cancer-related deaths (2, 3).  

Cell migration requires the coordination of multiple elements of the cellular machinery. This 

is particularly true for the Golgi apparatus which establishes the direction of migration, and for 

carriers of proteins and lipids necessary for the migration-required remodeling of the cell 

membrane (4). Therefore, the availability of information such as area of the Golgi apparatus, 

number, density and lifetime of protein-lipid carriers in patients’ versus normal cells would be 

crucial for understanding and fighting diseases.  

During the recent CSoI Student Workshop “Science of Information for Biological Data” (July 

7th-11th  2014; Purdue University, West Lafayette Campus), we assembled two 

multidisciplinary (computer science/engineering/biology students) and multi-institution 

(Purdue/Texas A&M/Johns Hopkins) teams that developed the foundations for automated 

analysis of biological information content in fluorescent microscopy images. Here we propose to 

articulate both teams in a single effort to produce a unique application that will also incorporate 

biologically-relevant constraints into the existing module created during the workshop.  

Specifically, during the workshop we devised a basic code using the “R”-software package 

to determine the total area of the Golgi apparatus and developed a Matlab routine to address 

the problem of particle (e.g. protein/lipid carrier) recognition. However, due to the limited time of 

the workshop, some important issues could not be addressed; such as the automatic detection 

of biologically relevant boundaries from multiple cells or structures in a single image. These 

features are crucial to be able to reliably extract data per cell and therefore, to obtain accurate 

statistical information. 

Indeed, the routines that we had devised could not extract data for individual cells, but only 

for the entire image. In addition, the algorithms’ ability to identify individual objects was largely 

dependent on factors such as noise cancellation procedures and arbitrary thresholds applied by 



the user per image. We propose to develop a method that relies on scanning the image to 

detect maximum and minimum intensities and automatically determine thresholds which will 

eliminate the introduction of arbitrary values by the user and consequent variation.  

We will analyze microscopy images, in which each color represents a different cell 

component (this is achieved using different cell biology techniques such as 

immunofluorescence). It should be noted that the color information is stored into different 

matrices that can be worked on independently or as a group. Some of these components will be 

used to define a cell boundary; for example, the signal from a membrane marker whose 

intensity is analyzed pixel by pixel using a raster scan can be used to detect the extent of the 

cell and mark boundaries once it encounters background (no signal). Other components (e.g., a 

transport carrier- or a Golgi-marker) would be used as markers to identify organelles and 

intracellular structures. For this latter purpose, we plan to use additional statistical criteria and 

already existing routines and algorithms such as Object Based Colocalisation and the Mander's 

Correlation Coefficient (5, 6). 

We anticipate that these improved image analysis algorithms (combined in a single 

application) will expedite accurate image analysis and data interpretation. We also envision that 

these routines will be used to analyze time-lapse images to study cell migration, dynamics of 

transport carriers and organelles or structures in patient vs normal cells. Further, these 

capabilities will provide a valuable platform to perform drug screens and evaluate the efficacy of 

candidate compounds for correcting cellular defects.  Finally, we hope that these quantitative 

measurements can become the basis for the development of diagnostic methods based on 

numerical and biological correlations.  

In order to achieve our goal, the team members will be mentored by their PIs who will be 

providing valuable suggestions and feedback to shape the proposed algorithms. Additionally, 

the team would regularly update their mentors on progress, potential challenges and use the 

expertise of their advisors in implementing solutions. All students will be involved in algorithm 

design and implementation. The biologists in the team will be providing key biological 

constraints to be incorporated in the code and also help in image acquisition and validating the 

code in terms of its biological relevance and accuracy, while the rest of the team will be 

providing Information Theory expertise and implementing algorithms. There will be constant 

communication between the members for algorithm design and evaluation in terms of its 

efficiency and accuracy in addressing the problem statement. We plan to meet at least once a 

month via video conferencing and once in three months in person. 

In order for the image analysis tool to be available and accessible by the scientific 

community, we are seeking to participate in national conferences where we plan to present our 

final version of the project. We plan on attending a conference that would be held during or after 

our final meeting, in order to ensure that the project has attained completion. Importantly, we 

anticipate a collaborative publication describing this development. We are confident that this 

collaboration would help in creating a versatile biological image analysis tool freely available to 

the scientific community and can be applied in many research problems involving fluorescence 

microscopy analysis and not just described area of focus.  
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