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List of previous projects 
 

This is a list containing selected abstracts, taken from students' final reports of previous 
years', with several additional sources for potential projects. The list aims to give some ideas 
for possible projects. Of course, you are most welcome to suggest a project of your own. 

 
 
 
Biological sequences analysis (hash tables are regular expressions, sequence alignment) 
 

1) Our main purpose in this project was to determine if a protein is trans-membrane. We used 
regular expressions and an algorithm called Chou-Fasman to find secondary structures from 
the given protein sequence: alpha-helices in our case, and then according to hydrophobic and 
hydrophilic amino acid clusters and secondary protein structures, we could decide if the 
protein is trans-membrane. If a protein is a trans-membrane one, we would check how many 
times does it cross the membrane (single pass/multi pass). 
 

2) The alignment of multiple protein sequences is a fundamental step in the analysis of 
biological data. Finding conserved motifs amongst protein families in a particular region of 
the sequence, suggests that this region has structural or functional importance. In this project 
we have successfully applied the Needleman–Wunsch algorithm to make the best alignment 
between beta galactosidase enzymes of roundworm and a fruit fly origin, which favors an 
overlap between two glutamic acids known to be at the active sites of the enzyme. For the 
given comparison a match between two glutamic acids was important for the correct 
alignment, but this method could be easily edited according to need to favor other alignment 
position and to be more/less permissive of gaps and mismatches.    
 

3) In this paper I present a program that assists researchers in cloning mutant proteins, by 
finding potential restriction sites in the DNA sequence that can be created by mutations.  The 
program finds restriction sites that are present in the input sequence and sites that can be 
created by changing one or two codons without changing the protein. This information can 
help the researcher verify insertion of mutant fragments by looking at the fragments of DNA 
after incubation with suitable restriction enzyme. 
 

4) Riboswitches are structural elements formed in mRNA that function in gene expression 
regulation through the control of transcription and translation processes. Most of the 
bioinformatics tools existing today for riboswitch detection are based on preserved sequences 
and structural motifs and allow identifying known riboswitches in new organisms. In this 
study, we propose a functional based approach for detection of potentially new undiscovered 
riboswitches, by scanning the gene's 5' UTR sequences, looking for transcription termination 
or translation inhibition elements. This approach was executed on an E. coli gene database, 
and detected known riboswitches in E. coli, as well as new potential riboswitches, some 
known as riboswitches from other organisms. The main method was based on the use of 
regular expression to look for characterized motifs of transcription termination in E. coli. The 
second method was derived from a more specific approach that a gene's 5' UTR early 
termination sequence might be similar to the gene's own termination sequence in its 3' UTR. 
Hence, we graded the similarity of each gene's 5' UTR and 3' UTR using two properties: the 
longest common k-mer of the two sequences, and the alignment grade according the 
biopython's alignment function. 
 

5) A project on sequence alignment: 
http://pythonforbiologists.com/index.php/applied-python-for-biologists/applied-python-1/ 
Implement a simpler version of BLAST, and compare the quality (and runtime) of alignment.  
 

http://pythonforbiologists.com/index.php/applied-python-for-biologists/applied-python-1/
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Biological networks and graph theory 
 

6) In this work, we wrote an algorithm that computes the betweeness and of nodes in regulatory 
networks. The networks contain weights on the edges, thus the BFS algorithm was extended 
to the well-known Dijkstra shortest paths algorithm. We found nodes with high betweeness 
and low degree in several real biological networks. These nodes are indeed known to be 
essential for the biological function, as research shows.  
 

7) In our project we compared the degree distribution of randomly generated networks and real 
biological regulatory network. We show that this parameter (node degree distribution) can be 
used to separate biological networks from randomly generated ones, and propose an 
evolutionary explanation. We tested two models for random networks, namely, Erdős–Rényi 
Erdos Renyi and Barabási–Albert (rich-get-richer). 

 
8) Network motifs are small structural elements that occur in a network, such as feed forward 

loop, or a bi-fan. We downloaded several biological networks, and found the most common 
motifs within them, containing three nodes. We propose an explanation for the abundance of 
these specific motifs in biological networks. 

 
 
Image processing 
 

9) Agarose or polyacrylamide gel electrophoresis is a common and highly used technique to 
separate macromolecules such as DNA, RNA or proteins according to their molecular weight. 
The result is a gel image with bands, representing the molecules spread according to their 
weight. Automatically analyzing of the image can increase the accuracy, and the amount of 
data generated from the image will reduce the time and man power required.  
Our project focused on the biggest obstacle in automatic gel analysis – creating a 
segmentation algorithm of the image in order to detect the bands for further processing. One 
approach was using multiple binary segmentations in different thresholds, and a home-
made de-noising function, with limitations for band structure and size, to get rid of 
background noise. Another approach was local segmentation. which calculates the threshold 
for a small regions of the image, using morphological operators. Our final algorithm can 
achieve 80% and higher accuracy in bands detecting for further gel image analyzing. The 
algorithm we conducted is not reliable in 100%, and further manual analyzing is necessary in 
this stage. There is still place for improvements, but the future is closer than ever. 
 

10) In this project, a tool for the identification of yeast spores in microscopic images of cell 
cultures was developed. Yeast spores are formed as a response to stress, and thus serve as an 
unfavorable conditions indicator. Also, spores can be utilized for a non-genome engineering 
gene transfer method. The developed tool can identify characteristic four-structured spores 
using image processing, and give a binary answer for their presence. It is based on two image 
parameter that were found to be unique for spores: the characteristic shape and black to white 
ratio. The results received were mostly correct, with only one false negative result. Though 
some limitation are present, the detection is achievable and with further improvement of the 
tool the result can be more informative.  
 

11) In this project a new algorithm was evaluated for quantifying the amount of endospores and 
vegetative cells in a phase bright microscopy slide. The presence of both could signify 
contaminated food or weaponized bio-warfare agents. The algorithm uses morphological 
operators learned in a specific order and parameters. The results were very promising with the 
algorithm being able to accurately count the amount of both in one slide, while in another 
slide counting a few extra endospores, although the total added amount was dwarfed by the 
actual count. This project concludes that the algorithm can in fact be a viable tool for fast and 
mostly accurate quantification of endospores and vegetative cells. 
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Discrete model for regulatory networks 
 

12) Apoptosis is the process of programmed death cell. It is vital to various processes in a cell 
such as maintaining homeostasis (controlling tissue size and cell turnover), embryonic 
development, functionality of the immune system, etc. It is a tightly regulated process that is 
comprised of several signaling pathways, mainly: the extrinsic (death receptor) path and 
intrinsic (mitochondrial) pathway. All signaling pathways converge on the same terminal 
execution path which is initiated by the cleavage (activation) of caspase-3, and goes on to 
execute apoptosis by DNA fragmentation, cytoskeleton degradation, etc. until initiating 
phagocytosis process. In this project I propose a simple discrete model of the intrinsic and 
extrinsic pathways until the initiation of the execution pathway, including a known cross talk 
between the two pathways. The transition function was changed to show the accumulation of 
agents in the pathways using increasing integer values, while zero value represents an inactive 
state. In addition to initiating the execution pathway, the model shows the amplification 
obtained by the cross talk and by triggering both pathways.  
 

13) In this work I'll present a computational model of the TNFα signal transduction. The model is 
based on factors which affected by TNF receptor (TNF-R) [3].The original and complex 
model is transformed into a simpler one which contains all the important factors. In addition, 
the model is translated into a Boolean-model so it can be used for prediction of biological 
reaction in the cell. The algorithm can be used to analyze many biological signal transduction 
pathways, as well as be used for cell response prediction. 
 

14) The yeast cell cycle network shown in class contains 11 proteins and their known regulatory 
effects on each other. The goal of this project was to find out how likely a random network 
that is similar to the yeast cell-cycle network is to be as robust, namely, to have a main 
attractor of the same size (~86% of initial vectors). 
 
 
 
Cellular automata 
 

15) Contact inhibition of cells is the avoidance behavior exhibited when a cell contacts with 
another cell. Cancer cells lost the contact inhibition response and can grow over each other. In 
our project we used cellular automata to create a model of the process for normal and cancer 
cells. Our model succeeds to represent an evolving and living tissue. We based our model on 
the two-dimensional (2D) "Young 1984" function, and developed it into a three-dimensional 
(3D) function. 
 

16) In this project our goal was to simulate competition between two different organisms in a 
simple two dimensional system, the question we asked was if we can simulate “Natural 
selection” giving certain parameters to each organism and testing which of them would 
dominate the board, we used an interface coded in python to create such a system with several 
changeable parameters received by the user, the rules we used were inspired by Conways 
“Game of Life” that were altered and tailored for a more complex system (2 organisms). We 
found that it is possible to simulate “Natural selection” after we tested each parameters’ effect 
on the system individually and concluded that the main attributes that affected survivability 
were the ability to resist starvation, fast/efficient reproduction and cooperation between cells. 
 

17) Intracellular drug distribution can have a significant effect on successful chemotherapeutic 
treatment, as accumulation of drugs in various cellular compartments may lower its 
concentration in the target site. Among other compartments, drugs can accumulate in lipid 
bilayers and acidic vesicles such as lysosomes. Changes in intracellular drug distribution were 
suggested to mediate cancer cell drug resistance, reducing the success rate of treatment. In 
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this project, a cellular automaton was created to simulate the exposure of a cancer cell to 
drug, and to test different effects on the intracellular distribution of the drug. As expected, the 
model demonstrated a positive correlation between initial drug concentration and the 
cytotoxic effect of the drug, and a negative correlation between the lysosome number and the 
cytotoxic effect of a weak base lysosome drug prone to lysosomal accumulation. Surprisingly 
a negative effect was demonstrated between the drugs partition coefficient and its ability to 
penetrate the cell and induce a cytotoxic affect. 
 
 
Other 
 

18) Heart diseases are the second most common cause of death in Israel and the first worldwide.  
While there are plenty of risk factors for heart disease, the most significant factors are not 
genetics but are related to an unhealthy lifestyle.  Thus, we experience an increase in the 
percentage of people suffering from heart disease due to the "western lifestyle" that is 
characterized by obesity, lack of physical activity, fast food consumption etc.  This kind of 
lifestyle leads to high blood pressure, high level of LDL (low-density lipoprotein) and 
diabetes. Thus, the motivation of this project is to raise the awareness to heart diseases in 
order to decrease the rate of future heart disease patients.  The purpose of the computational 
approach is to predict the probability of an individual to become a future cardiac patient by 
examining physiological and medical data.  Using this program could enlighten people in 
order to take care of their health. In order to predict if an individual patient is ill or not and to 
predict the probability of future illness, I used a machine learning algorithm which called 
KNN (K Nearest Neighbors) Algorithm.  
 

19) The mechanism of how transcription factors recognize their target sites is an important 
question in biology and key to understanding the gene regulation process, which relies on 
different properties of the target sites. Position weighted matrix (PWM) is commonly used to 
represent the binding sites properties and to locate new binding sites in genomic DNA. In my 
project, I am describing mononucleotide and dinucleotide position weighted matrix models 
based on p53 protein target sites. The PWM’s are used in advanced analysis to calculate a 
score for known and unknown sequences and ranking them. The project shows differences 
between two groups of p53 target sites based on their scores and technical variations between 
the mononucleotide and dinucleotide PWM. 
 

20) Research in the recent years has shown that the consideration of DNA and RNA binding 
function within proteins as separate entities is becoming outdated. Proteins that are capable of 
binding both DNA and RNA have been termed DNA and RNA Binding Proteins (DRBPs). In 
this project, my aim is to investigate the unique structural features of the DNA binding 
proteins (DBPs) and the RNA binding proteins (RBPs) surface and interface using Protein 
Similarity Networks (PSN) approach. DBPs, RBPs and DRBPs have diverse structures, 
coming from many different nucleic acid binding families, however, they are expected to 
have common features at the interface which bind the DNA and the RNA1. In my project I 
would like to show that searching for homolog interfaces by using PSN will presumably help 
to identify novel DBPs, RBPs and DRBPs. 
 

21) In this project, an automatic Python tool has been developed for the analysis of Gas 
Chromatography (GC) results, called chromatograms. Nowadays, the analyzing process is 
manual, inefficient and time-consuming, while the main element is comparing the 
chromatogram of a sample to a standard one, composed only of known materials. For those 
reasons, a computational solution is being proposed. Our tool's input is the data from two 
chromatograms, the sample and the standard. The tool uses a similarity measure between the 
two in order to find the optimal match. The tool provides an automatic classification for all of 
the components in the sample, hence saving expensive researcher time. Comparing the tool 
output with a manual classification provided 100% match in all 18 tested chromatograms. 
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22) Evolutionary simulation (genetic algorithm) of RNA fitness: initialize a population of RNA 

strands, randomly mutate them, and pick those strands with the highest fitness for the next 
generation. Fitness here can be, for example, the number of structural elements in the RNA. 
See if the simulation converges and make conclusions.  

 
23) A project involving phylogenetic trees and working with datasets: 

http://pythonforbiologists.com/index.php/applied-python-for-biologists/applied-python-3/ 
 

24) Competing starving foragers: There has been much recent interest in the foraging behaviour 
of animals and, more generally, the finding of targets with limited resources. Simplified 
models consider random walkers that forage on a lattice in which non-replenishable 
resources are placed. The walkers deplete the resources of this environment over time and 
thereby interact with each other indirectly. This project aims to investigate the survival 
statistics of the foragers and the manner of their spreading. The main method of 
investigation will be computer simulations. 

http://pythonforbiologists.com/index.php/applied-python-for-biologists/applied-python-3/

