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The support that the fellowship has given me for the past two years has been extremely 
beneficial in establishing myself in my new field of computational biology. 

Before coming to Yale University I had intended to focus on protein hydrophobicity 
analysis. I spent the first year taking classes in biochemistry, cell biology and 
bioinformatics. My first project involved prediction of hydrophobicity/solubility of 
proteins in the context of high throughput protein structural studies. Three papers have 
been written on this subject and I am currently working on an additional paper [ 1-31. The 
goal of the experimental groups I collaborated with at the University of Toronto and 
Rutgers University was to generate a large collection of proteins to test as candidates for 
structural analysis. Poor solubility or high hydrophobicity are good indicators that a 
protein is not immediately amenable to structure analysis. Thus, it is useful to filter only 
proteins that are soluble. The task of predicting the solubility of a given O W  based on a 
physical model is computationally intractable. Therefore, I adopted a retrospective data- 
mining approach based on various supervised machine-learning methods such as decision 
trees, Bayesian classifier, support vector machines, neural networks and logistic 
discriminant analysis. I found decision trees to be most useful for comprehensibly 
summarizing the multivariate data and extracting few prediction rules for solubility. This 
approach allows us to reveal some trends or functional dependency of the ORF solubility 
on various attributes (features) extracted from the ORF DNA sequence. Expressing such 
a relationship gives us not only predictive power but also gain of knowledge. Similarly, I 
identified some common traits for proteins that tend to express, crystallize or be suitable 
for NMR experiments. 
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Protein structure, however, is not the main focus of the group that I am working in. 
Moreover, at Yale University there appears to be a significant need for sophisticated 
analyses of protein and mRNA expression data being obtained in high throughput 
experiments. Therefore, I started to focus on pattern recognition and machine learning 
approaches especially in the context of analyzing large-scale mRNA and protein 
expression data. 

I collaborated with Professor Sherman Weissman from Yale University on projects 
related to mRNA expression patterns during hematopoiesis [4,5]. My part of the work 
included developing a hybrid method based on supervised and unsupervised pattern 
recognition methods to cluster genes based on expression levels. I also analyzed 
comparisons of manual and automatic measurements of band intensity levels obtained 
using the differential display technique. 

For the past year I have been developing a state of the art spectral clustering method for 
bi-directional clustering of mRNA expression levels. Using this method genes and 
conditions are clustered simultaneously. The advantage 0ver.a similar existing method is 
this method can handle both sparse and large data sets. This work is being done in 
collaboration with Professor Ronen Basri from the artificial vision group at the 
Weizmann Institute in Israel. I am currently working on applying this and other 
innovative methods in machine learning to publicly available and unpublished cancer 
data sets of mRNA expression together with Dr. Pablo Tamayo from the Whitehead 
Institute. 

In addition to my interest in hematopoiesis I am also interested in oncogenesis. I assisted 
Professor Barry Kacinski from Yale University in designing an experiment involving 
transfection of benign cell lines with various oncogenes and studying their invasive and 
metastatic properties thereafter. Microarray studies were done before and aAer 
transfection. The experimental part has now been completed and I am analyzing the data 
in three stages: a) cleansing the data and filtering differentially expressed genes by using 
modem statistical tools, b) developing and applying novel machine learning techniques to 
cluster and classifL genes using the experimental expression data combined with 
heterogeneous sparse data available in public domains and c) attempting to find pathways 
related to cancer invasiveness and metastasis by generalizing and applying Markov 
random fields and Bayesian networks expert systems methodology. 

I continue my work completing the above-mentioned projects, which I think are very 
important for the field of bioinformatics. Seeing that my background was in theoretical 
physics I devoted a large part of the past twenty months to studying biology, 
biochemistry and genetics, but also artificial intelligence, which I consider an integral 
part of the evolving field of bioinformatics. In particular I continue my work with Dr. 
Mark Gerstein and Professor Sherman Weissman based on methodologies I am 
developing for pathways of oncogenesis and applying them to hematopoiesis as part of a 
large program project on neutrophil maturation being conducted at Yale University. 
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I wish to thank you for the support from the Sloan Foundation /DOE Fellowship grant 
during this period. 

/ Yours sincerely, 

Yuval yw7!.Y mug 
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