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1. Executive Summary of work done

This research targets the problem of assembling meta-genomic sequences and creating a characteristic sequence that represents a population. Assembling a population is an extremely difficult problem in meta-genomics. Especially if the organisms are closely related, since the genome sequences would be significantly similar. Most of the existing techniques are designed for single genome sequence, which assemble subsequences based on overlapping regions of the subsequences. DNA consists of 4 bases and when a DNA sequence is read each of these bases has a quality value associated with them. Existing tools do not assemble these bases when this quality is low, therefore low quality data is unused during assembly and is not included in the final results.  Assembly is a process of approximate matching based on several factors. We propose using fuzzy logic to perform approximate matching. We developed fuzzy characteristic functions to select subsequences to form assembled sequences (contigs). Fuzzy functions are a novel way of creating contigs for assembly based on approximate matching. We performed assembly on sequences obtained from GenBank to evaluate the assembler.
Our first objective for this year was to build a framework for genome sequence assembly. The software generates artificial sequences along with quality scores and can perform assembly on user generated or real genome data sets of up to 32,000 bases and 500 subsequences. The next objective was to study various existing techniques for sequence alignment and assembly. We have studied techniques behind several tools and compared results from these tools with our approach. Tools that were studied include Phrap, Blast, Fasta, P-cat, D2 clustering, TIGR Assembler and Celera Assembler. We also tested a low quality meta-genomic data on some of these tools that were specifically for assembly, to get a better idea of problems that existing techniques have with meta-genomic data. The tools could not create optimal contigs; this was due to low quality data. We discuss several other factors that can influence assembly [2b.1].
We are working on two different approaches to perform sequencing. The first technique is based on data reduction and finding global patterns and converting data to perform curve fitting. Data reduction is an important but not required step in assembly of sequences. Since assembly is a time consuming process and requires large amount of memory we can enhance this process via data reduction. We performed Run Length Encoding (RLE) on our data, RLE was chosen since it’s lossless. To further reduce the data we are building “meta coded data” using fuzzy similarity matrices. This technique is based on fuzzy characteristic functions and can aid in assembly. Fuzzy characteristic functions are used to match the meta-coded sequences and assemble them. The second technique is to find local similarities in the sequences. This is an enhancement to the traditional assembly techniques. We studied methods such as Dynamic Programming (DP), Suffix trees, Hidden Markov Models, etc. We proposed an enhanced fuzzy version of DP to find longest common sequence namely, Fuzzy Genome Sequence (FGS). Fuzzy characteristic functions are used to select longest common subsequences. The list of fuzzy characteristic functions, enhanced dynamic programming, and results can be found in [2b.1]. To solve the problem of rejecting low quality data, we measure quality scores and automatically update them. We update quality scores of data based on certain properties at the same time penalizing low quality data. Since we use fuzzy logic we give the user a value stating how good the match was. The user can set acceptance values, and save time for determining the thresholds experimentally. The proposed method also eliminates repeat sequences, which create problems during assembly [2b.1], and can thus make assembly better and faster. In addition, we have created software that can cluster sequences so they don’t have to be compared with each other and increase performance [2a.1, 2b.2].

Results: We have tested our approach with existing approaches that do assembly on sequences. The meta-genomic data (namely SYM) used was obtained from Dr. Alison Murray, DRI. This data contains DNA from organisms on ocean floor and the most of the data is low quality. For two test cases obtained from GeneBank, FGS assembly showed coverage of 99.6% and 92.135% which is similar to and in some cases outperforms some of the existing tools. RLE shows a reduction of 8:1. The proposed clustering technique reduces time complexity, from Θ(n2) to Θ(n). In 50% of the time we could cover 94.9% of the sequence [2a.2].  From the results we can deduce that using fuzzy logic we can create better assembly.
Future work: (i) Implementing fuzzy similarity matrix for data reduction and testing it with artificial and published data, (ii) Generalize fuzzy equations and use standard fuzzy equations for multiple sequence alignment, (iii) Implement nucleotide frequencies to classify organisms by building a multi-layer model, We plan to use di, tri, tetra nucleotide frequency measures along with other parameters to separate organisms within species (iv) Parallelizing the software developed to run it on a larger data set, millions of base pairs. (v) Develop a generalized approach for creating a characteristic genome that represents a generalization of the original organisms that donated sequence data. (vi) Explore GA-based multi-objective optimization techniques to obtain classification. (vii) Sequence and publish the SYM data.
 2. List of selected publications in 2006
         
2a. Journals
2a.1. S. Nasser, G. Vert, R. Alkhaldi, ”A Modified Approach To Fuzzy K-Means Clustering via
Maximum Likelihood Estimation” , The International Journal of Computers and Their Applications  [Submitted -In Review]
2a.2. Sara Nasser, Gregory L. Vert, Monica Nicolescu, Alison Murray,” Improved Multiple Sequence Alignment using Fuzzy Data Reduction and Clustering” [To be Submitted to IEEE/ACM Journal of Computational Biology and Bioinformatics]


2b. Selected Refereed Conference Publications

2b.1. Sara Nasser, Gregory L. Vert, Monica Nicolescu, Alison Murray, “Multiple Sequence Alignment using Fuzzy Logic”, IEEE Symposium on Computational Intelligence in Bioinformatics and Computational Biology 2007 (Submitted- In Review)

2b.2. Sara Nasser, Rawan Alkhaldi and Gregory Vert, “A Modified Fuzzy K-means Clustering using Expectation Maximization”, Fuzzy Systems, 2006 IEEE International Conference on
July 16-21, 2006 Page(s):231 - 235
2b.3. Gregory Vert, Rene Doursat and Sara Nasser, “Towards Utilizing Fuzzy Self-Organizing Taxonomies to Identify Attacks on Computer Systems and Adaptively Respond”, Fuzzy Systems, 2006 IEEE International Conference on July 16-21, 2006 Page(s):2216 - 2222

        

3. List of proposals submitted
3. 1 “Utilizing Fuzzy Logic, for data encoding, assembly, classification, and  database search of Meta-Genomic Sequences using Statistical Patterns in DNA”. 

         a. Gregory L. Vert, Alison Murray, Sara Nasser. 
         b. NSF Division of  Information & Intelligent Systems, “Information and Intelligent Systems: Advancing Human-Centered Computing, Information Integration and Informatics, and Robust Intelligence (nsf06572)”
         c. Lawrence Brandt
         d. $250,000
         e. Unknown
         f. In process, due on Dec 6, 2006

3.2 “A study on Tri-Nucleotide Frequencies for classification of Genome Sequences” ,Fellowship proposal for Master’s student Adrienne Breland.

         a. PI: Gregory L. Vert; CO-PIs: Fred Harris, Alison Murray; Coordinator: Sara Nasser 
         b. NSF GRPF
         c. N/A
         d. $30,000 /year
         e. 2007-08
         f. Submitted Notification in March 2007

3.3. “Comparison, Reasoning, and Retrieval of Related Variations of Genomic Data From Distributed, Disparate Format Data Repositories”, Fellowship proposal for Master’s student Burcu Nemutlu.

a. Gregory L Vert , Sergiu Dascalu, Brian Beck
b. Graduate Fellowship EPSCOR Cognitive Information Processing
c. Alice Ward
d. Fellowship for Masters Student
e. 2 years
f. Not accepted

 4. Other research products

1. Software (where can it be downloaded from?)

We have a research website with collections of research papers and links to other research sites. The software can also be found at this website: 



www.cse.unr.edu/~bioinfor
2. Hardware (Location and images/movies of hardware in use)

Experiments were conducted on a DELL XPS 200 running Fedora Client 5, with 1 GB RAM, 2 intel Duo processors at 2.66GHz.
Experiments with larger data sets were conducted on a Mac G5, 4 GB RAM. 2.0GHz Intel Core 2 Duo processor.
For the future the programs will be parallelized and run on a SGI Altix 3000 server with 40 1.3Ghz Itanium 2 processors, 80 Gigabytes of RAM,  and 3 Terabytes of disk space.

http://www.aces.dri.edu:8888/facilities.jsp
5. Research impact

The impact of our on-going research can be summarized as follows:

a. We proposed methods for comparing sequences, tested them on live and artificial data. We use quality information that is already present in the data to enhance the alignment, thus we can use any of the existing genome sequences. Our methods can be easily adapted and used with existing tools such as Phrap, TIGR Assembler, etc. We aim to build software can be used with some of the existing tools. 
b. The proposed work opens a new direction in environmental sciences. Proposed approaches can apply fuzzy logic not only to sequence alignment but also to database searches. Therefore this research opens several other areas where fuzzy logic can be applied for approximate database search. The fuzzy similarity measures and the characteristic functions can be used elsewhere in genome informatics.
c. The method performs sequencing on low quality data while preserving the overall match quality, which cannot be done using current tools because they reject data that is low quality. We are researching on using fuzzy logic for data reduction. The data reduction techniques can be generalized and used for other problems.
d. One of our objectives is to sequence the meta-genomic (SYM) data obtained by Dr. Alison Murray and it make public through the GenBank for the scientific community.

e. We are collaborating with Dr. Craig Cray (Marine Biologist) by sharing ideas and meta-genomic data to create a novel method of separating organisms within a population by introducing already assembled marine organism’s sequences in unknown data and re-assembling them. Using known assembled sequences from the same environment will allow us to create a backbone sequence for the characteristic sequence.
f. We intend to create methods that would allow biologist to classify organisms within a population.  There has been work to separate organisms belonging to different species, but has not been done on a community. This is due to the complex nature of the sequence within the same community. We are conducting a study on nucleotide frequencies and other features of DNA sequences to create alternative methods for sequence alignment.
e. We have several projects that were result of this research. Two of which we will be submitting full proposals to NSF in Dec 2006 and NIH in Jan 2007.
6. Educational impact

a. The research topic will be a part of the PhD dissertation for Sara Nasser.
b. We have 5 Masters Student’s who are working on projects in Bioinformatics and fuzzy logic. The projects broadly are: 
1. Fuzzy data encoding
2. Databases for bioinformatics
3. Tri-nucleotide frequencies for classification of genome sequences
4. Encoding, measurement and storage of bioinformatics data.
The impact of this research results in two projects (3 and 4) that evolved directly from the research in the past year. For the other two projects certain techniques proposed by this research are being used.
7. Other notables

We are collaborating with several Biologists/Computer Science bioinformatics groups. Some of our collaborators include:
a. Dessert Research Institute, Reno 
b. Dr. Lee Weber, INBRE, UNR

c. Bioinformatics Center at University of Nevada Reno
d. Dr. James Foster, Professor, Computer Science, Bioinformatics and Biomedical Informatics, University of Idaho.
e. Dr. Craig Cary, Professor, Marine Biology and Biochemistry, University of Delaware.
