Utilizing Fuzzy Logic for Gene Sequence Construction from Sub Sequences and Characteristic Genome Derivation and Assembly

1. Background

Genome Sequencing
Environmental Sequencing

Genome Sequence Assembly

Genome sequencing is figuring out the order of DNA nucleotides, or bases, in a genome—the order of As, Cs, Gs, and Ts that make up an organism's DNA. Sequencing the genome is an important step towards understanding it. The whole genome can't be sequenced all at once because available methods of DNA sequencing can only handle short stretches of DNA at a time. The process of DNA sequence can be divided into several steps:

· reading sequences

· assembling

· finishing

a. Reading Sequences

Reading sequences is the process where and sequence reader reads raw sequences of DNA. The sequencer can only handle short sequences at a tine. Hence the entire sequence cannot be fed into the sequencer. Now the sequences are read into files called chromatograms. A Fourier transform on the chromatogram files is done to figure out the order of the bases in the genome. The result of this process is are subsequences that are readable my human or any simple program. This process has some limitations 

Much of the work involved in sequencing lies in putting together this giant biological jigsaw puzzle. Various problems occur such as errors in reading and flips. The "whole-genome shotgun" method, involves breaking the genome up into small pieces, sequencing the pieces, and reassembling the pieces into the full genome sequence. 
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Figure 1: Sequencing a Genome [x]

The process of sequencing begins by breaking the DNA into millions of random fragments, which are then “read” by a sequencing machine. Next, a computer program called an assembler pieces together the many overlapping reads and reconstructs the original sequence. [1]
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Figure 2: Process of Sequencing and Assembling
The rapid developments in molecular biological technologies over the past few years have changed the understanding of the evolution of bacteria. Even with the amount of research done in these areas there is lack of information about the properties of the globally distributed microbes. Modern genomic methods have been used to a small extent in genome sequencing. While these approaches are extremely informative when examining a single member of the community, they are not a practical approach for community level analysis. These preliminary studies provide a major drive for research that can only be accomplished by high throughput genomic approaches. 

Bacteria can often have minor variations in their DNA that can result in different metabolic characteristics. The differences can make it difficult to classify bacteria taxonomically and thus create clusters of related organisms with similar metabolic characteristics. What has been needed is a method of creating a characteristic representation (characteristic genome) from the sub sequences of DNA found in several sub variant of a bacteria of the same species.  Such genome could be used for more efficient classification at a molecular level through the process of controlled generalization. The question has been how to achieve this in an intuitive fashion that does not make black and white decisions about how to assemble a characteristics genome from n sub sequence derived from m individuals. 


Several methods have been studied for sequence assembly. Techniques such as  Neural Networks, hidden Markov models, and Bayesian networks are computationally expensive and require high performance computing with huge training. Currently most of the sequence applications do not tolerate any kind of inexactness or errors in sub sequence matching. String matching in nucleotide sequences is challenged by variation because there are few concepts in matching such as LIKE, NOT LIKE, or SIMILAR. 

Symbolic sequential data can be considered as either (1) exact matching or (2) approximate matching (most similar match). Quite often in real world data mining applications, especially in molecular biology, exact patterns do not exist and therefore, an approximate matching algorithm is required. Hence an algorithm that performs a match to a certain degree is desired.

Fuzzy Logic has been used extensively in approximate string matching using distance measures, etc. However, very little work has been done in application of building genomes from subsequences of nucleotides. Moreover this process becomes computationally expensive because multiple comparisons have to be performed for each possible string pair. The accuracy of any fuzzy matching system is partially determined by the error model used. An accurate system reflects the mechanism responsible for the variations in the match. Hence a flexible error metrics is desired that is generic for any fuzzy matching.

Current sequencing methods tend to be rejecting sequences that do not match with a high degree of similarity. This can lead to large amounts of data being rejected by algorithms that otherwise may be important in deriving a genomic sequence and the metabolic characteristics of such a sequence.
Environmental Genomics
Multiple sequence alignment is an important first step in many bioinformatics applications such as structure prediction, phylogenetic analysis and detection of key functional residues. The accuracy of these methods relies heavily on the quality of the underlying alignment. The traditional multiple sequence alignment problem is NP-hard, which means that it is impossible to solve for more than a few sequences [4]. In order to align a large number of sequences, many different approaches have been developed. 
Meta-genomics is the application of modern genomics techniques to the study of communities of microbial organisms directly in their natural environments, bypassing the need for isolation and lab cultivation of individual species. Bacteria can often have minor variations in their DNA that can result in different metabolic characteristics. The differences can make it difficult to classify bacteria taxonomically. What has been needed is a method of creating a characteristic representation (characteristic genome) from the sub sequences of DNA found in several sub variant of a bacteria of the same species. Such genome could be used for more efficient classification at a molecular level through the process of controlled generalization. 
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Outline problem:

The problem is to generate entire sequences of the data from the given subsequences and to create a characteristic genome sequence.
The problem to attain the entire genomic sequence can be further divided into two sub problems. Since we have more than one organism in the data, and we are trying to finish sequence for all of the organisms present. The first step would be to classify the subsequences by the organisms. So that subsequences of each organism fall into a different class. Then an assembler program can be used to assemble each individual class. 
The problem listed above depends on several factors:

1. The actual number of organisms are unknown, hence the number of classes.
2. Most of the organisms belong to same species since they were collected from the same habitat and hence their DNA structure could be quite similar.
3. Mutation of the nucleic acid in subsequence can results in problems.

4. Quality of the read sub sequences can affect the alignment process.
5. Some processes for alignment have certain parameters and others, choosing right parameters is critical to the results. Sometimes even choosing the parameters is a difficult process and there are tradeoffs. 
2. Goals

This research aims to ………………………..
3. Done so far
Simple alignment

Fuzzy Genome Sequencing
clustering

List limitations of phrap

4. What’s next?
Our research is at preliminary stages. We plan to have the following enhancements in the future.

1. Sequence Assembler Improvements

2. Fuzzy Techniques: We plan to have fuzzy weights and fuzzy matchers for the clustering.

3. Fusion of different genomic parameters such as matching the tetra nucleotides, tri nucleotides. This would further enhance the match.
4. Genetic Algorithms: Using Genetic Algorithms to perform assembly

The idea we have in mind for GAs is to start with a population of sequences, each chromosome in the population represents the assembled sequence. A weight is associated with each of the chromosome. The objective function is to maximize the weight.

The process can be viewed as solving a puzzle where instead of taking smaller pieces and putting them together we look at the possibilities of answers we may have. Then we measure the correctness of this solution. 

We have the set of unassembled sequences. We have a set of random sequences chromosomes in our population. We try to map the unassembled sequences to the chromosomes such that they maximize the (fuzzy) fitness function.   
To enhance our chances of finding the correct solution instead of randomly selecting the chromosomes of the population, we can start with contigs. The idea would be to generate contigs using one of the method described above. This will also help the GA converge.

5. Visual Tool: Assembly can still leave some gaps in sequences. These could be due to read errors and this cannot be solved by running the algorithm several times using different parameters. To solve this problem of missing nucleotides, assembly is often followed by a process where people manually look at the contigs and the sequences and make some decisions. There are visualization tools available to do this process.

We plan to create a GUI which is used to look at the contigs after assembly. Most of the available GUIs have a structure where the user has to click to several screens to look at values of a contig etc. We propose to create a 3D structure based on layers to view the contigs and the sequences involved in the same screen. We think that this will make it easier for a genomic scientist who is looking for the missing values.
Moreover some of the tools available can be used only with certain assembly programs. The users cannot use the GUI independently. Hence we would also like to generalize our tool where users can submit their files obtained from any assembler and view their results.
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Approach
Data Reduction:

RLE

Word Reduction using Dynamic Programming

Assembly:

Fuzzy LCS on reduced words
Curve fitting with RLE
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