CSC 570: Bioinformatics Algorithms

Development of Algorithms to Model and Assess E. coli Pyroprinting

Customer: Dr. Michael Black, Associate Professor, Department of Biology

Part I - Modeling to Predict DNA Sequences via Pyroprints

Question:

Can a pyroprint be reverse engineered to determine the seven sequences that were used to generate it?

· Determine if it is possible to accurately model the raw data from a pyroprint using an algorithm that generates cyber pyroprints from known sequences.

· Use the modeling algorithm to predict the sequences and ratios of DNA molecules used to generate a pyroprint.

Description:

The process of pyroprinting sequences results in reduced peak heights as the number of dispensations increase.  This phenomenon would not occur when predicting pyroprints “in silico”.  To more closely mimic the actual raw data generated from pyroprinting, this loss in peak height would need to be modeled.  To accomplish this task, raw data from actual pyroprints using known DNA sequences and known ratios will be provided.

Part II - Computational Assessment of the Capacity of Pyroprinting to Differentiate Between Hypothetical Strains 

Question:

What is the probability of obtaining a matching pyroprint from two isolates that differ in their sequence, or ratio of sequences, in one or both of the variable regions?

· Collect unique sequences (alleles) that fall within the region that is pyroprinted for both variable sites and combine them into groups of seven such that every possible combination can be generated.

· Use Pearson correlation to determine the number of distinct pyroprints that can be produced from the collected set of DNA using each variable site on its own and in combination. 

· Determine the strain composition of matches in terms of distinct sequences and ratios in each set of seven for matches that can be defined by the user (e.g., 90%, 95%, 99% Pearson correlations). 

· Identify the minimum number of dispensations that can be used to differentiate between the different strains 

Description:

Sequences of two variable sites (16-23 and 23-5) will be provided from genomes of 36 E. coli strains that have been fully sequenced (each strain will have 7 sequences for each site) as well as partial sequences of 50 more strains where individual copies of the 16-23 and 23-5 sites have been sequenced.  The first step in this task will be to identify all of the DNA fragments that would have unique sequences in the region that will be pyroprinted (alleles). These alleles will then be used to construct all of the possible hypothetical strains by assembling groups of seven with different alleles and different ratios of the alleles.  Using an algorithm to mimic pyroprinting (with and without the modifications set up in Part I), Pearson correlation will be used for pair-wise comparisons between each strain.

Part III – Evaluate the composition of known E. coli genomes 

Question:

Based the sequences from 36 E. coli genomes, how many different strains could be identified by pyroprinting the two variable sites?

· Determine the number of different sequences in the regions that are pyroprinted in each of the two variable sites.

· Characterize each strain based on the alleles it possesses and the ratios of the alleles.

· Match the strains based on user defined Pearson correlations, as done in Part II, such that the alleles and ratios are presented for each strain that matches at the user defined correlation value. 

Description:

This part will be similar to Part II, but instead of constructing hypothetical strains, the 36 fully sequenced E. coli will be analyzed as individuals.  

