Emily Niman

VCU BBSI Summer Proposal 2006

Development of a Java-Based Program for Population Graphs: Determining the Minimal Amount of Data Necessary for Accurate Analysis

Introduction

A network or visual plot of connected points can be constructed for almost any real world situation where the goal is to understand the relationship amongst interacting objects.  Specific examples include the pattern of scientific paper citations, hyperlinks in the World Wide Web, epidemics, and terrorism4.  The topology of a graph is the  pattern of connections between the nodes.  It  describes the relationship amongst interacting nodes and contains information on the underlying rules that dictate the graphs construction. 2,4.  


In a genetic context, statistical analyses of population data are usually based on summary statistics or pair wise analysis that can explain broad trends but not specific details.  A common analysis, AMOVA (Analysis of Molecular Variance), will determine whether there exists structure among population samples or not2.  To gain a better understanding of how variation is distributed, Population Graphs were designed to allow the introspection of large amounts of genetic data.  They aid in providing a better understanding of how populations are structured in  time and space and in explaining evolutionary processes that have acted upon the populations being studied.  

The primary objective of Population Graphs is to identify the significance of relationships and topological features among all populations simultaneously2.  AMOVA can indicate if there is a significant amount of variation among the individual populations, but Population Graphs provide the explanation; they demonstrate how variation is distributed amongst the nodes.  This information is extremely helpful in analyzing paths of genetic evolution1.  Two common migration models for analysis of variation among populations are the N-Island Model and the Stepping-Stone Model which are based on the overall structure of the population graph1.  Under the N-Island model, all populations are allowed to mate with equal frequency, whereas the Stepping-Stone Model requires spatially proximate populations to mate with higher frequencies.  For the Stepping-Stone model the StAMOVA (StepwiseAMOVA), an extension of AMOVA, was developed to analyze the magnitude and relative importance of ongoing inter-population processes and patterns of mating as well as additional factors simultaneously3.  Additionally, the current statistical methods for population data do not address significant details that explain the complexity of intrapopulation relationships, which is exactly what Population Graphs quantify2.  

When dealing with extensive amounts of data contained in matrices, this statistical analysis can become very involved and time consuming.  The possibility of limiting the amount of analysis needed to accurately explain evolutionary processes along with the significance of individual populations in Population Graphs would be extraordinarily helpful.  The goal of this research is to develop an affective program that can determine the minimal number of data sets and graphs necessary to conduct appropriate and accurate analysis of structure among population without excluding potentially significant information.     

Methods


Numerous data sets containing genetic information gathered from a database will be used to construct Population Graphs in the Dyer Laboratory at VCU.  A program will be developed to mine this database and determine how many data sets and graphs are necessary to accurately describe processes depicted by Population Graphs.  The program will be written using Java 5.0 update 4 and will be deployed on the dyerlab.bio.vcu.edu web server.  It will read in data matrices, either provided by the user or gathered from a local database,  that will then be dissected and statistically analyzed with established statistical power for Population Graph analysis.  By filtering noise from the data, trends in the statistical results will then be used to determine the amount of data necessary to draw accurate conclusions from Population Graph statistics.  

Possible Results and Implications


A possible result of this research and program will be the development of a useful tool for efficient Population Graph analysis.  This will provide an efficient method for statistical analysis of genetic population data that will limit the time and effort necessary to reach an accurate conclusion based on Population Graphs.  The use of computer programming resources will significantly aid in the understanding of sampling requirements for high throughput population studies.  
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