Bioinformatics Project:  Exploration of the pyrimidine biosynthetic pathway
Introduction

Remember these concepts:

Species can be related closely or distantly.  The measures used to estimate relationships vary widely.  Classically, biologists classified organisms using gross anatomy and physiology.  Organisms that have similar morphology or diet were judged to be related.  Microbiologists were no different, but both the anatomy (cell shape) and physiology (gram stain) of bacteria were on a tiny scale.  In the last 20 years, DNA sequencing has virtually replaced visual and physiological characteristics in estimating evolutionary relatedness.  Now we are able to sequence entire genomes, locate genes and compare these sequences between different species.  In addition to evolutionary relationships, we can compare higher order functions such as pathogenicity (Ch 10 in Russell)
Carl Woese was the first to use 16S ribosomal RNA sequences to completely redraw the evolutionary tree (Woese, 1990, Ch 25 in Russell).  These genes are required in EVERY organism, mutate very slowly, and of manageable size and information content.
Learning Outcomes
Today, we will use the approach of Bioinformatics—the use of computer science to store, retrieve and analyze biological data, particularly nucleic acid and protein sequence data--to compare sequences from many genomes to ask functional questions.  We will use NMPDR, a database platform which includes the sequence data of all completely sequenced species and the tools used to study them.
Through the analysis of genes that encode enzymes used to make pyrimidines, students will reinforce the connections between genotype, DNA, genes, the proteins they encode, and the phenotype.
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Instructions
In groups of 2-3, each group will be assigned a STEP of the biochemical pathway.  That group will investigate the gene(s) for the enzyme(s) that carry out that step.  Here are the general steps for this investigation:

1.
Enter the database Subsystem for this pathway:
a. From the home page of NMPDR, www.nmpdr.org, select the link for "Subsystems" in the main body of the page.  After reading about subsystems, select the link to search the subsystems tree. This will open a hierarchical list of the available subsystems in NMPDR.  
b. Find the category labeled "Nucleosides and Nucleotides," and then click on the link for De Novo Pyrimidine Synthesis.  Wait for the Subsystem Spreadsheet to load.  
2.
Once the page is loaded, take a few minutes to look at the features.  Explore the several tabs.  
c. The subsystem is described in the notes tab.

d. Compare the column headings in the spreadsheet to the pathway diagram.  
· What is shown on the spreadsheet?
· What do the numbers in the spreadsheet cells represent?

· What does it mean if cells in the same row are shown with the same background color?

· What does it mean if cells in the same row are shown with different background colors?  
e. Your group has been assigned a biochemical step in the pathway.  Circle the step so you remember it.
· Which gene(s) encode the enzyme that performs that step?  If your step lists more than one gene, why might that be?  

3.
Focus on YOUR gene in Escherichia coli.

f. Return to the Subsystem Spreadsheet.  The genomes are presented in phylogenetic order.  
g. Type "Escherichia" in the heading of the organism column, then press enter.  Find the row for the strain O157:H7.  
h. In this row, click on the cell corresponding to the gene name you have been assigned.  This will open the Protein Page describing the protein encoded by your assigned gene.

4.
Protein Page: The figure at the bottom displays the physical, genomic context of the gene you chose, your “focus gene.”  Arrows represent genes.  Your gene is shown in red in the top row.  Genes that are nearby to this focus gene in many other organisms are shaded with grey background boxes.  Genes without background boxes are in close to this gene in very few other organisms.

· Why are some arrows pointing in different directions?

5.
Display your gene and the nearby region for many species.

i. The Compare Regions view may be expanded tomore than the focus plus 4 other genomes that are shown by default.  Increase the number of regions shown to 56, then click the draw button.
6.
Analyze.

j. In the expanded display, each line represents a region of the genome of a different organism.  The name of the organism and the identity of the genes are shown in a box that pops up when you mouse over them.  The genomes are listed on this page according to the phylogenetic relationships of the organisms.  Genes that share the same number and color are homologous.   The display is centered on the red gene, number 1, which is the gene of focus.  The label numbers correspond to the rank-ordered frequency of co-localization.  In other words, the gene labeled #2 is the most frequently found close by the focus gene.  A gene labeled #3 is the next most frequent and so on.  
k. Scroll through this display slowly.  It may be a bit overwhelming, but focus on the pattern of the colored arrows.

l. Find a group of lines that have a similar pattern of colored arrows.  Notice the species names.  Usually, this will be a group of closely related species or even strains of one species.
7.
Narrow down the number of species.

m. Click the advanced button to expand the controls for the graphic.  Select the radio button to collapse close genomes (so you don't end up with a display showing only many strains of E. coli, Salmonella, and Yersinia), then click the draw button.

n. Use the check boxes to select Escherichia coli O157:H7 and two more distantly related species.  
o. Now click the button to update the display.
· Describe how well the pattern of genes shown in the three genomes match or how different they are.  Can you explain why?
Next activities: 
Relate back to a wet lab:  You have several strains, each defective in ONE of the genes we have studied.  Predict which ones will grow on these media:


Rich growth medium


Minimal medium with no pyrimidine source


Minimal medium plus uracil


Minimal medium plus orotate (IV on the pathway)


Minimal medium plus ____ (another from the pathway)


Minimal medium plus ____ (another from the pathway)

Compare this gene in different species, and make a phylogeny.

Use signature genes tool.  Use as Reference and included genomes the 2 strains of S. pyogenes that are serotype M1 (use the Strep reference page to find these).  Use all the other S. pyogenes as excluded.  Look at only matches with an E of 1, which means they are found in the 2 included strains and NONE of the excluded.
Find a basic gene sequence from one genome, search another genome to find the gene in this second species.

Example: In the original Subsystem Spreadsheet, the first Archaea species, Aeropyrum pernix K1, does not show an identified gene for pyrAA or pyrAB.  Is this gene pair really absent or has it not been identified?
Genetics Textbook:

Russell, PJ.  iGenetics: a Molecular Approach, 2nd edition, 2006, Benjamin Cummings

Woese, CR, O Kandler, ML Wheelis, PNAS USA:87 4576-79, 1990.
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