Yeast Showdown I : Image processing

A very common result of a GWAS (genome wide association study) in humans is a set of mutant alleles potentially responsible for a disease.  However, it is not always possible to pin down the exact gene, and often there are too many potential leads to follow up in vertebrate models. Fortunately, some of these genes have homologues in the yeast Saccharomyces cerevisiae.  One direction in my lab is to use S. cerevisiae to create a functional assay for a number of potential human disease genes.  

Chris Walsh's lab has identified some mutant alleles of genes in patients who were diagnosed with Autism Spectrum Disorders (ASD).  Interesting, several of the genes were involved in glycine metabolism.  Strong alleles of these genes are known to cause a disease called NKH (Nonketotic Hyperglycinemia), which presents with severe mental retardation.  Their hypothesis is that some weaker alleles could cause ASD.  Several of the genes identified were conserved in yeast.  Clearly, yeast does not suffer from autism, but there can be a direct correlation between the effect of the mutation on each organism’s unique function.  We therefore wanted to generate a sensitive assay to determine if the mutant human alleles could be affecting the function of these glycine metabolism genes.  

In the following examples we replaced a yeast gene involved in glycine metabolism (GCV1) with either the human wild-type (AMT1) or the human mutant alleles.  There are two assays we can perform to understand the consequences of the mutant allele.  

1. If the effect on glycine metabolism is strong, we can perform a competitive growth assay that can determine if the mutation causes a fitness, or growth, disadvantage (this will be an exercise later).  
2. If the effect is weaker, it might not substantially affect fitness, but it might change glycine levels.  Therefore, we can make a downstream reporter that is sensitive to glycine levels.

We will first analyze data from the second assay above.  Because the cells can be very responsive to environmental conditions, we want to co-culture the human mutant and human wild-type allele harboring strains so they experience the exact same environment. To do this the wild-type strain is marked with constitutively expressed RFP (Red Fluorescent Protein) and the mutant is marked with constitutively expressed YFP (Yellow Fluorescent Protein); therefore one fluoresces red, and the other fluoresces yellow. In both strains we integrate a promoter that is responsive to glycine metabolism fused to CFP (Cyan Fluorescent Protein).  

If the human mutant allele affects glycine metabolism differently than the human wild-type allele, the two strains will express different amounts of CFP.  As our signal is weak, we will use to microscopy, as it is the most sensitive way to detect fluorescence.

Experiment: 
You inoculate a tube of growth media with both yeast strains, let them grow, and image the cells under the microscope.  You take separate images for phase-contrast, RFP, CFP and YFP.   The phase-contrast image uses standard non-fluorescent imaging, and the other images only see the fluorophore for which they are designed (mostly).  Now you want to determine if the mutant cells differ from the wild-type cells in their glycine metabolism.  
 
There are three images: RFP, CFP, and YFP.  
1. To explore the data:
a. Visualize each of the fluorescent channels separately.  
b. If you overlay the images, what do you expect to see?  Overlay them to form a single image with each channel represented by a Red, Green or Blue. Because of camera settings, they are all on different intensity scales, make sure to normalize each image such that each pixel is a value between 0 and 1.   Are there any colors that you didn’t expect to see? Why did this happen?
2. Do the pixels that come from RFP or YFP cells have a higher CFP value?  What's the mean and standard deviation of each group of pixels?

Extras:
1. Is the difference in CFP intensity significant? 
2. Find the background CFP level for the image (the CFP values from outside the cells).  When you take into account the background is the difference still significant?
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