GCB535/CIS535 Homework 7
1. (10 pts) Experimental design: The following is an example of results from a spotted microarray done on mouse liver tissue:

	
	Clock knockout
	
	
	WT
	
	

	Gene 
	Cy3
	Cy5
	Ratio
	
	Cy3
	Cy5
	Ratio

	A
	2300
	8028
	0.286497
	
	8022
	7600
	1.055526

	B
	201
	100
	2.01
	
	100
	140
	0.714286

	C
	8000
	3082
	2.595717
	
	2022
	2800
	0.722143

	D
	2020
	1200
	1.683333
	
	1900
	1870
	1.016043


Cy3 = experimental sample, Cy5 = reference sample, Ratio= Cy3/Cy5
This experiment used a common reference to be able to make comparisons between the two conditions.

a) How would the data look if you had performed a loop-style microarray experiment – that is, ran both the normal breast tissue and breast tumor on the same array? Provide a table similar to the ones above, clearly indicating which sample is which and your expected expression ratios.

b) What is the main disadvantage of using the loop-style experiment rather than the common reference?
2. (5 pts)  An inducible transgenic animal is one that carries a foreign gene that has been deliberately inserted into its genome. The foreign gene is constructed using recombinant DNA methodology. In addition to a structural gene, the DNA usually includes other sequences to enable it to be incorporated into the DNA of the host and to be expressed correctly by the cells of the host.  The structural gene is usually a homolog of an endogenous gene in the animal and can be induced by external stimuli. An example of this kind is the inducible MYC transgenic mouse, where the foreign gene is a fusion of c-MYC (an oncogene in human) and a strong promoter tetO. The expression of c-MYC can be induced by feeding doxcyclocline to the transgenic mouse.  
An affymetrix array is done on the MYC transgenic mouse,  please explain whether the affymetrix array will measure the endogenouse gene expression or the trans-gene expression. (Hint: 3’ UTR) 
3. (15 pts)  In order to address the c-MYC function in oncogenic pathways, Dr. Spence did 40 affymetrix arrays under 4 conditions, which are labeled with different colors in the figure below. His student Nathan wants to assess whether there are systematic difference among the arrays. So he applied a PCA on the 40 arrays and projects each array as a spot in the first two principal components as shown below. He also wants to build a classifier based on the PCA projection data. 
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Evaluate each of the following techniques in terms of how well they would do in this situation. Specifically, for hierarchical and k-means, describe what sort of clusters you would end up with, with this data. For all three methods, describe how you would go about classifying a new point (i.e., a new pair of expression levels for the two genes that represent an unknown condition) as belonging to condition A, B, or C, and how accurate you expect the classification to be.

a) Hierarchical clustering using single-linkage based on Euclidean (straight-line) instances

b) K-means clustering, explain what should we set k to (3, 4 or 5)?
c) K-nearest neighbors using 9 neighbors  (the nearest neighbor of any point is the closest other point to it according to Euclidean distance)
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6. (20 points) John, a PhD student from Dr. Panda’s lab has used gene expression profiling to identify cycling transcripts in the SCN. . He entrained C57BL/6J mice to a 12-hour light, 12-hour dark cycle (LD12:12) under constant temperature for two weeks, and then he transferred the mice to constant darkness. Starting at 30 hr after lights off, which corresponds to circadian time 18 (CT18), tissue samples were collected from ten mice every 4 hr for two complete circadian cycles. At each time points, he collected 3 mice and measured their mRNA expression using 4 arrays. 
Hierarchical clustering: 
John pulled out a listed Clock regulated genes from a database. It contains about 800 genes.  You can download the expression file from  http://www.seas.upenn.edu/~cis535/HW/panda.txt
Try to perform the hierarchical clustering on the set of genes in the data set given using cluster3.0. Check “Cluster” in the Genes dialog window. Select “Correlation (uncentered)” for similarity metric. Then click the “Average linkage” button. This will generate a .cdt and a .gtr file in your data directory. Load the .cdt file into the TreeView program. Based on the shape of the tree, pick out a set of genes that are more closely correlated than the rest of the genes. 

Do the same analysis using Euclidean distance.   Do you see a difference in the resulting tree compared with the previous one? 

What cellular process do the genes you selected take part in? Export a list of five genes from TreeView and try to use AmiGo http://www.geneontology.org/ to identify the key word for GO-process that has been enriched in this gene set. 
Tools: 

1. Cluster 3.0: For download and install on your own computer: http://bonsai.ims.u-tokyo.ac.jp/~mdehoon/software/cluster/software.htm 

2. TreeView: For download and install on your own computer: http://jtreeview.sourceforge.net/ 
3. Data: A small example:

 http://www.seas.upenn.edu/~cis535/HW/panda.txt 
4. On-line Manual for Cluster 3.0: 

http://bonsai.ims.u-tokyo.ac.jp/~mdehoon/software/cluster/manual/index.html 
