BIOS 426/826
Midterm Exam

Due by 23:59, November 11, 2015
Name:
Any late submission is not acceptable. 

You may use any resources, including any books, papers, and web pages, but you may NOT discuss this exam with any other person, except the instructor.
To submit your answers for the following problems, please show the numbers/figures you get and the commands you used. You need to show all commands and results with screen snapshots if you use R.  
Q1.  Microarray Quality Assessment 
We discussed quality assessment metric for Microarray assays. We will apply them to the Spikein133 data set, which we already know how to use in HW #6.
(1.3) Calculate 3’/5’ ratios of actin and GAPDH for Spikein133 data set.

(1.2) Detect possible RNA degradation with AffyRNAdeg plots. Please use AffyRNAdeg functions to plot the covariation with probe position for six samples of spikein133. Please briefly interpret the plot result you obtain.

Q2. RNA-seq data analysis for samples without replicate
Please download data file, “RNAseq_data_noreplicate.txt”, from our class website. The data file has the numbers of raw reads for genes in Arabidopsis for one control and one PEG treatment experiments. There were no replicates for two experiments. In HW5, we already learned how to read RNA-seq data into a matrix.
(2.1) After you get the matrix, please an MA plot by using the function “ma.plot”.
(2.2) Please use edgeR to do the analysis, and please show results for top 15 differentially expressed genes ranked by their p-values.
(2.3) Please use DESeq to do the analysis, please show results for top 15 differentially expressed genes ranked by their p-values.
(2.4) Based on the results of DESeq, please make a volcano plot.
Q3. Make a heatmap and a dendrogram 
Please download data file, “RNA_seq_data.txt”, from our class website. The data file has been used in HW #5 before.
(3.1) Make heatmap for the top 30 rows for all six samples by using the function of “heatmap”. To use the data in rows from 1 to 30 of all columns in a matrix variable “y”, you can write “y[1:30, ]”.
(3.2) Do the hierarchical clustering for six samples and make a dendrogram this data set. Please use Pearson correlation distance and centroid. Please briefly discuss meaning of the tree you make.
Q4. Suppose the same test has been performed for 10 genes and results in the following p-values:

	Gene
	A
	B
	C
	D
	E
	F
	G
	H
	I
	G

	P-values
	0.24
	0.062
	0.013
	0.009
	0.086
	0.015
	0.079
	0.011
	0.020
	0.053


(a) Which genes would you declare to be significant if you were to use the Bonferroni method to control FWER at the 0.10 level (α=0.10)?   
(b) Which genes would you declare to be significant if you were to use the Holm's method to control FWER at the 0.10 level (α=0.10)?
(c) Provide the adjusted p-value for each gene using Bonferroni method and Holm's method, respectively.
(d) Which genes would you declare to be significant if you were to use the Benjamini and Hochberg's method to control FDR at the 0.10 level (α=0.10)?  
(e) Please compare family wise error rate (FWER) and false discovery rate (FDR). What is the advantage of using FDR?
Q5. Enrichment test

Enrichment test is often used in our research. For example, we find 10 up-regulated genes after a treatment if comparing them with the gene expression profiles in the control. Interestingly, we also find 4 of them are involved in the biological process of the regulation of response to stress. We also know in the whole genome, total 287 genes are involved in this biological process, while the total number of genes is 20,000. Therefore, we want to know if these 4 genes are significantly enriched in the up-regulated genes after the treatment? To answer this question, people often use the hypergeometric test to calculate the P-value, and see if the P-value is smaller than 0.05. In statistics, the hypergeometric distribution is a discrete probability distribution that describes the number of successes in a sequence of n draws from a finite population without replacement. Suppose you are to draw "n" marbles (10 genes) without replacement from an urn containing "N" marbles in total (the total number of genes in the whole genome), "m" of which are white (287 genes in the specific biological process).  The probability to draw k white marbles (4 genes in the same biological process) is given by
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where the binomial coefficients can be calculated by
        [image: image2.emf]


€ 



k
m( ) =



m!
(m − k)!k!










   

k

m

( )

=

m!

(

m

-

k

)!

k

!

.

For the hypergeometric test, we want to calculate the total probability (P-value) to draw ≥k white marbles (≥4 genes). This means we need to sum all probabilities together for k, k+1, …, n. If this P-value is smaller than 0.05, we reject the null hypothesis. The biological meaning is that those 4 genes significantly enriched in all up-regulated genes after the treatment, compared with total 287 genes in the whole genome. So, can you calculate the P-value for this hypergeometric test? Are those 4 genes enriched in all up-regulated genes? In R, there is a function to calculate the Probability of hypergeometric distribution. Please find this R function out, and use this function to calculate this test (the total probability).
