GCB 535 /CIS 535 Homework 5

Logistic regression

Circadian rhythmicity of biologic processes is a fundamental property of all eukaryotic and some prokaryotic organisms. These rhythms are driven by an internal time-keeping system. Changes in the external environment, particularly in the light-dark cycle, entrain this biologic clock. Under constant environmental conditions devoid of time cues, rhythms driven by the biologic clock show a period near, but usually not equal to, 24 hours. The bilaterally paired suprachiasmatic nuclei (SCN) of the hypothalamus are thought to contain the master circadian clock that regulates most, if not all, circadian rhythms in mammals. The CLOCK gene encodes a basic helix-loop-helix (bHLH)-PAS transcription factor that is essential for circadian rhythm. It has been shown experimentally that the Clock is one of the transcription binding factor for cry1, cry2, per1 and per2.  Clock and Bmal1 can bind to the E-box of per1 and start transcription.  Per1 and Cry can also inhibit the Bmal1 and form a negative feedback loop, as it is shown in the figure below. (Figure obtained from KEGG)
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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. The mRNA expression level for Clock, Per1, Per2, Cry1, Cry2, and one unknown probe is listed in the table below. 

	probe id
	gene symbol
	CT18-1
	CT 22-1
	CT 2-2
	CT 6-2
	CT 10-2
	CT 14-2
	CT 18-2
	CT 22-2
	CT 2-3
	CT 6-3
	CT 10-3

	92257_at
	clock 
	4.33
	3.77
	3.5
	4.73
	6.22
	5.34
	4.02
	4.77
	3.5
	4.82
	6.01

	93619_at
	per1
	3.261
	2.869
	2.68
	3.541
	4.584
	3.968
	3.044
	3.569
	2.68
	3.604
	4.437

	93694_at
	per2
	5.7765
	4.6447
	4.2116
	6.5913
	9.4907
	7.848
	5.2495
	6.5449
	4.1703
	6.7349
	9.2279

	97724_at
	cry2
	11.8338
	10.0353
	9.2018
	13.2133
	17.9425
	15.2059
	10.8882
	13.2712
	9.2355
	13.4679
	17.2913

	100122_at
	Gnb5
	0.9033
	-0.2265
	-0.9739
	1.0863
	-1.9195
	0.4497
	0.3922
	1.1667
	-0.971
	1.1294
	-1.2967

	94420_f_at
	cry1
	3.6205
	3.7789
	3.8306
	3.8156
	3.4504
	3.6726
	3.6651
	3.612
	3.4922
	3.8054
	3.8195

	
	label
	0
	0
	0
	1
	1
	1
	0
	1
	0
	1
	1


John further labeled each time point with 0/1 based on the expression of clock. 0 means that expression level of clock is below its average expression level, and 1 mean clock expression level is above its average expression level.  The above data will be posted on the course web site.

a) Apply logistic regression on each single probe, y is the label, x is the expression of a single probe, and determine if the expression probe (gene) correlates with clock? This is (almost) the same as computing the correlation between clock and each of the other genes, but you need a p-value. I.e., the question is can you reject with 95% confidence the null hypothesis that clock and each other gene is independent? (5 points)
b) Explain (i.e., look a the data and tell a story) why cry1 in one-variable logistic regression does not show significant correlation with clock expression level (2 points)
c) If you include all of the expression values into a logistic regression, which ones have significant coefficients?  Which ones are selected by stepwise regression. (If your software doesn't do this automatically, you will need to do this "manually", which should not take too long.)  If this differs from part (a), please explain. (3 points)

http://members.aol.com/johnp71/logistic.html provides a logistic regression algorithm online, or you can use R, Splus, JMP (available in the Towne Mezzanine and highly recommened, or Excel.

Pseudogenes and gene finding

A pseudogene can be defined as a DNA sequence that has high sequence imilarity to a functional gene, but is itself not functional -- that is, pseudogenes are not transcribed. One way in which pseudogenes are created is through duplication of a piece of the genome and insertion into some other location. The gene(s) that may be contained within that duplicated segment can lose functionality, and mutations (base changes) can accumulate over time. If we assume that the pseudogenes have no function, these base mutations will be randomly and uniformly distributed over the entire pseudogene.

As you might be able to guess, pseudogenes sometimes pose a problem for gene finding

algorithms, depending on what sorts of features the algorithms use. 

Let's say we have the following four DNA sequences:
• sequence A: contains a functional human gene

• sequence B: contains a paralog of the gene in A that is also functional, but has a different function from that gene

• sequence C: contains a mouse ortholog of the gene in A

• sequence D: contains a pseudogene derived from the gene in A

a) Compare the Ka/Ks ratios you would expect to get if you calculated them with respect to the mouse ortholog to the gene in A; the mouse ortholog to gene B; and the mouse ortholog to the pseudogene. Briefly explain why these ratios are similar or different. (5 points)

b) Compare the lengths of the longest ORFs you would expect to get when analyzing sequence A versus sequence D, which contains the pseudogene. Explain why they are different. (2 points)

c) Let’s say you have several ESTs derived from the mRNA product of the gene in A. Compare the sequence similarity scores (using, for example, Needleman-Wunsch) you would expect to get when comparing the ESTs to sequence A versus the ESTs to sequence B versus the ESTs to sequence D, and explain the differences or similarities. (3 points)
