Course 341: Introduction to Bioinformatics

2004/2005, 2005/2006, 2006/2007


Course 341: Introduction to Bioinformatics

Answers to Microarray Bioinformatics Tutorial 4 

(Review questions on differential gene expression analysis)

a. Explain what is meant by an up regulated gene and a down regulated gene.

A gene is up-regulated in state 2 compared to state 1 if it has a higher value in state 2.

A gene is down-regulated in state 2 compared to state 1 if it has a lower value in state 2.
b. Explain what is meant by fold change, and provide formulae for calculating it.
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The Fold change (or fold ratio) is a measure used to compare two values of gene expression. It is calculated by taking the logarithm of the ratio of both expression values.
c. Explain what is meant by a paired experiment and an un-paired experiment. What would we compare between groups in each type? How does this affect calculating the t-test? What is the formula for t-value in each?

Paired experiments involve measurements from the same individuals (or very similar individuals e.g. twins) under different conditions. In such a case you can get away by comparing pairs of measurements for each individual directly. You can thus summarise the change in the whole group by studying the differences between the pairs of measurements, e.g. by looking at mean of such differences and their s.d..

In unpaired experiments, the assumption does not hold (the individuals are different and you cannot relate individual measurements directly or subtract from another), so you have to compare the two groups, and have to look at the mean of each group and its s.d. and compare these to the mean and s.d. of the other group. 

The formulae for paired/unpaired t-tests are given in the lecture notes.

d. What is meant by a two tail t-test? Right tail / Left tail t-tests?

In two tail tests you are only interested if the two populations are different (you don’t care if the change was positive or negative so long as the measurements in one group are far enough in either way from the mean value of the other group). 

Right tail and Left tail tests are stronger, they insist that the measurements in one group are higher/lower than those in the other group.
e. In the lecture slides, I made an analogy between t-value and a signal to noise ratio. What does this mean, and do you think this makes sense?

The Signal and Noise represent the numerator and denominator of the t-value formula (Signal represents the numerator, Noise represents the denominator).In paired tests, signal is the average difference between both groups (High signal means the difference is high), and Noise is the fluctuation in that difference (Low noise means small fluctuations). The analogy holds for the unpaired case also. In both cases, a large SNR means the differences are high and the fluctuation (noise) is low.
f. What is the number of degrees of freedom for a paired t-test when each of the samples has 10 data elements?

10-1=9

g. What is the number of degrees of freedom for two unpaired data sets, the first having 4 elements and the second having 6 elements?

4+6-2=8

h. Explain the volcano plot method for assessing the effect and significance over a large number of genes. Why is it useful? Make sure you explain:

a. How effect and significance are calculated in the volcano plot.

b. What is the numerical interpretation of the X-axis in a volcano plot.

c. What is the numerical interpretation of the y-axis in the volcano plot.

You are trying to compare a very large number of fold changes to quickly assess which genes have an effect that is both high and significant. You use a scatter plot, each point represents a gene. The co-ordinates represent the magnitude of the effect for  that gene and its significance.

Effect is calculated as the difference between the two population means, Significance is calculated by calculating the p-value from a t-test.

The x-axis represents the average fold change. A value of 0 means no change, a value of  +1 means the effect in the gene is doubled (-1 effect is halved), a value of +2 means the effect is 4 times, etc …

The y-axis represents the number of decimal points in the p-value calculated, the higher you are on the y-axis, the lower the p-value (and hence the higher your confidence that the effect is true and not just by chance).
(Problems)

9. The following table provides expression values for the A, B and C genes measured in ear and nose tissues in rats. You are interested in finding genes that are differentially expressed between these two organs.

	Rat ID
	Gene ID
	Ear
	Nose

	1
	A
	100
	50

	2
	A
	20
	10

	3
	A
	64
	128

	4
	A
	20
	20

	1
	B
	32
	16

	2
	B
	24
	12

	3
	B
	17
	34

	4
	B
	28
	14

	1
	C
	1
	1

	2
	C
	10
	10

	3
	C
	50
	50

	4
	C
	25
	25


a. Calculate the fold change for each row in the table (nose compared to ear) and identify which are up-regulated and which are down regulated.

	Rat ID
	Gene ID
	Ear
	Nose
	Fold Change
	Regulated

	1
	A
	100
	50
	-1
	Down

	2
	A
	20
	10
	-1
	Down

	3
	A
	64
	128
	1
	UP

	4
	A
	20
	20
	0
	-

	1
	B
	32
	16
	-1
	Down

	2
	B
	24
	12
	-1
	Down

	3
	B
	17
	34
	1
	UP

	4
	B
	28
	14
	-1
	DOWN

	1
	C
	1
	1
	0
	-

	2
	C
	10
	10
	0
	-

	3
	C
	50
	50
	0
	-

	4
	C
	25
	25
	0
	-


b. Is this a paired experiment or an unpaired experiment?

From a gene fold change point of view (since I am interested in gene expression change between two states), this is a paired experiment: (same gene in same rat) measured in two states. You many want to put the table in the following format and check that each column in one group matches one column in the other (same individual).

	Gene ID
	Rat 1 Ear
	Rat 2 Ear
	Rat 3 Ear
	Rat 4 Ear
	Rat 1 Nose
	Rat 2 Nose
	Rat 3 Nose
	Rat 4   Nose

	A
	100
	20
	64
	20
	50
	10
	128
	20

	B
	32
	24
	17
	28
	16
	12
	34
	14

	C
	1
	10
	50
	25
	1
	10
	50
	25


c. Calculate a t-value for each gene.

For each gene, n=4

We need to calculate the difference between pairs of measurements for an individual and then calculate the mean and s.d. of the of the differences. 


We then calculate the t-value based on the formula



t= mean(diff)/(s.d.(diff)/sqrt(n))
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For Gene A

Note on average, gene A is up regulated (positive mean difference). Magnitude of the mean difference  is low (4) , s.d. is high (41) and t-value is low
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Note on average, it is down regulated (negative mean difference). Magnitude of the mean difference  is medium, s.d. is not hat and t-value is medium
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Note No change. t-value is 0
d. In order to calculate a p-value, you need to identify the number of degrees of freedom, what are they for this data set?

Paired experiment, 4 pairs, d.f. = 4-1=3.

e. Perform a volcano plot analysis and draw the resulting graph (You can use the table of t,v,p values in the appendix).

Note Fold change for A:  log2 (mean(Nose)/mean(ear)) = log2(1.02)=0.028

Same for B and C. 

	
	Fold Change
	t-value
	p-value
	-LOG(p-value)

	A
	0.028569
	
	-0.195
	0.857
	0.068405
	

	B
	-0.78588
	
	2.16
	0.1195
	0.92
	

	C
	0
	
	0
	1
	0
	


Plot shown below:
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10. The following table provides expression values for 5 genes measured from two groups of rats (WT, and KO)

The following table provides expression values for 5 genes measured from two groups of rats (WT, and KO)
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a. Is this a paired or un-paired experiment? What are the degrees of freedom?

For each gene, this is an unpaired experiment, two independent groups wild type and knock out. Degrees of freedom, v = n1+n2-2=6 

b. Perform a volcano plot analysis of the results and identify which genes have high effect and high significance (You can use t, v, p values table provided in the appendix)

We need to calculate mean of each group and also s.d. for each group

We then calculate difference between means, and the fold ratio this gives the x-axis

We then calculate a t-value based on the formula for unpaired

Then we look-up a p-value

Then we take –log10(p-value) for the y axis.

For gene A: 

mean for WT= (10+20+30+40)/4 = 25

s.d. for WT= sqrt(1/4*(10-25)^2 + (30-25)^2+30-25)^2+(40-25)^2)) = 11.18

Similarly 

Mean for KO = 125, s.d. = 11.18

Mean KO – Mean WT = 125-25 = 100, Ratio = 125/25 = 5

x-axis co-ordinate = Fold ratio = log2(5) = 2.32

t-value = (mean(WT) – mean (KO)) / SQRT (s.d(WT)/4 + s.d. (KO)/4)


     = 100/(sqrt(11.18/4+11.18/4) = 42.3

      From table p(42.3, 6) = 0.0000000012

      y-axis co-ordinate = log(0.0000000012)/log(10) = 7.93

For Gene B

Mean WT = 25, s.d. =12.34

Mean KO= 65, s.d. = 11.18

Mean KO – Mean WT = 65-25 = 40, Ratio = 65/25 = 2.6

x-axis co-ordinate = Fold ratio = log2(2.6) = 1.38

t-value = 16.5

p-value = 0.000003

y co-ordinate = 5.5

For Gene C

Mean WT = 25.25, s.d. = 13.16

Mean KO = 30, s.d. =11.18

Mean KO – Mean WT = 30-25 .25= 4.75, Ratio = 30/25.5 = 1.19

x-axis co-ordinate = Fold ratio = log2(1.19) = 0.25

t-value = 1.93

p-value = 0.1

y co-ordinate = 0.99

For Gene D 

Mean WT = 25, s.d. = 11.18

Mean KO = 16, s.d. = 11.18

Mean KO – Mean WT = 16-25 = -9, Ratio = 16/25 = 0.64

x-axis co-ordinate = Fold ratio = log2(0.64) = -0.64

t-value = -3.8

p-value = 0.0089

y co-ordinate = 2.04

For Gene E

Mean WT= 25, s.d. =11.18

Mean KO = 25, s.d. = 11.18

Mean KO – Mean WT = 25-25 = 0, Ratio = 25/5 = 1

x-axis co-ordinate = Fold ratio = log2(0) = 0

t-value = 0

p-value = 1

y co-ordinate = 0
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Table showing p-values for selected t and v values:

	T
	v
	p-value

	0
	3
	1.000000000

	0
	6
	1.000000000

	0.195
	3
	0.857852104

	0.195
	6
	0.851828488

	1.93
	3
	0.149166296

	1.93
	6
	0.101844206

	2.16
	3
	0.119575671

	2.16
	6
	0.074076866

	3.8
	3
	0.032004589

	3.8
	6
	0.008967800

	16.5
	3
	0.000484513

	16.5
	6
	0.000003159

	42.3
	3
	0.000029079

	42.3
	6
	0.000000012
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