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Measuring gene expression

So far we’ve learnt how to measure gene expression levels

• But, how to we evaluate whether two samples have a different
expression pattern?

• Or, how do we identify which genes are differentially
expressed?
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Comparing two samples: scatter plot

Direct comparison of two samples

Remember: Normalization is important prior to any comparison



Comparing two samples: smear plot

Display how similar are two samples for different expression levels

This is a commonly used graphical display in gene expression
analysis
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Comparison of two samples

Which of these pairs are significantly different?
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Variances and errors

• Variability of a set of values is measured as the VARIANCE

V =
1

n

n∑
i=1

(xi − µ)2 (1)

• If we know the variance we can estimate the Standard Error of
the Mean (SEM)



Biological and technical replicates

To calculate Variances we need multiple measures of each gene:

• Biological replicates: variability among individuals

• Technical replicates: variability due to the method



Assessing differences

• The t-test, which you have used extensively during your
degree, is also used in differential gene expression analysis

• Usually paired t-test, or a non-parametric test (Wilcoxon)

• Use ANOVA for more than 2 groups

• State-of-the-art methods use probabilistic models (e.g.
Negative Binomial)

• For each gene we will have a p-value: the smaller it is, the
more significant the difference
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Display statistical differences: volcano plot

This plot identifies differentially expressed genes for:

• a given fold change

• a given statistical significance
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False positives

• A p-value is the probability
of accepting a hypothesis
that is actually false

• In other words, is the
probability of a reported
difference to be a false
positive

• If we perform multiple
comparison, a p-value of
0.05 may not be good
enough

• We have to account for
multiple comparisons
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FDR and q-values

• False Discovery Rate (FDR) is a procedure by which we
control the maximum number of false positives

• The ’math’ bit can be found in Wikipedia

• A modification of the FDR is the q-value, which is the
equivalent to a p-value but for a false discovery rate

• The important thing is that you understand that p-values
need to be corrected!
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Sex-biased expression of genes

Innocenti et al. (2010) doi:10.1371/journal.pbio.1000335



Silkworm genes expressed in the silk glands

Xia et al. (2007) doi:10.1186/gb-2007-8-8-r162



RECAP

Follow these simple steps to compare expression profiles:

• DESIGN

• REPLICATE

• NORMALIZE

• ASSESS
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Practical overview

• Extract gene expression information from databases

• Compare gene expression profile of TS21 and non-TS21
samples

• Find differentially expressed genes



Recommended readings

Differential gene expression:

• Pevsner J (2009) Bioinformatics and Functional Genomics.
John Wiley & Sons. Chapter 9

• Mutz K-O et al. (2013) Transcriptome analysis using
next-generation sequencing. Curr Op Biotech 24:22-30

Web resources:

• RNA-Seq at http://en.wikipedia.org/wiki/RNA-Seq


	Measuring differences
	Assessing differences
	Multiple comparisons
	Applications
	Practical overview

