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Qualitative and quantitative information on all transcribed sequences

Large-scale gene expression analysis

q q
(“Transcriptome”)

Changes during developmental processes and cell differentiation
Cell-type and tissue specific gene expression profiles
Genes induced and repressed in response to drugs or environmental hits
Genes regulated in response to cellular communication (signal transduction)
Genes regulated in response to hormones
Individual specificity of gene expression
Changes during neoplastic transformation or other disease

How to measure the activity of all genes (genome-wide) in cells/tissues 

(mRNA).

Sequencing methods

(EST)(EST)

SAGE (LongSAGE, CAGE)

direct re-sequencing (deep sequencing)

DNA microarrays, oligonucleotide microarrays.

Spotted arrays

Sequence approach

In situ synthesized oligo arrays

Bead-arrays®
Hybridization approach
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DNA chips: there are currently several types available:

Spotted

cDNA microarrays
DNA microarrays

10,000 - 40,000 probes / cm2 are spotted on glass 
slides using an automated microarrayer.

Probes are cDNA or PCR products representing 
known genes or simply EST

Chemically synthesized long oligonucleotides (50 –
70 nt) representing cds of known genes/EST) p g g /

DNA chips: there are currently several types available:

2. In situ synthesized

Oligonucleotide arrays 
(Affychip®)

Up to 450,000  20-25nt long oligonucleotides / cm2 are 
sythesized directly on the chip surface, using a

Affymetrix
sythesized directly on the chip surface, using a 
photolitographic technique. Each gene is represented by 
a “probeset” of 12-13 probes. 

Up to 250,000 different 30-60 nt long 
oligonucleotides / cm2 are sythesized directly on the 
chip surface, using an ink-jet technique.

Long oligonucleotide arrays 

Bead Arrays®

Illumina

Oligonucleotide probes (30-50 nt) are synthesized on 
beads, with a identification address. Beads are randomly 
arrayed on surfaces and position of each oligonucleotide 
determined using addresses.
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Spotted (pinspotted) DNA microarrays

1 ‐ 40,000 probes / cm2 are spotted on glass slides using an 
automated microarrayer.

A
automated microarrayer.

Probes are cDNA fragments or PCR products representing 
known genes or simply EST

Probe size: 200‐1,000 nt

B Same as above, but with:

Oligonucleotide probes (30 – 70 nt in lenght)

Single‐strand
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Up to 250,000 oligonucleotides / cm2 are sythesized directly on the chip surface, 
using an ink‐jet technique.

Long Oligonucleotide arrays  

These 60 nt long oligonucleotides represent sequences of known genes or EST 

In situ

Chemical synthesis of oligonucleotides

In situ

spotted

Spotted arrays, or ink-jet oligo arrays are commonly used for
relative measurements, i.e. to compare gene expression between
two biological samples. 

RNA from sample and from reference are labeled by introducing 
two different fluorochromes.

This allows co-hybridization of the two samples to the same chip, 
providing direct comparison by two-color analysis

The most common fluorochromes are the cyanines Cy3 (red) and 
Cy5 (green)
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How a spotted microarrays hybridized with two-colors probes looks like

1 cm

Short Oligonucleotide arrays (Affymetrix)

Up to millions of oligonucleotides / cm2 are synthesized directly on 
the chip surface, using a photolithographic technique.the chip surface, using a photolithographic technique.

These 20‐25 nt long oligonucleotides represent sequences of known 
genes or EST 

Chemical synthesis of oligonucleotides
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Affymetrix technology allows direct synthesis of oligonucleotides in micro-
zones on the glass slide by photolithograpy
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(Ovviamente, in ogni quadratino ci sono migliaia di oligonucleotidi uguali)
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One limitation: the lenght of oligonucleotides (20-25 nt)

This can give problems of aspecific hybridization due to:This can give problems of aspecific hybridization due to:
-Similar sequences can be present in different mRNAs
-Hybridization is done at the same temperature that is average of the 
optimal temperature for individual probe-target pairs

Affymetrix  gives one solution to these problems:

Affymetrix GeneChip probe set
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How an Affychip is used

How an Affychip result looks like

An oligonucleotide array 
(Affychip®) hybridized to 
biotin-labelled cRNA and 
revealed with fluorochrome-
conjugated avidin
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Last generation: 
Bead-arrays®

This kind of array was patented by
Illumina (San Diego, CA, USA
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Reading of microarrays is performed with laser scanners, which allow a 
quantitation of fluorescence in different channels

Scanners produce a table of values that are intensities at each spot. 
If using double colors, relative fluorescence intensities in two 
channels are read.
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First important difference to know is therefore:

Absolute versus relative measurement

Using hybridization reaction as an absolute measurement of RNA 
requires that the amount of probe on each spot be uniform and 
reproducible.

This is a requirement fullfilled by Affymetrix arrays and by the latest 
generation of in situ synthesized long-oligo arrays and bead arrays. 

In all the other cases, the amount of probe / spot is variable and 
unassessable, so that relative measurements are necessary.

Gene expression are 

Each column is a “sample”

p
represented as “heat maps”

Each row is a “gene” 
(better: a “probe”)
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Laser scanning
(or frequencies of a tag)
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Gene expression are p
represented as “heat maps”

Different expression profiles in human cells of 
different tissues: 1800 genes probes 
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This paper is included as a resource in the Moodle site.
It makes part of the course and students should read and study it

Saccaromyces 
cerevisiae

nitrogen-deficient medium 
induces sporulation
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How to measure the activity of all genes (genome-wide) in cells/tissues 

(mRNA).

Sequencing methods

(EST)(EST)

SAGE (LongSAGE, CAGE)

direct re-sequencing (deep sequencing)

DNA microarrays, oligonucleotide microarrays.

Spotted arrays

Sequence approach

In situ synthesized oligo arrays

Bead-arrays®
Hybridization approach

EST = expressed sequence tags

1. mRNA extraction from cells or tissues

how to create a cDNA library

2. cDNA synthesis (oligo‐dT or random‐primed)

3. cloning into plasmid vectors

4. sequencing from vector primers (200‐300nt)

5. Estimate expression from frequency

[Current EST Databases contain millions of EST]
automated DNA sequencing

[Current EST Databases contain millions of EST]

on line sequence databases, BLAST
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SAGE
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SAGE= Serial Analysis of Gene Expression

site for the 
tagging 

enzyme (TE)



16/11/2009

18

SAGE analysis produces a table
of frequencies for each tag

Frequencies are proportional to
representation of that tag in representation of that tag in 
the sample, i.e. to the level of
expression of that specific
mRNA

Students are expected to explore and use resources that are 
allocated in the Moodle website.

Some interactive problems and exercise are also present: I strongly
invite students to perform these activities.invite students to perform these activities.


