Large-scale gene expression analysis

Qualitative and quantitative information on all transcribed sequences
(“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)

SAGE (LongSAGE, CAGE)

direct re-sequencing (deep sequencing) Sequence approach
DNA microarrays, oligonucleotide microarrays.

Spotted arrays

In situ synthesized oligo arrays

Bead ® Hybridization approach
ead-arrays




DNA chips: there are currently several types available:

Spotted
CDNA microarrays 10,000 - 40,000 probes / cm? are spotted on glass
DNA microarrays 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

DNA chips: there are currently several types available:

2. In situ synthesized

Oligonucleotide arrays  yp to 450,000 20-25nt long oligonucleotides / cm? are

(Affychip®) sythesized directly on the chip surface, using a

Affymetrix photolitographic technique. Each gene is represented by
a “probeset” of 12-13 probes.

Long oligonucleotide arrays . . 550,000 different 30-60 nt long
oligonucleotides / cm? are sythesized directly on the
chip surface, using an ink-jet technique.

Bead Arrays® 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.

Tllumina



Spotted (pinspotted) DNA microarrays

A 1 - 40,000 probes / cm? are spotted on glass slides using an
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)
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Long Oligonucleotide arrays

Up to 250,000 oligonucleotides / cm? are sythesized directly on the chip surface,
using an ink-jet technique.

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

Chemical synthesis of oligonucleotides

Insitu

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)



How a spotted microarrays hybridized with two-colors probes looks like

1cm

Short Oligonucleotide arrays (Affymetrix)

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

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

Chemical synthesis of oligonucleotides



Affymetrix technology allows direct synthesis of oligonucleotides in micro-
zohes on the glass slide by photolithograpy
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(Ovviamente, in ogni quadratino ci sono migliaia di oligonucleotidi uguali)



One limitation: the lenght of oligonucleotides (20-25 nt)

This can give problems of aspecific hybridization due to:
-Similar sequences can be present in different mMRNAs

-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

mRMA reference sequence

Spaced DNA probe pai
Fslarance sequence / \ s pro%e pairs

c TGTGATGGTGOGAATGEGGTCAGAAGGACTCCTATGTGGGTGACGAGGEE
AATGGGTCAGA ACTCCTATGTGGGTG  Perlact Match Oligo
AATGGGTCAGA

ACTCCTATGTGGGTG  Mismaich Oligo
Paffect malch probe cells

Flucrescence Intensity Image

Mismatch probs cells




How an Affychip is used

B
Total ANA cDNA

How an Affychip result looks like

An oligonucleotide array
(Affychip®) hybridized to
biotin-labelled cRNA and
revealed with fluorochrome-
conjugated avidin




Last generation:
Bead-arrays®

This kind of array was patented by
lllumina (San Diego, CA, USA

FIGURE 1: Fiber-optics form the basic substrate for the
Sentrix Arrey Metrix platform.
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Direct Hybridization Assay Overview

Blotin
@® Labeled
TN

50 bases

A 50-base gene-specific probe linked to short address.
This probe is hybridized to labeled nucleic acid derived from
total RNA.

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 spof.
If using double colors, relative fluorescence intensities in fwo
channels are read.



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
represented as “heat maps”

Each row is a “gene”
(better: a “probe”)




Laser scanning
(or frequencies of a tag) Table Of fluorescence
intensities

: B

Data normalization

4 ‘ ?BE?I%M

Sample X
Gene Id.

Transformation to Representation ERa .

false-color code of results Keratin 17
->6-fold Troponin |
-3-6-fold Integrin 4
-1-3-fold GATA bp3
equal to median AP-2a
+1-3-fold Join results from
+3-6-fold different samples W8 £ 7T

+>6'f0|d ......

Cluster analysis 1

->6-fold
-3-6-fold
-1-3-fold
— equal to median
Q +1-3-fold
O @ +3-6-fold
gg%@%ﬁtg +>6-fold
S50PYNON
IIShoosr
HNF3a
KDR/FIk1
ERa
Keratin 17
Troponin |
Integrin B4
GATA bp3

AP-2a



Cluster analysis 2 ->6-fold
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Gene expression are
represented as “heat maps”

Different expression profiles in human cells of
different tissues: 1800 genes probes




Saccaromyces

The Transcriptional Program of
Sporulation in Budding Yeast

S. Chu,* ). DeRisi,* M. Eisen, ). Mulholland, D. Botstein,
P. O. Brown, I. Herskowitz{

Diploid cells of budding yeast produce haploid cells through the develop-
mental program of sporulation, which consists of meiosis and spore mor-
phogenesis. DNA microarrays containing nearly every yeast gene were used
to assay changes in gene expression during sporulation. At least seven
distinct temporal patterns of induction were observed. The transcription
factor Ndt80 appeared to be important for induction of a large group of
genes at the end of meiotic prophase. Consensus sequences known or
proposed to be responsible for temporal regulation could be identified solely
from analysis of sequences of coordinately expressed genes. The temporal
expression pattern provided clues to potential functions of hundreds of
previously uncharacterized genes, some of which have vertebrate homologs
that may function during gametogenesis.

SCIENCE VOL 282 23 OCTOBER 1998

This paper is included as a resource in the Moodle site.
It makes part of the course and students should read and study it
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How to measure the activity of all genes (genome-wide) in cells/tissues
(MRNA).

Sequencing methods
(EST)
SAGE (LongSAGE, CAGE)
direct re-sequencing (deep sequencing) Sequence approach
DNA microarrays, oligonucleotide microarrays.
Spotted arrays
In situ synthesized oligo arrays

Bead <® Hybridization approach
ead-array

how to create a cDNA library
EST = expressed sequence tags

mRNA extraction from cells or tissues
cDNA synthesis (oligo-dT or random-primed)
cloning into plasmid vectors

sequencing from vector primers (200-300nt)

A A

Estimate expression from frequency

automated DNA sequencing

[Current EST Databases contain millions of EST]

on line sequence databases, BLAST



SAGE il
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Serial Analysis of Gene Expression

Victor E. Velculescu, Lin Zhang, Bert Yogelstein,
Kenneth W. Kinzler*

The characteristics of an crganism are determined by 1be genes expressad within i, &
method was ceveloped, called seral analysis of gene expression (SAGEL. that allows the
quantitative and simultansous analysis of & large number of trenscripts. To demenstrats
1his strateqgy, short diagnoslic sequence tags were isalated from pancreas, concatenated,
and cloned. Mareal sequoncing of 1000 1ags revealed & gene expression pattern char-
acteristic of pancreatic function. Mew pancrealic transcripts conesponding fo novel lags
wore idaniified. SAGE should provide 4 broadly applicabla means for the quantiative
caldogng and companison of exprossed genes ina vanely of normal, develoamental, and
disease states.
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Cleave with anchoring enzyme (AE)
* Bind to streptavidin beads

¥ Divide in half ")

Ligate to linkers (A + B)

+ Cleave with tagging enzyme (TE)

Blunt end
GEATCCATEONCNCINE SATGCATEO00000000
cc: m:racmm
—— [eivey s
TE AE  Tag TE AE Tag
‘ Ligate and amplify with x
primers A and B

BT T —

Ditag—

Isolate ditags
Concatenate and clone

..... CATGEX OOOCATGIX

+ Cleave with anchoring enzyme

O00000C OOO0OOGETAS = ===~
I
SE \“Tag 1= YTag 2— = Tag 3— =Tag +—" =
AE Ditag » AE o Ditag 3 AE
Fig. 1. Schematic of SAGE. The anchonng enzyme is Nia lll and ing enzyme s Fok L Sequencs
colored red and green represent primer-orved sequences, whereas biue represents fransoript:
sequences. with X and O indicating nucizotices of different tags. See text for further explanation,
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SAGE= Serial Analysis of Gene Expression

AE site
Heterogeneous 1 :l:%\% ®
cDNA population with AE
site for specific 2 :.:TTTTTT—.
restriction nuclease

(anchoring enzyme, AE) 3 :.:TTTTTT—.

1. Cleave with anchoring enzyme e.g. Nialll
2. Bind to streptavidin beads

—AAAAAA
GTAC———TTTTT1—8)
2
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GTAC————— TTTTT1—8)
3
—=_ AAAAAA
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Cleave with Cleave with
tagging enzyme, TE tagging enzyme, TE
e.g. Fok 1 e.g. Fok 1

_GGATGCATGM
1. Ligate E———CC TACGTAC v\l

2. Amplify with primers AE TAG of
specific for A and B 9 nucleotides

— GGATGCATG
—————ICCTACGIAC
]

| I—— |
AE  TAG of
9 nucleotides

5 )
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e ]
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1. Cleave with anchoring enzyme
2. Isolate ditags

3. Concatenate

4. Clone
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SAGE analysis produces a table
of frequencies for each tag

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

Table 1, Pancreatic SAGE tags Tag indicates the 9-bp sequence dentilying each tag, adacent lo the

* 4-bp anchoring Nia Il site. # 2nd Percent indicate the number of tmes the lag was dentified ad &5

incicates the description and acossson number of the GenBark reloase

frequency,
L s?mmmummmmhmmwwmwm&mﬁmemmmmme

foligring exceptions. When muliple entries weee identified because of duplicaled onlies (7, coly one
entry i Ssted. For chwmotypsinogen and Lypsinogen 1, other genes triphosphatase and

{adencsing
' myosin alkall light chain, respeciively) wen idetified that wers pracictod to conlain the same tags, bul

subsecuent bk zation and sequence analysis identifad the Ested gonas as 1he SOUCE of Ihe Lags. Alu
ey indhcales 3 malch with a GenBank eniry for 8 trangcript tnat continad at kst one copry of the Alu
CONBEnEs

saquence {15,

Tag Gana n Percant

+ GAGCACACC Procarbanypepticase A1 BETIE) B4 16
TICTGTGTG Penoreatic rypsinogen 2 (M27E02: 46 55

| GAACACAMA Clwgrry M24400% a7 44
TCAGGGTGA Pancrealic ypsn 1 (ME2612) k<) ar
GCGTGACCA Elastase I8 M18EAT} 20 24
GIGTGETGCT Protesss E (DO0306) 16 19
TCATTRGCC Pancroatic kpase (MI3285} 18 18
CCAGAGAGT Frocarbonypeplidase B (M3105T) 14 1.7
TCETCAMAA Mo rmatch isee Tapk, 2. P1) 14 1.7
AGCCTTGGET Bile st stimulatad ipase ((54457) 12 14
GIGTEOGCT o match 1 13

TGCGAGACC No match (ses Table 2 F2) ] 11

, GTGAAACCC 21 Ay enirics & 10
GETGACTCT No mateh 8 1.0
AAGOTAACA Secretory trypain nhibiter (M1 1948) 6 o7
TCCCCTGTG No match 5 06
GTGACCACG No matgh k] 05

. CCTGTAATC MG 156, MZO36E, 11 Al entrios 5 06
CACGTTGGA No match i 06
AGCCCTACA No match 5 05

' AGGACCTCC Elmbmhcuzt,zﬂase: 5 05
ACGCAGGGA 5 (il

+ AATTOAAGA 5 06
TICTGTEEE 4 05
TTCATACAC ma 4 05
GTGGLAGGT NF-«B (X51499), Al enlry {S04541) 4 as
GTAAAACCC TNF raceptor | (MS5994], Alu entiy (01 448) 4 05

+ GAACACACA No match 4 a5
COTGGGAAG Pancrealic mucin LJO5562) 4 0.5

. COCATOGTC Meochencial CytC cxdcase [X15759) 4 05
. BAGE tags ocouming: Greater than thrise tmes 380 452
Thres times (15 = 3 =) 45 54

Two timeg (32 x 2 =) B4 TE

One: time 351 41.8

Totsl SBAGE tags B840 1000
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Students are expected to explore and use resources that are
allocated in the Moodle website.

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



