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Overview

Transcriptomics.

Microarrays
SAGE

Proteomics.
2D, gels, 2D DIGE
Mass-spec
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Iranscriptomics. questions

Question: which genes or groups of genes are
differentially expressed between two (or more) cell
types/samples?

Microarray method: mRNA/cDNA 1s labeled and
hybridizes on an array of genes (CDNAs); the

intensity of the signal corresponds to the abundance
of the mRNA
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Source: http://www.fao.org/DOCREP/003/X6884E/x6884¢00.jpg



Affymetrix microarrays

Source: http://www.affymetrix.com/
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cDNA arrays: points of caution

Variability/noise:
e cross-hybridization variability
* a priori knowledge of gene structure

e fluorescence dye variability
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Affy chips: general comments
Variability/noise:
e cross-hybridization variability

* a priori knowledge of gene structure
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Experimental design

Location/spot variability:
* replicate spots

e distribute them around the array

Grouped Probe Set Distributed Probe Set
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Experimental design (cntd)

Camncer Sample
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Experimental design (cntd)

Array variability:

* replicate whole experiment! (not just technical
replicas)
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Data pre-processing

Data extraction:

* Identify (and exclude) “damaged” areas
 Spot 1dentification

* Spot quality control

* Quantification

Data transformation:
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Data pre-processing (cntd)

Data normalization:
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Data analysis
Supervised learning (classification):

 Main aim: to build robust classifiers

* k (known) classes of genes exist

« Examples of expression levels for these genes are
available

 Rules are learnt from the examples and applied 1n
new cases (of unknown class)
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Data analysis (cntd)

Unsupervised learning (clustering):

 Main aim: to 1dentify subsets (clusters) of genes that
“behave similarly”

* No labels exist a priori

e The number of clusters, £, 1s usually unknown

» Application in discovery of biological information
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Unsupervised learning

K-means clustering algorithm :
Start with a guess for the k cluster centers

Select k centroids at random or at the maximum
distance from each other (Euclidean distance)

For each point, find the closest cluster centroid

Replace each centroid by the coordinate-wise
average of all data points that are closest to it

Repeat steps #3 and #4 until no change 1n the
cluster memberships

Repeat the algorithm for different values of £
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Unsupervised learning (cntd)

Hierarchical clustering algorithm (divisive):
Calculate all pairwise distances between data points
The two closest points are joined into a cluster

Calculate the centroid of the cluster and calculate
the pairwise distances from this point to all other
points

Repeat steps #2 and #3 until no points left

Hierarchical clustering algorithm (agglomerative):
_The reverse of the divisive algorithm.
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Hierarchical clustering
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Hierarchical clustering (cntd)
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Source: http://www.oncology.cam.ac.uk/images/JB2.gif
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SAGE

l Microdissection/cell purification
®®® . . .
oD Serial Analysis of Gene Expression
@ .
| Olgo-dT bends and doutle Velculescu et al., Science (1995)
stranded cDNA synthesis

Formation of defined position

l within each transcript by
cleavage with anchoring enzyme

(usually Nialll)

Release of SAGE tags after
ligation to a linker with a type IIS

restriction enzyme site and '

cleavage with the tagging . Absolute

enzyme (usually BsmFl) SAGETag Tag Count (in 100 000 tags) abundance
CATGGACGTCTTAAT ] 33 TAGS 0.033%

Formation of ditags, followed by CATGGTGACCTCCTT | 63 TAGS 0.063%

PCR amplification and PR ” o
CATGTGAAGAGAAG 22 TAGS 0.022%

concatemerization to facilitate =ERREEAREA " :—l °

7] sequencing CATGAGTGGAGGTGG - 9 TAGS 0.009%

Nlalll

Sequencing and data analysis site trends in Genetics
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Microarrays vs. SAGE

Microarrays: SAGE:

¢ h}’bridization Varlablhty ° time/resource Consuming

¢ apriOVi kﬂOWledge Of the ° Sequencing errors

genes (exact or non-exact decrease efficiency
structure)
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Proteomics technologies

2D gels (classical)

2D Difference gel electrophoresis (DIGE)
Mass fingerprinting (e.g., MALDI-TOF)
Antibody arrays

Multi ligand arrays
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2D gels
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2D DIGE

Cy5 labelling Quantification

S ij /\ s | t{' 8

i/
R
L

.
——

2D-gel A Identification
Cy3 labeliing BT ‘L7 Y
\ . T %
U BT T
Rato

Source: Petricoin et al. (2002) Nature Rev Drug Discov. 1:683
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2D DIGE (cntd)

Cy5 and Cy3 DIGE 2D Gel Cy5

Courtesy: Massimo Trucco MD, Children’s Hospital of Pittsburgh
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Mass-spec fingerprinting

Protein Proteolytic peptides Mass spectrum
| ‘I | I|
M/Z
Protein Theoretical Theoretical
sequence proteolytic peptides mass spectrum
GLSDGEWQLVLNVWGKVEADI PGHG GLSDGEWQLVLNVIWGK
QEVLIRLFKGHPETLEKFDKFKHLK VEADIPGHGQEVLIR
SEDEMKASEDLKKHGATVLTALGGI LFKGHPETLEK
VKYLEFISECIIQVLQSKHEGDFGA % SEDEUK — || | || | |||
DAQGAMNKALELFRKDMASNYKELG ASEDLK
FQG
M/Z

Courtesy. Steve Ringquist PhD, RANGOS Research Center
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2D gels & mass-spec
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Ettan Spot Handling Workstation }

Source: http://www. amershambiosciences.com
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Antibody arrays

ChemiArray” Protocol
m s

Cocktail of Biotinylated HRP
Cytokine Antibodies conjugated-Streptavidin

) |
o e o > @A&iﬁ 0> ﬁ(;@{f .f
phsss QP Ladhq phsiihq

Array with S
immobilized antibodies
.é. /
Sample 1 Incubate sample with 2 Incubate array with 3 Incubate array with
antibody-coated array Cytokine antibody cocktail conjugated HRP-streptavidin
1-2 hrs 1-2 hrs 1 hr

[ 4

lu [ « | 8

5 Data analysis 4 Detect signal

Source: http://www.chemicon.com
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Multi ligand arrays

Protein Probe

AR

Protein Antibody Antigen Allergen Peptide Aptamer Small Mole Carbohydrate

Protein-carbohyd.
interactions

Protein-small
mole. interactions

Enzyme-substrate
interactions

Protein-ligand
interactions

Allergen profiling

Antibody-antigen
interactions

Protein-nucleic
acid interactions

Protein-lipid
interactions

Protein-protein
interactions

Source: Zhu (2003) Ann Rev Biochem

28

© 2006 P. Benos

\O
S
S
[\
1
m_
—
\O
S
S
N
p—
op]
aa]
aa]




Techwologies for

proteinv-DNA inleractions
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Overview

In vivo target 1identification.
ChIP, ChIP-on-chip

In vitro target 1dentification.
SELEX
Phage display
Protein-DNA 1nteraction chips
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Chromatin immunoprecipitation
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romatin immunoprecipitation

(ChIP)

sonication .
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Chromatin immunoprecipitation

(ChIP)
é‘ -

doo =

> O

+ Ab

BBSI 2006 1-JUN-2006 © 2006 P. Benos 33



Chromatin immunoprecipitation

(ChIP)
e

— @

LM-PCR

Proteinase K
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ChiIP-on-chip

Autoregulation Multi-Component Loop Feedforward Loop
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Source: Lee et al. Science 2002 298




ChIP-on-chip: yeast study

A
A

Chromatin IP to enrich
promoters bound
by regulator in vivo

:i::

Regulator Tag

— = —

106 strains, each
with a tagged
regulator

Fig. 1. Systematic genome-wide location analysis for yeast transcription
regulators. (A) Methodology. Yeast transcriptional regulators were
tagged by introducing the coding sequence for a c-myc epitope tag into
the normal genomic locus for each regulator. Of the yeast strains
constructed in this fashion, 106 contained a single epitope-tagged reg-
ulator whose expression could be detected in rich growth conditions.
Chromatin immunoprecipitation (ChIP) was performed on each of these

BBSI 2006 1-JUN-2006

P-value 0.05
35,365 interactions

P-value 0.01
12,040 interactions

P-value 0.005
8,190 interactions
Microarray to identify
promoters bound
by regulator in vivo

P-value 0.001
3,985 interactions

106 strains. Promoter regions enriched through the ChIP procedure were
identified by hybridization to microarrays containing a genome-wide set
of yeast promoter regions. (B) Effect of P value threshold. The sum of all
regulator-promoter region interactions is displayed as a function of
varying P value thresholds applied to the entire location data set for the
106 regulators. More stringent P values reduce the number of interac-
tions reported but decrease the likelihood of false-positive results.

Source: Lee et al. Science 2002 298:799-804

© 2006 P. Benos 36



Homologous recombination

Fig.1 EBasics of gap-repair cloning in yeast

gene of interest

)
Flanking sequences
complementary to the
ends of a2 gapped plasmid
' are added by PCR,

"+-. "]t' Afgap” is created in the
vector (usually by restriction
digestion), Yeast are transformed

with vector and insert, and carry

out homolegous recombination
Loy repalr e gap.

Source: http://www.biology.duke.edu/model-system/ymsg/cloning.html
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ChiP-on-chip : yeast study (cntd)

Autoregulation Multi-Component Loop Feedforward Loop
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Source: Lee et al. Science 2002 298:799-804
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yeast study (cntd)
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ChIP-on-chip: spot normalization

Single Array Error Model.
Intensity spot ratio (X):
¥ a, — a,
(s, +s,+ f(q +a,))/2
X 1s Normally distributed.
/, s; and s, are chosen so that Var(X) = 1.

Significance of X.
P(X=x)=2-(I-erf(Ixl))  wto=— [
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ChIP-on-chip: multiple measurements

Uncertainty.

o= log,,(a,/a,)
X

Weights (w,).

Method: minimum variance weighted average

Average measurement ratio.

X= (2 W, xi)/(zwi)
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SELEX

Systematic Evolution of Ligands by EXponetial enrichment
Tuerk and Gold, Science (1990)

primer-1 GCGNNNGCG primer-2

PCR amplification

re-amplification

selectlon

’ > sequencing
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Phage display

§5-GCC GAC GGG GCT ( NNK ),.GGG GCC GCT GGG GCCY"

i "~

AFFINITY SELECTION

Biopanning)
: Wm‘gUp dI?OI"IO NHy-ADGA-X15-GAAGA-plll coat protein
- ll Amp.m " “\15-mer Random Peptide Library
Amino Acid uences Function of
DN?%?:qngem?ng ooooo«xfgoooo s Fotimipint
Peptide PEPlidES
L * Synthesis
R / ssDNA
Consensus Motif g Carbohydrate-amino acid
2 ©0--9----00-- Intera:t‘l':n
o
& Ml )

Search of Hydroge o&c
Sugar-binding Proteins m" }f.{\

Figure Selection of ganglioside-binding peptides from phage peptide library and the
analysis of carbohydrate-peptide interaction

Source: http://www.glycoforum.gr.jp/science/word/glycotechnology/GT-CO8E.html
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Selection data

SELEX Phage display
srsdhltthazi1r 5'gcg gaa gcg
5'9gcg 999 gcg SsQGGNL1VRhLT
59gcg ggg gag sSNGGN1GRhAhME
5gcg ggt gcg SARSNLTLRhTTF
>'gcg tgg gcg sLQSN1LVRhQTFr
>'gag 9ggg gcg SsIASN1LLRhQTFr

lLtRh1ir 5'gcg cag gcg

g9gg gcg SRGDH1KDhIhTIK
tgg gcg SRSDH1TThTIr
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Protein-DNA chips

F1 Fo F3

D 1)1 2|34 sle |7 8 9
: XIx xIxIv xIx |H X RK

B. wildtype RIS DJHJL T|THH I R

5 g RGPD R|cg PIDIL A|[RIH G R

TATATAGCGNNNG ATATATCAAGTCAATCGGTCC REDV RIEDIVIL I|R|H G K

,ATATAT,CGC,NNN_CGCATATATAGHCAGWAGCCAGG/,VE LRHN L|{R H|IN|L E|T|H MR

3 5 KASN K|IA sIN|JL V|S|H I R

Source: Bulyk et al., Nucl Ascids Res (2002)
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Protein-DNA chips (cntd)

A
A wildtype
B
C
7170 >1,000
>
D Fluorescence Intensity vs Apparent Kd
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Source: Bulyk et al., Proc Natl Acad Sci USA (2001)
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Source: Bulyk et al., Nucl Ascids Res (2002)



Quantitative data: band-shifts

50 -

- ~atif}— Oct-1 Supershift

- ~ail}— Oct-1 Shift

percent ds DNA bound

0 2 4 6 8 10
»
S = = < pmoles protein

Source: http://www.piercenet.com/media/super_octl.jpg Source: http://www.biomedcentral.com/content/figures/1471-2091-3-13-3.jpg
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Quantitative data: QuMFRA

Quantitative Multiple Fluorescence Relative Affinity
Man and Stormo, Nucl Acids Res (2001)
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Quantitative data: QuMFRA (cntd)
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KA(Dl) _ [P'D1]/[P]'[D1] _ [P'D1]/[P'D2]
KA(Dz) [P'Dz]/[P]'[Dz] [Dl]/[Dz]

Source: Man and Stormo, Nucl Acids Res (2001)
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