o

=

&Sa

ve Junior Barrera .-

University of Sao Paulo




Layo_ut

-_-:Elhtrpductipn
¢ If’noWleElge evolution in Genetics
..+ Data acquisition
s * Data Analy31s ' *
. Ahsystem tor genetlc data ana1y81s

ool Applicatiofrs -




Tntréduétion '

Some medlcal mgnals are: EEG ECG ultra ‘
siaisene sound tomography, etc. 3

a55ess 1nformat10n about the human body -z

"2 5'“F0r fully eéxploration of these data, Digital -
~ " Signal Processing Techmques are: necessary

D

. DSP Algebra % St'atlstlcs + Cemputatlon




Tntréduétion '

Te-o-hmques for the 1dent1flcat10n of genetlc
e c—c*)de are well known

[ - =

. ThlS knowledge open ‘the way for one of the
e ““oreatest challenges of sciénce: the

a

understanding of genes fqnctlonahtx__




Introduction °

-_-:;Se-ts of_genes constitute dynamical syste;ﬁfs e
- == that control sequehces of Biocher_nicial :
- reactidns, called pathway

35550s The pathways in-a cell defme 1ts act1v1t1es :

* s &*States of large sets of genés can be observed
" by the mlcroarray technology ' gics

e Gene states observed m tine are dlgltal 1
slgnals ' ‘ |
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Tntréduétion '

.»:‘Gene states may describe properties of
-~ tissues. Pattern Récognition techniques
permits to predict tissue properties.
. Example: cancer classification

.+, .System Identification techniques permit to-_
* estimate nef architectures-and dynamics. -
Example ~control of cell division ™
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Knowledge evolution in genetics - .
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=9 Heredlty Mendel (1866) 3l
. The phenotypes of an 1nd1v1dual depends onT |
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Knowledge evolution in genetics -

-_-:iéhr-__omosqme Theory - Morgan (1910) __ :

¢ Genes were-situated in chromosomes




Tntroduotion '

-_-,, The- moleeular structure of. chromosomes :
(Watson and Crick -°195 3)

31§ DNA structure: the double hehx

* Four basrs adenlne(A) guamne(G)
thymme("[f) cytosine(C) ~

. genes are sequences of nucleotldes :
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.2..-DNA manipulation

¢ cut, replication and decoding




Tntréduétion '

Genetlc engmeermg

¢ spemes modlflcatlon drug productlon




Tntréduétion '

.»::Genes control the metabolism

¢ Metabolism occurs by seqﬂences_of '

[ - =

. Enzymes are spemﬁed by one or more -

S DERES °. °s
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.2;:Gene expression
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ata acquisition -

2mission

PCR amplifi
purification

( -":-"|1|:|||I|.'r
analysis




- Data acquisition - .




- Data acquisition - .

]

Signal intensities across array probes
Cye5 signal
Cyed signal

COKNTA Probes

Signal intensity

cecoecee
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Data Analysis" -

-_-:Data classes definition
& Relational search”
..+ .Data transformation - ;
s * Mining . i
: Iniegratlon of 1nf'ormat1®n

og2-2 Interpretations

L = 2




Data classes-definition .

L3 = - -

-
=]

Population

-
Protein structure
and dynamics

organism

DNA, Protein> = *
Gene Expression,
Gene. Networks
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elational Search
-_':Eé@t-__-a subset of the available data

¢ Define relations between c‘ategori_es-bf data

..+ Select by logical operations on relations-.

L




Data Transtormations

.»:-Image analysis

¢" Measures on DNA sequences

.. * Measure on.Protein sequences’




o =5 = R .

Examples DNA assembling, Pxotem and DNA homolbgy, DNA phllogeny,
genes charercterlzatlons of tissue, time pattern snmlarlty' o
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.2:-Clustering
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-_-ilClassificafion
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» “Altribute Space Dimension*
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Mining
..Dynamical System - -
initial

state =
v X2=Y2 1

Final state

Final state

»
L

X1=Yi

' ':Examﬁles : gene netwoiks, protein structure, cells, organisms, populdtions, drug
reagtion . .eee *** s :
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x[t + 1] = ®¢(x[t — N],...,x[t],...,x[t+ N],u[t — N],...,u[t],...,u[t + N]

y[t] = Ve(x|t — N, ...,x[t],...,x[t + N],u[t — N|,...,u[t],...,u[t + N])

(I)t :EZ{EN—I—I}ﬂ, — [
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Integration of Information . .~

o :dlfferent resolutlons data classes

¢ transformed data .
» selected data

L

E;; . ,IIliIl@d deit;ﬁ .




Iﬁterpretation‘j

o Integrated information

"y
ot

« Known cencepts .

Propose hypothesm
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A system for genetlc data
andlysis *
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« Database-*
» Analytical procedures
;.o Data mining-

- =.o*High'performance computing




S-ystém

aObj:gc{ed orierited database

2 = I - -
L
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...2" “Pi : analytical.and mining procedures (kernel parallel) = - =

~— [e] - I-_- -




System Architecture :

=
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Slice + -

Gonsulte rules and:
libraries :




Data Warehouse




Appli_caﬁons '

-
L

« Cancer tissue characterization
s Cell cycle snnulatlon
..s Inference from clusterlng

- s, »*Gene regulation .




¢ Problem:-from a small sef(EZO)?of
microarrays, find a minimum number. of -

.7 genes that are enough to- separate cancer A :
| and B. - - 2

&Sa




Approach fandomize data compute
= classifigr using genes subsets, measure error-
for different dispersions, choose the subset

iue o w..that balanee small error.and high dlspersmn
Forenssi A supercomputer is requlred '
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e Linear classifier

 Dispersion centered in the sample

«.. Flat round dispersion miigi_el. .

e Efror comiputed analytically (faster)_
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Error curves under various dispersion levels, ¢
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e Cell cycle-simulation

-

External Signal

- |
Receptors

L

o
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Ingredients Control

Excitation or Inhibition

o 0 ¢




Inference from clustering

Exa-mme the precision of sample- based
s cl-ustermg relative to-population 1nference

. Compalze the number of replicates of
* mlcroarray experiments '

LRy

=" o Compare the varfous clustering methaods -
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. Time*course dat
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KL plot
multidimensionhal space- -

ierent v

Iews dj

¢

1

|




measurement
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Class 2
[high variance]
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Clustering algorithms:.

.».-K-means .-
- " Fuzzy c-means
.. Seltf Organizing Map -

o Hierarchical (dendrogram)




CI’usteri_ng eITOrS i

H@W clustering errors change ‘as the number i
== Of rephcates Increases”? '




# of replicates
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Maps:.

171ng
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# of replicates
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Vari_\ance”s of Data x Replicates"

The- number of replicates required to get a
- féasonable clustering result varies,
*  deperiding on the variance of gene
.. ... expressiort levels '

.3, o Clustermg algorithm must-also-be chosen -

: correspondmgly to get the best clustermg i
7.~ algorithnr” No uiiivérsal clustering ~™* :
- . " algerithm! : s
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No replicate -
variapce = 0.25 - -

e 2" misclasificatio
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Tighter clusters due

= T Resulds frem Puzzy c-means

)




No replicate -
variance = 1.0
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L3 *
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No replicdte .=
" variance = 2.0
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5 replicates -
avariange,=0.25 '

NO-
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‘S replicates -
; varlance = 1.0~

[=]

Clusteks well Very few
separa’ceci duedtes misclassificatio
the replications* T

* and felatively =
small variance
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- 5 replicates
variance = 2.0
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Real Data Application:.

.».-Initial clustering to generate templates

=]
o

“*means

5 VElI'lElIlC@ r

- -]

Siter Slmulate time course data based on the
templates generated by: initial clustering -

a

-

— different number of rephcates .

o
L2 £

=" Apply Varlous clustenng methoeds
— expeet_ed,_elustermg error for each method.
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EU-CL

HC-CC-CL

K-means
SOM
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- Gene Regulation -

.».:Problem:-find the architecture of a gene -
- fégulation network from microarray data.

.l ® .Appr(;ach: choose small.subsets of gefies-(2,
“==:3 or 4), design classifier, compute the

se3e __aempirical“:error, choose the-minimum erTor -
" classifiet.. A supercomputer is req"uii‘g_d.

L -
o o




- Gene Regulation - .

-

Predictor 2

Target Gene Predictor 1

Predictor 3
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' Géne_ -Regulatibﬂ

L] -

p(-1,x1,x2) p(0,x1,x2) p(1,x1,x2) p(x1,x2)
0.05 0.1 0.05 0.2
0.03 0.03 0.04 0.1
0.02 0.01 0.07 0.1
0.01 0.01 0.03 0.05
0.03 0.01 0.01 0.05

—_ 1A OO

1
—

0.07 0.1 0.03 0.2

0.04 0.06 0.1 0.2
0.03 0.01 0.01 0.05
0.02 0.02 0.01 0.05

I
—_ —a = O




o o|o o|o o]o © ~|©o © ~|o © ~ o|lo o|eo © ~|o ©
© r~|o ~|o +~|]o - o]l - o]l - © | ~|o - o]lo ~

- o|- o|- o]l © O|~ © O]~ © © o|- o|- o o|r- ©

"l TH T
Sy — —

101N

1 =] ] = ] )

— - T T -

= = = =

1

0
0 0 0 O
0 0 0 O

1
1
1
gd 0 0

gulat

0
0
0

-

Condition
MMS[ 0 0 ©
MMS| 0 O
MMS[ 0O 0 0O O
Uuv 0 0 0 O
MMS[ 0 0 O

Molt4
RKO

€
)
E
©
o
=
=
c
)
£
=
©
o
X
)
)
<
=
o
L
°
o]
7]
o
Q
X
)
-
]
<
)
£
T
o
[
£
<
n
)
<
=
o
L
<
]
%)
c
<]
2
<
o
£
S
o

s.
c
]
=
c
o
o
s
g
c
[}
£
<
Q.
x
[0}
2
c
o
[}
£
©
pe!
el
2
(s}
Kol
Ke)
=3
(7]
1]
[0}
£
]
o
[0}
[
@
(%]
2
o
o

Cell line

Gene re




Gene regulation -

.»-:split data.in two parts: 2/3‘and 1/3
é° 2/3: training the predictor

2iee €uly/ 30 empiri'cal €ITOr measure i

o _create all predlctors with less than 4 genes
“"and measure their emplrleal error s




Gene -:r@gulation i

.. .,erepeat for- 256 random sphttmg and take
e thelr mean emplrlcal error-




-

0.993




Géne R_egulation i

L

.. .asome well known paths of- the graph Were
- Venfled : '

. The p0331ble new paths should be tested by
“*specific blochemical experiments “




