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Introduction
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Interaction Graph
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Probabilistic Genetic Network
(PGN )



Expression of gene i attime t;  x[t]l {- L0,+1

State of the reqgulatory network at time t:

Network dynamics: Xt +1] =7(Xt])

X[t]
X,[t]
X[t] = .

Xo[1]
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f=" x[t+1 =7, (Xt])

x,[t]

/

predictors

f » X[t+1] «——— target



Probabilistic Genetic Network (PGN)

[t
1 p(t]x [t X [1])
X[t+0= 0 p(O|x[t].x[t])
-1 p(- 110t [t)
a0

$y,zwl {-101, yt z* w:
PCY [ %;1t] X [t]) >> p(z] x;[t], X [t]) + p(w] X, [t], X [t])
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This system
- depends just on the previous time
- IS time translation invariant

- Is a conditionally independent Markov chain

PO+ (1) = O plx[t+11 4]

- Is characterized by the conditional probabillities
p(x[t+1] [ Xt])
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PGN Design
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Distribution of Y
P:{- 101 ® [0]]

- P(y)=1

vyl {-1,0,13

Entropy

H(Y)=-  P(y)logP(y)

vi {-1,0,1}

HY)>H(Y® H(YO=H(Y®

Mutual information
1(X,Y)=H()- H(Y|X)3 0

L P(Y)
O :

=
— s

P(Y’)
| 1 1
-1 0 1
P(Y™")
1
-1 0 1
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Mean conditional entropy

E[H(Y|X)]=- P(X) P(Y]X).log(P(Y | X))

Mean mutual information

E[1(X,Y)]=H(Y)- E[H[Y|X]]

Mean mutual information estimation

EH(Y|X)]=-  P(X) B(Y|X)log(P(Y | X)).

E[1(X,Y)] = H(Y)- E[H (Y | X)]
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Estimation of P(Y|X)

Y: thetaget geneat t+1, thatis, Y = x[t+1]

X:thepredictorsat t, that is, X =(x;[t], x[t])

For a fixed parameter n

#((Y =c) UX =(a,b))
#(X =(a,b))

If #(X=(ab)) 3 n, then P(Y =c|X =(ah))=

If #(X=(ab)) < n, then I;(Y|X =(a,b)) Isuniform
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Estimation of P(X) for a fixed parameter n

P(X) »
X =(x[t], % [t]) N
=X
N* = #(X = (a,h)) N = #(X =(a,b))
#(X=(a,b))*n," (a,b) #(X=(a,b))<n," (a,b)

N* . #(X =(a,b))
N-+N* N

If #X=(ab)) ® n, then P(X =(ab))=

N 1
N +N" 3- {@b):#X=(ah)® r}|
ISP

If #(X=(a,b)) < n, then |A3(x=(a,b))=




Building Interactions Graphs

- For each target gene, rank all predictors by thelr mean
estimated mutual information;

- Choose best predictors,

- Design the interaction graph

Target gene

Predictor genes
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Data analysis pipeline
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USP-dataset

- directly from original .gpr “raw” data;

e Intensity = foreground mean - background median;

» mean for replicated time points;

o different definition of “weak” spots and elimination rules;
* NO interpolation used,;

 consider ALL accepted oligos as unique entities (including
almost sinusoidal).

USP-dataset: 6532 oligos
Overview dataset: 3719 oligos
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Weak spots definition

X=(,0,..,100, 100, ..., 100,0,0,...,0,0)

<X>=9* 100/ 46 = 19.56

R = normalized cy5/cy3 = X/<X> =
R=(00,..,511,511,..,511,0,0,..,0,0)

log,(R) = (-¥, -¥, ..., 1.63, 1.63, ..., 1.63, -¥, -¥, ..., -¥)

Not amenable to Fourier analysis due
to infinities.

time [h] lIS'P



Scaling

For each i, estimate the mean E[x[t]]
and standard desviation  S[X[t]]

normal transform

n [t] — X j\ é[Xl[t]]
s[x[t]]
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Quantization

Let n'[t] and n[t] denote, respectively, the normalized
signals greater and lower than zero at t..

If n'[t]> IAE[ni+[t:], then x[t] =+1

ity [t] > Ly [t]] and y [t] < E[n[t]], then 1] =0

If 1 [t] < E[nv 4], then x[{] =- 1
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Output example

In Overview
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Plasmodium falciparum / CHR 2 / PFB0330c
cysieine protease, putative
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P. falciparum Gene: PFB0330c

|0 PFB0330C

Comment
This gane was predictad and reviewed manually for the Oct. 3, 2002 Naturs publication by Gardner et al. This geng has at least ong intron

Suparclasses: Genes -» UNCLASSIFIED

Chromosome: Chromosome 2

Map Position {centisomas). 31.287 [click 10 view in chromosome Browser]

Map Position (nuclectides): 296,317 -» 297,683

Products: cystaing proteass, putative

Gene-Reaction Schematic: @

Query Page | Advanced Query Page  BioCyc Home | Report Etrors or Provide Feedback

SR/ International Pathway Tools software, page genarated on Mon Nov 1, 2004,
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OligolD Status

DeRisi Lab Malaria Transctiptome Database
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Biological Interpretation
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Glycolytic PGN network (single genes)
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No TCA genes



550 apicoplast proteins

124 apicoplast proteins
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Apicoplast PGN network (singlets)
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Apicoplast PGN network (doublets)
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124/phase

Biological validation
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