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Introduction



The life cycle of the malaria parasite




Malaria parasite genes with almost
sinusoidal signals

DeRisi, 2003.



Functional Classification

DeRisi, 2003.



Malaria parasite genes



Functional Classification
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Probabilistic Genetic Network
(PGN )



Expression of gene i at time t:  xie(-10+1

State of the regulatory network at time t: xr1=|.

Network dynamics:  x[r+1]1=¢(xz])

x, 7]
X,[1]

x,[1]
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Example

¢ (-1)=0 9,(—1) =
¢ (0)=1 9,(0)=0
¢ (1)=—1 9,(1)=1



Probabilistic Genetic Network (PGN)

et (1 pQlx[i,x[1)
@ x[t+11=1 0  pOlx,[t],x[t])
=1 p(=Txgle]x, (1)

x,[1]

dy,z,we {-1,01}, y#z#w:
p(ylx;[e], x, [t]) >> p(z | x,[t], x, [t]) + p(wl x,[2], x, [£])



This system
- depends just on the previous time
- IS time translation invariant

- Is a conditionally independent Markov chain
P(x[t+1]1 x[¢]) = fI p(x.[t+1]1 x[z])

- Is characterized by the conditional probabillities

p(x.[t+1]1 x[¢])



PGN Design



x[1], x[2],..., x[48]
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Distribution of Y

P:{~1,0,1} = [0,]
> P(y)=1

ye{-1,0,1}

Entropy

H(Y)=— ) P(y)logP(y)

ye{-1,0,1}

HY)>HY") HY)=H®Y'"

Mutual information
I(X,Y)=HY)-HY1X)=0

P(Y)
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Mean conditional entropy

E[HY1X)]=-) P(X)) P(Y1X).log(P(Y1X))

Mean mutual information

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

Mean mutual information estimation

E[HY1X)]=-Y P(X)Y P(Y | X)log(P(Y | X)).

E[I(X.Y)]= H(Y)—E[H(Y | X)]



Estimation of P(Y|X)
Y: the taget gene at t+1, thatis, Y =x,[t+1]

X: the predictors at t, thatis, X =(x it x [2])

For a fixed parameter n
#((Y =¢) A X =(a,b))

— > : = = -
If #X=(a,b)) 2 n, then P¥ =clX =(a.b)) #(X = (a,b))

It #(X=(a,b)) < n, then ;’(YI X =(a,b)) 1S uniform



Estimation of P(X) for a fixed parameter n

P(X) a
X = (x,[1], x,[1]) A
=X
N* = > #(X = (a,b)) N~ = D #(X =(a,b))
#(X=(a,b))2n,V(a,b) #(X=(a,b))<n,¥(a,b)

N" ><#(X = (a,b))

= ;XZ ,b —
If #(X=(a,b)) = n, then (X =(a,b)) NN N

N 1

If #(X=(a,b)) < n, then IAD(X:(a,b)): X—
N +N° 3 =l{(@b):# X =(a,b))>n}l



Buiding Interaction Graphes

- For each target gene, rank the couples of all genes by
their estimated mutual information and sample size;

- When two mutual information are equal, the one
estimated from a larger sample comes first;

- Choose the best couples;

- Design the interaction graph

\{

A



Data analysis pipeline
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USP-dataset

- directly from original .gpr “raw’ data;

e intensity = foreground mean - background median;

e mean for replicated time points;

e different definition of “weak”™ spots and elimination rules;

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

USP-dataset: 6532 oligos

Overview dataset: 3719 oligos



Weak spots definition

X=(,0,..,100, 100, ..., 100, 0,0, ..., 0, 0)
<X>=9*100/46 =19.56

R =normalized cyS/cy3 = X/<X> =
R=(0,0,..,5.11,5.11, ...,5.11,0,0, ..., 0, 0)

log,(R) = (-00, -oo, ..., 1.63, 1.63, ..., 1.63, -00, -0o, ..., -00)

. ——

- —

. Not amenable to Fourier analysis due
to infinities.

) -

-

time [h]
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Scaling

A

For each i, estimate the mean E[x,[t]]

and standard desviation o[x;[t]]

of the Spots

Scale normalization of the

_ Xl = Elx[r]]
olx;[t]]

n;7]

and M spots



Quantization

Let n[t] and n7;[f] denote, respectively, the normalized
signals greater and lower than zero at t.

If n'[t]> lA?[nf[t]], then x,[t] = +1
If 7 [t]> Eln[]]and n*[£] < E[n"[¢]], then x.[t] = O

If 7 [t]< E[n [t]], then x.[t] = -1
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Output example
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Plasmodium falciparum / CHR 2 / PFB0330c
cysieine protease, putative
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P. falciparum Gene: PFB0330c

|D: PFBO330C

Comment:
This gene was predicted and reviewed manually for the Oct. 3, 2002 Nature publication by Gardner et al This gene has at least one intron

Superclasses: Genes -» UNCLASSIFIED

chromosome: Chromosome 2

Map Position (centisomes): 31.287 [click to view in chromosome browser]

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

Products: cysteine protaasa, putative

Gene-Reaction Schematic: @

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

SRl International Pathway Tools software, page generated on Mon Nov 1, 2004,




HOME DeRisi Lab Malaria Transcriptome Database November 1, 2004
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PlasmoDEB ID  Description

PFB0330c cysteing protease, putative

QOligo Sequence BLAST @ PlasmoDB

5I
CTGCCCAAGATGAGCCACCTACTGATAATGTAGAATCACAAGCAGAAAATAACAAAAAAACAGAAATITTA




Biological interpretation
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Glycolytic PGN network (single genes)
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44
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43
49
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56
&7

M132_136

M132_136
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D33539_15
D11687_1
J53 56
N151_50
OPFF72422

hypothetical protein

3.8 protein Mo MR protein Similarities

OPFBLOBO0SO methionine aminopeptidase. putative methionine aminopeptidase; Mapip 0.51"

OPFLOT14
11161 1
KS202_10
N141_BD
DE267 &3
L2 55
M37794 18
M15943 1
M426687 2
35181
AZ1ETO_1
J28596 1
F49644 4
N132_136
N151 50
OPFF72422
J57 3
KS75_10
F11919_1
N150_83
B556

hypothetical protein (AL034558) predicted using hexExon; MALIPS.8 (PFCOB10c). Hypothetical protein. lend. 31"
MULL
hypothetical protein hypothetical protein PFBOS40w - malaria parasite (Plasmodium falciparum) 0.22

RMA palymerase subunit. putative Mo MR pratein Similarities e

hypothetical protein Mo MR protein Similarties

eukaryotic translation initiation factor 3 subunit 8. putative (AL163763) PROBABLE ELIKARYOTIC TRANSLATION INITIATION FACTOR 3 51
elongation factor 1-gamma. putative (AF297712) translation elongation factor 1-gamma [Prunus avium] 0.31

valine - tRMA ligase. putative

uhiguitin-conjugating enzyme. putative putative protein [Arabidopsis thaliana] 0.5

hypothetical protein Mo NR protein Similarities

BOS ribosomal pratein L11a. putative (APO01551) ESTs D15530(C0300). D489500515542). D22634 (C0900) correspond to a region of the predic
phosphoglycerate mutase. putative phosphoglycerate mutase (gpmA) homolog - Lyme disease spirochete 0.72

hypothetical protein (AL034553) hypathetical protein. PFCO360c [Plasmodium falciparum] 0.21

glucose-B-phosphate isamerase GLUCOSE-B-PHOSPHATE ISOMERASE (GPI) (EC 5.3.1.9) (PHOSPHOGLUCOSE ISOMERASE) (PGI) (P

U5 small nuclear ribonuclear protein. putative U5 small nuclear ribonucleoprotein 116 kDa 0.47

B0S acidic ribosomal protein pl1. putative acidic ribosomal protein P1 - hydromedusa (Polyorchis penicillatus) 0.43
leucyl-tRMNA synthetase. cytoplasmic. putative

ribosomal protein S8e. putative (AFA02316) 405 ribosomal protein S8 [Ictalurus punctatus] 0639

405 ribosomal protein S30. putative 405 RIBOS0OMAL PROTEIM 530 1

COPFBELOBO124 hypothetical protein (AEQ03430) CGE133 gene product [Drosophila melanogaster] Location=1324. 49050.358

M19155_2
FE3949 1
J2465 1
N159 19
N134 106

BOS ribosomal subunit porotein L13. putative (AC0S7551) cytoplasmic ribosomal pratein L18 [Oryza sativa] 052
hypothetical protein Mo MR protein Similarities
nuclear movernent protein. putative nuclear distribution gene C homolog (Aspergillus) 0.4

valing - tRMA limase. nutative (AEDD3E1S CG4052 aene nroduct [Drosophila melanooaster] 0.47



Amino acid occurrences
(in 68 sequences)

A) Domain structure of nuclear-encoded apicoplast proteins

| signal sequence

plastid-targeting Mature Plastid
domain Protein
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76 Hypothetical proteins

124 apicoplast proteins



Apicoplast PGN network (single genes)
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Apicoplast PGN network (double genes)
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N150_76
J1E3 4
G325 1
M37794 3
M4 1763 2
M45317 B
N131_10
M3777_1
OPFI7701
KN1970_1
9302 5
1155441
N159_34
199
E30210_1
E714 0
N159_36
KS136_3
F45E5 1
B270
KSE3_3
F59453_1
J293 4
KSE26_3
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hypothetical protein ALDO-KETO REDUCTASE (FRAGMENT) 0.35

GepE protein (AF323928) GepE [Plasmodium falciparum] 1

hypothetical protein

hypothetical protein (AF245043) SdrH [Staphylococcus epidermidis] 0.37

protein kinase. putative (ABO071824) cyclin-dependent kinase 8 [Dictyostelium discoideum] 0.35
unknown Mo MR protein Similarities

tibosomal protein 52, putative PROBABLE ATP-DEFENDENT TRAMSPORTER YCF16 0.52

DMA-directed RMA polymerase. alpha subunit. truncated. putative DMNA-DIRECTED RMA POLYMERASE ALPHA CHAIN (EC 2.7.7.6)0.35

prolyl-t-RNA synthase. putative (AP0025346) prolyl tRMA synthetase [Chlamydophila pneurmoniae] 0.32
hypothetical protein hypothetical protein PFBOG30w - malaria parasite (Plasmodium falciparum) 0.23
tibosomal protein L35 with long N-terminal extension. putative 505 RIBOSOMAL PROTEIM L35 0.45
hypothetical protein Mo MR protein Similarities

hypothetical protein (AL034559) hypothetical protein. PFC1065w [Plasmodium falciparum] 0.25

ATP-dependent CLP pratease. putative (AL034558) predicted using hexExon; MALIPZ.31 (PFCO310c). ATP-dependent CLP protease. lenl”

hypothetical protein Tic22 [Guillardia theta] 0.26

ATP-dependent helicase. putative (AY039576) ATogb2190/mmi9 10 [Arabidopsis thaliana] 0.37
ATP-dependent Clp protease. putative

hypothetical protein (AB016024) Pfi2 [Plasmodium falciparum] 0.23

hypothetical protein Mo MR protein Similarities

acyl carrier protein. putative (AFO38928) acyl carrier protein precursor [Plasmodium falciparum] 1
hypothetical protein (ALOOSS70) putative protein kinase [Plasmodium falciparum] 0.22

ribosomal protein L18. putative (ACOOYSE2Y Similar to gid.368

hypothetical protein Mo MR protein Similarities

305 ribosomal protein 314, putative 303 RIBOZ0OMAL PROTEIM 514 0.45

hypothetical protein hypothetical protein PFB0235w - malaria parasite (Plasmodium falciparum) 0.3
hypothetical protein Mo MR protein Similarities

hypothetical protein Mo MR protein Similarities

hypothetical protein (ALO34558) Hypothetical protein. PFCO0235w [Plasmodium falciparum] 0.23
hypothetical protein Mo MR protein Similarities

ATP-dependent Clp protease proteolytic subunit. putative ATP-dependent Clp protease proteolytic subunit [Guillardia theta] 0.33
ribosomal pratein L15. putative 505 RIBOSOMAL PROTEIM L15 0.4

32 [OPFDETO0E 3TP-hinding protein. putative GTP-hbinding protein. putative [Arabidopsis thaliana] Location=666939. 5E553340.31

33 [KSEES 1

Ihvnothetical protein Mo NR orotein Similarities



Future steps



Network model generalization

- divide data in three time intervals: rings, trophozoites,
schizonts

- build a network for each interval
- consider larger target sets, including unknown

- consider dependences of two or three previous times



Gene model and estimation alternatives

- Find corregulated genes by signal clustering
- create equivalent classes of corregulated genes
- gene expression depends on a linear combination of inputs

- use parallel processing
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