Deciphering the Transcription
Patterns of a Malaria Parasite Using
Multivariate Curve Resolugion




Malaria

* Blood borne disease caused by
Plasmodium parasites, transmitted by
Anapholes mosquito

* |Infects hundreds of millions and kills
millions annually

* No vaccine, current drug treatments
becoming ineffective
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DNA Microarray

* High throughput measure for mRNA
transcripts

* DNA oligomers fixed to solid substrate

* Analyzed using:
— Clustering
— Support Vector Machines



Microarray Experiment
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Experiment

« Measurements taken throughout
Intraerythrocytic developmental cycle

« 55 timepoints with 9 replicates over 48 hours
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Time-course Data
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Simple Example
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MCR-WALS

Weighted Alternating Least Squares
Incorporates measurement error

At each stage of ALS, data points are
welighted according to variance

mpute missing points by assignment of
arge variance
Jses raw ratios

— Bilinear relationship
— ALS non-negativity constraint




Procedure

 Extract pixel intensities from both channels

e Calculate ratios and ratio variances
— Orthogonal regression

— Composite model of proportional errors and
bootstrap error models

 MCR-WALS
— 3 - 8 components
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Correlation to Physiology?
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* Correlate MCR profiles and physiological
profiles

* Physiological lead MCR-profiles



Gene Ontology

» Look at terms associated with genes
whose expression match the MCR profiles
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GOID
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0006260
0006259
0006261
0005694
0043283
0009987
0050875
0005657
0030894
0006270
0007067
0000087
0043226
0043229
0043231
0043227
0000279
0008152
0005663
0006139

0000278
0008094

Enriched Terms

GO Term

DNA replication

DNA metabolism

DNA-dependent DNA replication
chromosome

biopolymer metabolism

cellular process

cellular physiological process
replication fork

replisome

DNA replication initiation
mitosis

M phase of mitotic cell cycle
organelle

intracellular organelle
intracellular membrane-bound organelle
membrane-bound organelle

M phase

metabolism

DNA replication factor C complex

nucleobase, nucleoside, nucleotide and nucleic

acid metabolism
mitotic cell cycle
DNA-dependent ATPase activity

P-value
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.0e-009
.0e-009
.6e-007
.5e-007
.4e-006
.5e-005
.5e-005
.9e-004
.0e-004
.7e-004
.7e-004
.7e-004
.4e-004
.4e-004
.7e-003
.7e-003
.2e-003
.2e-003
.3e-003
.5e-003

.6e-003
.8e-003




Enriched Terms

GOID GO Term P-value
GO:0006260 DNA replication 5.0e-009
GO:0006259 DNA metabolism 5.0e-009
GO:0006261 DNA-dependent DNA replication 1.6e-007
GO0:0005694 chromosome 9.5e-007
GO:0043283 biopolymer metabolism 6.4e-006
GO:0009987 cellular process 7.5e-005
GO:0050875 cellular physiological process 7.5e-005
GO:0005657 replication fork 1.9e-004
GO:0030894 replisome 3.0e-004
GO:0006270 DNA replication initiation 6.7e-004
GO:0007067 mitosis 6.7e-004
GO:0000087 M phase of mitotic cell cycle 6.7e-004
GO:0043226 organelle 9.4e-004
GO:0043229 intracellular organelle 9.4e-004
GO:0043231 intracellular membrane-bound organelle 1.7e-003
GO:0043227 membrane-bound organelle 1. .7e-003
GO:0000279 M phase 2.2e-003
GO0:0008152 metabolism 2.2e-003
GO:0005663 DNA replication factor C complex 4.3e-003
GO:0006139 nucleobase, nucleoside, nucleotide and nucleic 4.5e-003
acid metabolism
GO:0000278 mitotic cell cycle 6.6e-003
GO:0008094 DNA-dependent ATPase activity 6.8e-003
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Intraerythrocytic
Developmental Cycle




MCR Profiles vs Biology
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« MCR profiles lead physiological profiles



Conclusions

« MCR-WALS can extract biologically
relevant information from time-course
microarray data

* GO term analysis allows the assignment of
biologically relevant functions, and aids
Interpretation of profiles

* Future work
— Improve algorithm

— Use contribution matrix
— Other types of biological data
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“What a day....I must have spread malaria across
half the country.”







