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Plasmodium falciparum
• Malaria:

– Deadly on children

– One of oldest human 

diseases

– No effective cure or 

treatment

• Eukaryote

• 5.5k proteins, 43% 

unknown function

– 36% unknown in yeast

• Some plant-like 

genes (AP2)



Contrast: structural biology

• Few structures in nature

• Reuse of domains rather than reinvention

• Function is conserved beyond sequence 

homology

P. falciparum has to have more homology, 
we just need to try harder finding it
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Common computational

annotation tools

• BLAST

– Sequence based

– No other data required

• Guilt by association

– Network based

– Requires annotations



PFAM
• Protein families and domains

• Collection of Hidden Markov Models (HMM)
– Alignments -> fancy profiles/PWM

• PFAM-A
– Curated alignments, 9318 domains, 74% protein 

coverage of Uniprot

• PFAM-B
– Automatic PSI-BLAST alignments, 182k domains, 

13% additional coverage

• 52% coverage in P. falciparum



Three computational approaches

• Domain pairs on a protein network

– With results!

• Homology through profiles, domain 

architecture

• Network alignments on weak signal



Domain pairs on a protein network

• Your favorite protein and its first shell

• Domain annotations



Domain pairs on a protein network



Domain pairs on a protein network

• For each domain pair, 

count* occurrences in 

net

• Count* in 1000 

randomized* nets

• Estimate false 

discovery rate

• Get overrepresented 

pairs

LaCount, et al. Nature 2005



Domain pairs on a protein network

• Results: overrepresented pairs



Domain pairs on a protein network

• Results: AP2 pair subnetwork



Three computational approaches

• Domain pairs on a protein network

– With results!

• Homology through profiles, domain 

architecture

• Network alignments on weak signal



Homology through profiles,

domain architecture

• Get a P. falciparum gene: PF14_0079

• Fish out orthologs in other Plasmodia:

– P. vivax: human

– P. knowlesi: macaque, human

– P. yoelii yoelii: mouse

– P. berghei: thicket rat

– P. chabaudi: shiny thicket rat



Homology through profiles,

domain architecture
• PFAM domain architecture of PF14_0079 and orthologs

P. falciparum

P. yoelii yoelii

P. chabaudi

P. berghei

P. vivax

P. knowlesi

= AP2

= AT hook



Homology through profiles,

domain architecture

• Sequence profile of PF14_0079 and orthologs

Relative residue position
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Three computational approaches

• Domain pairs on a protein network

– With results!

• Homology through profiles, domain 

architecture

• Network alignments on weak signal



Network alignments on weak signal
• P. falciparum Y2H • A. thaliana curated

and predicted nets
TAIRLaCount, et al. Nature 2005



Network alignments on weak signal

• Precedent: net align with strong signal

Suthram, Sittler, Ideker.  Nature 2005



Network alignments on weak signal

• Strong BLAST hits (other methods)
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Network alignments on weak signal

• Weak BLAST hits (our method)
10-2

10-12

10-3

10-3

10-1

10-5

P. falciparum
A. thaliana or 

S. cerevisiae

Significance 

is raised 

across net!



Network alignments on weak signal

• Random BLAST hits
100

10-1
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352
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P. falciparum
Randomized

A. thaliana or 

S. cerevisiae

Best hits in 

null model 

are poor!



Network alignments on weak signal

• Weak BLAST hits (our method)
10-2

10-12

10-3

10-3

10-1

10-5

P. falciparum
A. thaliana or 

S. cerevisiae

Learned new 

homology on 

net!



Three computational approaches

• Domain pairs on a protein network

– With results!

• Homology through profiles, domain 

architecture

• Network alignments on weak signal
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Domain pairs on a protein network

• Results: AP2 pair subnetwork
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