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Plasmodium falciparum

• Malaria

– 515M infections, and

– 1M deaths per year

– Drug resistance

• Eukaryote

– Complex life cycle

• Annotation

– 5.5K proteins

– 45% unknown function

• 20% unknown in yeast

– 88% of annotations are bioinformatical

– Some plant-like genes (AP2)



Hidden Markov Models
Seq1 KLSTAEXAMPLE------CQNSERVEDMINER

Seq2 YTRCVEXAMPLE------CQNSERVEDLAMAH

Seq3 MIKEREXAMPLEINSERTCQNSERVEDKISSA

Seq4 LVCKYEXAMPLE------CQNSERVEDQTQPE

Seq5 PEPEREXAMPLE------CQNSERVEDQFKMA



Hidden Markov Models
• C2H2 zinc finger

• Pfam alignment, 192 

sequences, 18 organisms

• Expert curated

• HMM recognizes 52,611 

sequences in 678 

organisms

… …



HMM databases

• Pfam
– 10,340 HMMs, very well curated

– Describes protein families, domains, repeats, and 
motifs

• Smart
– 810 HMMs, sometimes better models than their Pfam

counterparts

– Concentrates on extracellular modules and signaling 
domains

• Superfamily
– 1,776 HMMs, less curated

– Describes protein domain folds, superfamily level



Domain context

• Background
– 80% of eukaryotic proteins have many domains

– Domains are scored independently of each other

• Idea
– Score domains by taking into account the other 

domain predictions in the same protein

– Create fast and practical method that can be applied 
to genomes and on web

• Precedent
– Enhanced protein domain discovery by using language modeling 
techniques from speech recognition.  L Coin, A Bateman, R Durbin.  PNAS 
2003; 100(8): 4516–4520



Domain context analysis framework
• Pfam without context 

predicts a limited amount 
of domains

• Pfam hits w/ E < 1000

• Scores on nodes and 
edges

• Get non-overlapping 
domains that maximize 
score
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Context predictions: WD40 + Utp13

• PVX_094875

– hypothetical protein, conserved

– WD40 repeats do not imply function

– Utp13 implies specific function:

• u3 small nucleolar rna-associated protein 13

– Predicted in close orthologs!

– Same domain order as yeast’s!

– Orthology confirmed with OrthoMCL
PDB: 1NEX



New predictions at a glance

(incomplete)
• U3 complex (all mostly WD40)

– PF10_0128: Utp13

– PF08_0130: Utp1/Pwp2

– PF14_0456: Utp12/Dip2

• Putative DNA 
binding/chromatin remodeling
– PF11_0404: 3+3 AP2

– PF14_0079: 3 AT_hook, 1 
AP2

– PF10_0079: 2 AT_hook, 4+1
PHD

– PF14_0409: 2 AT_hook

– PFL0465c: 7+4 zf-C2H2, 1
AT_hook

– PFF1440w: 1 HMG, 3 PHD, 1 
Bromo, 1 SET

– PFF1185w: 3 HMG, 5+1 PHD, 
1 SNF2_N, 1 Helicase_C

• More controversial DNA-
binding (low complexity 
repeats)
– PFL1930w: 13 bZIP, 1 RRM, 1

zf-C2H2

– PFI0565w: 3 NUMOD3

– PFI1595c: 3 NUMOD3

– PFB0915w: TM, 12 HHH

– MAL13P1.137: 7
Transposase_8

• Miscelaneous
– PFE1390w (RNA helicase-1): 

1 DEAD, 1 Helicase_C, 1 zf-
CCHC

– PFL0975w: 1 Myosin_head, 
2+3 IQ, 2+2 RCC1

– PFE0540w: 1 LisH, 7 WD40



PVX_123655: hypothetical protein, 

conserved

• Chro.70483 (Cryptosporidium hominis)

• TP01_1107 (Theileria parva)

• GSPATT00001002001 (Paramecium tetraurelia)

• MYO12 (Tetrahymena thermophila)



In the future

• Finish math formulation of problem

• Finish Pfam predictions

• Repeat analysis with Superfamily

• Validate predictions
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