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Searching for noncoding RNAs

• CM’s are great, but where do they come from?
• A comparative genomic approach

– Search for motifs with common secondary structure in a
set of functionally related sequences.

• Challenges
– Three related tasks

• Locate the motif regions.
• Align the motif instances.
• Predict the consensus secondary structure.

– Motif Search space is huge!
• Motif location space, alignment space, structure space.
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Approaches

• Align sequences, then look for common
structure

• Predict structures, then try to align them
• Do both together
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Pitfall for sequence alignment
approach

• Structural conservation ≠ Sequence conservation
– Alignment without structure information is unreliable

CLUSTALW alignment of SECIS elements with flanking regions
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Approaches

• Align sequences, then look for common
structure

• Predict structures, then try to align them
– single-seq struct prediction only ~ 60% accurate;

exacerbated by flanking seq; no biologically-
validated model for structural alignment

• Do both together
– Sankoff – good but slow
– Heuristic
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Design goal

Search for RNA motifs in unaligned Sequences.
• Perform Local alignment
• Exploit but do not require sequence conservation
• Robust to inclusion of unrelated sequences.
• Reasonably fast and scalable.
• Produce a probabilistic model of the motif that can be

directly used for homolog search.
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CMfinder Outline
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CMfinder at work
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Performance on unaligned sequences
Including 200 base flanking region, distributed randomly

between 3’ and 5’ side
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A pipeline for RNA motif genome scans
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Footprinter find patterns of
conservation

1B_SUBTILIS

Upstream of folC
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A blind test

tyrS T box structure

1ST genome scan: 234 sequences
2ND genome scan: 447 sequences
The motif turned out to be T box
Match to RFAM T box family: 299 OF 342
False Positives: 89/148 are probable (upstream of

   annotated tRNA-synthetase genes)
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Chloroflexus aurantiacus

Geobacter metallireducens
Geobacter sulphurreducens

Chloroflexi
δ -Proteobacteria

Symbiobacterium thermophilum

 

CMfinder: 9 instances

Found by Scan: 447 hits
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Preliminary results of genome scan

Top 115 datasets (some are redundant)
13 T box, 22 riboswitches,  30 ribosomal genes
RNase P, tRNA, CIRCE elements and other DNA binding sites

0.2600.9713312774yybP-ykoY3410ykoY

0.8331.000305366237THI30516thiA

0.8921.000333714glmS3316glmS

0.9700.9159710037Purine10614xpt

0.8740.66929934267T_box4479folC

0.8510.9159711448RFN1069ribB

0.9600.96714515171S_box15013metK

sensitivity specificity#TP#Rfam_full#Rfam_seedRFAM_fam#hits#motifGene
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Genome Scans in Progress

• Firmicutes
– e.g. anthrax

• Actinobacteria
– source of penicillin & most other antibiotics

• Cyanobacteria
– Primary producer of oxygen

• Gamma-proteobacteria
– e.g. E. coli.


