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Covariance Models



CM Parameter Estimation
Emission scores: counts of character frequencies in
columns or pairs of columns
Transition scores: counts of gaps in columns or pairs
of columns

Too few sequences in most training sets (families) to
get reasonable parameter estimates → Use priors

Priors in current use:
- Based on multiple-alignment column counts across many families
- Vary by type of node and type of child node
- Do not take into account:

a) loop lengths for L-node insertions/deletions
b) joint consensus nucleotides of loop ends and closing pair
for mutations in these nucleotide positions



Improving Priors with 
Thermodynamic Data

Lab testing shows*:
1) ΔG for insertion or

deletion in loops depends
on loop length.
2) ΔG for mutation in closing

pair or loop end nucleotides
depends on identity of other
closing pair and loop end
nucleotides.

C. Vecenie, M. Serra (2004) Biochemistry 43, 11813-11817 and references therein.

Existing methods of determining CM priors do not allow these dependences.



Mutation Probabilities at 
Loop/Stem Interface

pppUCooooAAppp to    pppUUooooGAppp mutation unlikely
(2  = 64 times less likely
than random double mutation)
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Insertion/Deletion Probability 
Loop-length Dependence

Deletions in loops of length 3 should be heavily
penalized -- result is not possible.

Insertions with loop lengths of 3 or 4 and deletions
with loop lengths of 4 or 5 result in large differences
in free energy of formation. These indels less likely
than indels in longer loops.


