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ObjectiveObjective

Using todayUsing today’’s sequences to reconstruct the s sequences to reconstruct the 
appearance of ancestral sequences appearance of ancestral sequences –– our best our best 
guessguess
Analogy: In the absence of fossils, using only Analogy: In the absence of fossils, using only 
present day data to construct the appearance of present day data to construct the appearance of 
dinosaursdinosaurs
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BackgroundBackground

Multiple sequence alignmentsMultiple sequence alignments
–– Predict phylogenyPredict phylogeny
–– Determine structure and functionDetermine structure and function
–– Detect homologuesDetect homologues

Alignment methodsAlignment methods
–– Biologically and computationally complexBiologically and computationally complex
–– Many programs availableMany programs available
–– ScientistScientist’’s dilemma: select best method or s dilemma: select best method or 

combination of methods to produce the most combination of methods to produce the most 
biologically correct alignmentbiologically correct alignment
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Multiple Sequence Multiple Sequence 
AlignmentsAlignments

Unobserved Ancestral Sequence
AGCATGATGCGC
AGCCTCATCTCA
AGCCTG...CGC
ACT...ACATTG

Unobserved
Descendant

Unobserved
Descendant

AGCATGATGCGC AGCCTGCGC ACTACATTG AGCCTCATCTCA
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MSA AlgorithmsMSA Algorithms
Balibase* ClustalW

T-Coffee ProbCons

MEME-determined motifs are highlighted in each alignment
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Progressive AlignmentProgressive Alignment

Simultaneous alignment of all sequences is Simultaneous alignment of all sequences is 
impracticalimpractical
PairwisePairwise progressive methodprogressive method
–– Progressively aligns the most similar sequences Progressively aligns the most similar sequences 

and successively adds on moreand successively adds on more
–– Attempts to obtain the best score at every step Attempts to obtain the best score at every step 

in the alignmentin the alignment
–– However, optimization is only a local maxHowever, optimization is only a local max
–– May not achieve the best overall alignmentMay not achieve the best overall alignment
–– Propagation of errorPropagation of error
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Progressive AlignmentProgressive Alignment

The tree indicates the order in which the The tree indicates the order in which the 
sequences are alignedsequences are aligned
The world The world ““CATCAT”” is misalignedis misaligned
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ConsistencyConsistency

Attempt to avoid error by including Attempt to avoid error by including 
““look aheadlook ahead”” information in scoresinformation in scores
Considers alignments between all Considers alignments between all 
sequence pairs, whether or not they sequence pairs, whether or not they 
have already been aligned, in each have already been aligned, in each 
step of progressive alignmentstep of progressive alignment
Correct alignments are more likely to Correct alignments are more likely to 
be consistentbe consistent
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TT--Coffee methodologyCoffee methodology

ConsistencyConsistency--based methodbased method
Pool together Pool together ClustalWClustalW (global) and (global) and LalignLalign
(local) primary libraries(local) primary libraries
–– Combine information on global and local Combine information on global and local 

alignmentsalignments
–– Generate primary library of alignment Generate primary library of alignment 

informationinformation

Compute MSA from primary library of Compute MSA from primary library of 
pairwisepairwise alignment informationalignment information
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MM--Coffee methodologyCoffee methodology

TT--Coffee extended to 15 widely used Coffee extended to 15 widely used 
alternative MSA programs from 8 different alternative MSA programs from 8 different 
laboratorieslaboratories
MSA libraries computed for the same MSA libraries computed for the same 
sequences from a variety of algorithms:sequences from a variety of algorithms:
–– ClustalWClustalW, T, T--Coffee, Coffee, ProbConsProbCons, PCMA, Muscle, , PCMA, Muscle, 

Dialign2, Dialign2, DialignDialign--T, MAFFT, FFTT, MAFFT, FFT--NS1, FFTNS1, FFT--NS2, NS2, 
FFTFFT--NSI, FNSI, F--INSI, GINSI, G--INSI, POAINSI, POA--local, POAlocal, POA--globalglobal

Results of this study compared to reference Results of this study compared to reference 
alignments of benchmark datasets alignments of benchmark datasets ––
BaliBaseBaliBase, Prefab, HOMSTRAD, Prefab, HOMSTRAD
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Method TreeMethod Tree

Visual display of level Visual display of level 
of similarity between of similarity between 
the various methodsthe various methods
Entire HOMSTRAD Entire HOMSTRAD 
dataset aligned with dataset aligned with 
each methodeach method
Distances calculated Distances calculated 
based on similarity of based on similarity of 
resulting alignmentsresulting alignments
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Preliminary DataPreliminary Data

Calculate Calculate 
performance of performance of 
each individual each individual 
method in method in 
comparison to comparison to 
HOMSTRADHOMSTRAD
Percent of Percent of pairwisepairwise
alignments that are alignments that are 
correctcorrect
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Combining MSA MethodsCombining MSA Methods

Order of addition

Adding noise
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Method WeighingMethod Weighing

Methods developed by the same laboratory tend to Methods developed by the same laboratory tend to 
be highly correlated because of arbitrary code be highly correlated because of arbitrary code 
settingssettings
Four different schemes used to generate weights Four different schemes used to generate weights 
for each of the alignment methodsfor each of the alignment methods
–– Variance/Covariance, Variance/Covariance, AltschulAltschul Carrillo Carrillo LipmanLipman, Thompson , Thompson 

Higgins Gibson, and AccuracyHiggins Gibson, and Accuracy
Results:Results:
–– Weighing failed to significantly outperform unWeighing failed to significantly outperform un--weighed weighed 

combination of all methodscombination of all methods
–– One method per developer for most accurate results One method per developer for most accurate results ––

eight methods selected, called Meight methods selected, called M--Coffee8Coffee8
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MM--Coffee8Coffee8

Outperforms any of the constituent Outperforms any of the constituent 
methodsmethods

Better than any 
individual method 
but by relatively 
small amount

Addition in order of increasing performance
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MM--Coffee8Coffee8
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ConclusionsConclusions

MM--Coffee alignmentsCoffee alignments
–– On average 1On average 1--3% more accurate than that 3% more accurate than that 

obtained from best individual methodobtained from best individual method
–– Nearly twice as likely to deliver best MSANearly twice as likely to deliver best MSA

ProbConsProbCons usually the best individual methodusually the best individual method
Caveat: Because generating Caveat: Because generating MSAsMSAs libraries libraries 
is very timeis very time--consuming, the gain is not consuming, the gain is not 
always worth the time invested; may be always worth the time invested; may be 
better off using better off using ProbconsProbcons
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Questions?Questions?
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