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Molecular evolution

evolutionarytree(Noroetal. 1998)

Woolly mammoth
African elephant

Asian elephant
Dugong Manatee

homologous gene sequences

Woolly mammoth ...CTAAATCATCACTGATC--AAAGAGAGC...

African elephant ...CTAAATCATCACCGATC--AAAGAGAGC...

Asian elephant ...CTAAATCATCGCTGATC--AAAGAGAGC...

Dugong ...TTAAATCACTCCCGATCATAAAG-GAGC...

Manatee ...TCAAATCATTACTGACCATAAAG-GAGC...

differencesbetweensequencesgrow with time



Mark ov model

� eachcharacterevolvesindependently

� root sequencecharactersarei.i.d.

� charactertransitionson edges
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– randomvariablesforming aMarkov chainon eachpath



Distancebasedalgorithms

Distance[coin-tossmodel:symmetricmutations]
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� symmetric

� additivealongpaths

Distance-basedalgorithm:

1. distanceestimationbetweenleavesD̂

2. algorithmusingpairwisedistancematrix



Additi ve tr eeproblem

build edge-weightedtreefromsum-of-edge-weigthsonpathsbetweenleaves
– usetriplets(eg., Waterman,Smith,Singh,Beyer1977)
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Estimateddistances

Userelative frequenciesin sample

D̂
�
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�
v ���

� estimationerror

� harderto recognizeseparatetriplet centers

� estimationerrorgrowswith distance



Triplet centerestimation

Similarity:
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Distanceestimationerror: for 0 � ε � 1,
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Harmonic GreedyTriplets

Add oneinternalnodeandleafat a time

� greedyselectionof triplet by averagesimilarity

� recognizeseparateinnernodes
(four-point condition)

� restrictpoolof tripletsconsidered
(relevanttriplets)



Samplelength

Boundedmutationprobabilitiesonedges

0 � f � pe � g � 1
2

Thereexists

���! log 1
δ � logn�

1 � 2g �#" � d � f 2

s.t. with probability1 � δ, topologyis recoveredcorrectly

� treedepth: d � 1 � log2
�
n � 1 �



Simulatedexperiments

compareto NeighborJoining(SaitouandNei 1987)andotheralgorithms
simulateDNA sequenceevolution (Jukes-Cantor& K2P+Γ)

� 500leaf tree(Chaseet al. 1993)
treeof 500seedplantsfrom rbcL gene

� 1895leaf tree(RDP1999)
treeof 1895eukaryotesfrom ribosomalSSU

� 3135leaf tree(RDP1999)
treeof 3135Proteobacteriafrom ribosomalSSU

evaluateby Robinson-Fouldsdistance(1981):
percentageof misplacedinternaledges
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Experimental samplelength — 500leaf tr ee

varyingsamplelength

50001000200 10000
sample length

1

10

RF%

Neighbor-joining

HGT/FP

500-leaf tree, high mutation probabilities



Experimental samplelength — 1895leaf tr ee

50001000200 10000
sample length

1

10

0.1

RF%

Neighbor-joining

HGT/FP

1895-leaf tree, high mutation probabilities



Experimental success— 1895leaf tr ee

varyingmutationprobabilities

10.50.1 2
maximum edge length
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RF%

Neighbor-Joining

HGT/FP

1895-leaf tree, high mutation probabilities



Experimental success— 3135leaf tr ee

10.50.1 2
maximum edge length
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0.1

RF%

Neighbor-Joining

HGT/FP

3135-leaf tree, high mutation probabilities



Summary

distance-basedalgorithmwith

� polynomialsamplesize
(Jukes-Cantor, Kimura’s,paralinear, LogDet)

�  n2 runningtime
 � n � work space

� goodexperimentalperformanceon largedivergenttrees

$ fastestalgorithmwith polynomialsamplesize
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