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analysis of sequence length

Å prior work

ð consistency - convergence on the right tree as 

sequence length goes to infinity 

[Felsensteinõ78], [Changõ96],é

ð convergence rate ðgiven assumptions on the 

ònicenessó of the phylogeny, how much data is 

needed to reconstruct with high confidence 

[Attesonõ99], [Erdos-Steel-Szekely-

Warnowõ99],é

Å this work

ð given some amount of data, how much of the 

phylogeny can we hope to reconstruct with 

high confidence (without any assumption on 

the phylogeny)?

ð result ðefficient forest -building algorithm

ð previous partial results: [Mosselõ07], 

[Daskalakis et al.õ06], [Gronau-Moran-Snirõ08]
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PART I

distance -matrix methods
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distance -matrix methods

Å in Jukes-Cantor case

ð associate to each edge e a weight

ð defines a tree metric

Å generalized by [Steelõ94]

Å reconstruction algorithm

ð estimate D(i,j) from sequences

ð deduce the topology of the tree

Å reconstruction can be done in polynomial time

ð e.g. four -point method [Bunemanõ71]
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four -point method
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known sequence -length results

Å assumption ðassume 0 < f < l(e) < g, for all e
Å theorem [Attesonõ99]ðfor full reconstruction with high probability, NJ

requires a sequence length

Å theorem [Erdos-Steel-Szekely-Warnowõ99] ðthe short quartet method 
requires
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PART II

a new forest -building algorithm
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òlocaló metric

Å fact - to estimate distances of order M with precision t, one needs 

Å definition [Mosselõ07]ða symmetric matrix d is a (t,M)-distortion of the 
distance matrix D if
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how much can we hope to reconstruct?

non path - disjoint reconstruction true tree

Å two obstacles ð

ð short edges : we contract them as in [Gronau-Moran-Snirõ08]

ð deep edges: we build a (approximately) path -disjoint forest as in 

[Mosselõ07], [Daskalakis et al.õ06]
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main theorem
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Å clustering graph ðeach node corresponds to a leaf and an edge 

connects two leaves at distance at most m

Å claim ðsubtrees corresponding to connected components have depth

at most m+tand are approximately path -disjoint

algorithm phase 1: clustering
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Å fact ðsuffices to build all bipartitions corresponding to òlongó edges 

algorithm phase 2: bipartition extension

M



Å we build the tree locally by finding all òlongó edges on òshortó paths
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local reconstruction on a path
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Å we then extend the bipartitions beyond the ball by determining for 

each leaf which side it is connected to

bipartition extension

M

M/2
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future directions

Å beyond distorted metrics

ð dependence in shortest edge is tight (up to constant) [Steel -

Szekelyõ99,õ02]

ð dependence in depth is not tight [Mosselõ04], [Daskalakis-Mossel-

Rochõ06], [Rochõ09]

ð mixtures [Steelõ09], [Mossel-Rochõ09]

Å empirical testing



ACCGTé

AACGTéACGGTé

ACTGTé TCGGTé

ACTGTéACCGTé
TCGGAéTCCGTé

TCCGAé

ACCTTé

TCAGAéGCCGAé

time

17



ACCGTé

AACGTéACGGTé

ACTGTé TCGGTé

ACCGTé
TCGGAéTCCGTé

TCCGAé

ACCTTé

TCAGAéGCCGAé

time

18

ACTGTé



ACCGTé
TCGGAé

ACCTTé

TCAGAéGCCGAé

time?

19

ACTGTé

AACGTé



May 20, 2009 Phylogenies without Branch Bounds 20

stochastic model of evolution

Å Jukes-Cantor model

ð phylogeny: T

ð rate of mutation on e: ue

ð number of species: n
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main theorem



Å tightness of parameters ðcannot do better than M/2
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counter -example
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more formally

Å setup

ð trees on n leaves: Tn

ð model: ( T, {pe}e in E) in Qn

ð k i.i.d. samples: sL
1,é, sL

k

ð reconstruction map:

Å definition ðthe map Yn solves the 

phylogenetic reconstruction problem

with k samples and confidence 1-dif for 

all models ( T, {pe}e in E) in Qn

Å efficiency

ð computational: running time

ð information -theoretic: k
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maximum likelihood

Å likelihood

Å MLE

Å statistically consistent [Changõ96], but:

ð result [Chor-Tullerõ06, Rõ06]- NP-nard (i.e. òcomputationally intractableó); 

actually hard to approximate

ð information -theoretic complexity not known

Å similar situation holds for parsimony (actually not even consistent 

[Felsensteinõ78])
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theoretical approach

Å two different approaches :

ð arbitrary dataset

ð model -generated dataset

Å we focus on the latter

Å plus: want òefficientó reconstruction
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n = # species

k = seq. length
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approximate path -disjointness


