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analysis of sequence length

A prior work

o) - convergence on the right tree as
seqguence length goes to infinity
[ Fel senstein678], [Changd96], é

o) d given assumptions on the
oni cenesso of the phyl ogen
needed to reconstruct with high confidence
[ Att es on 0 93epl-Szekelk:r d o s
Warnowd99], é

A this work

d given some amount of data, how much of the
phylogeny can we hope to reconstruct with
high confidence (without any assumption on
the phylogeny)?

o) d efficient forest -building algorithm

0 previous partial results: [ Mossel 607],
[ Daskal aki s et -Maran-SinG & ]6,0 8]
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PART |
distance -matrix methods




distance -matrix methods

A in Jukes-Cantor case
0 associate to each edge e a weight

/ (e) =expectednumber of substitubns along e

d defines a tree metric

DG, j) = a/(e)—-—ln%-—P[s(n) s(H3

d P(T;i,j) - | (ab)

A generalizedby[ St eel 694]

A

d estimate D(i,)) from sequences 1 2 3 4 5
0 deduce the topology of the tree

A reconstruction can be done in polynomial time
d e.g.four-pointmethod [ Bunemano71]
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four -point method

D=D(a,c)+ D(b,d) - D(a,b)- D(c,d)

N

C a
d ¢
D=0
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known sequence -length results

A dassume0 <f<l(e)<g forall e
A [ At t e s dfor uBrlcpnstruction with high probability,  NJ

requires a sequence length

Clogn . ,
k =—g2exp(4D|am(T ))” expn)
(1- e‘“)

A [Erdos-Steel-SzekelyWa r n o wdie $Hort quartet method

requires

k=290 exp(aDepthl))” polyf)
L)

Vv

May 20, 2009 Phylogenies without Branch Bounds




PART I
a new forest -building algorithm




ol ocal 6 metri c

A - to estimate distances of order M with precision t, one needs
Clogn
k=29 exp(2M +2r)
L-e*)
A [ Mo s s edla sythmietric matrix d is a (t,M)-distortion of the

distance matrix D if

IDG, j)- d(, j) <z if d(i,]j)<M+t or D(i,j)<M +¢
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how much can we hope to reconstruct?

A d

0 short edges: we contract them asin [Gronau-Moran-Sni r 0 0 8 ]

X

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

[ Mossel 607], [ Daskal aki s al . 006 ]
non path - disjoint reconstruction true tree
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main theorem

Theorem 1 (Main Result). Let 7 and M be monotone functions of n with
M > 3r. Let m > 37 be such that

1
T _..1.{—_37_.
m{Q[ ]

for all n. Then, there is an algorithm A such that, for all phylogenies T =
(V.E;L,d) in T and all (7. M)-distortions d of d, A applied to d satisfies the
following:
1. [Approximate Path Disjointness| A returns a (27, m — 37)-path-disjoint sub-
forest F of T': R
2. [Depth Guarantee| The forest F' is a refinement of Fyr v (T):
3. [Polynomial Time| A runs in time polynomial in n,log M, log 7.
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algorithm phase 1: clustering

A deach node corresponds to a leaf and an edge
connects two leaves at distance at most m
A d subtrees corresponding to connected components have depth

at most m+t and are approximately path -disjoint
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algorithm phase 2: bipartition extension

A dsuffices to build all bipartitions corr esponding to o0

~~ -
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local reconstruction on a path

A we build the tree by findingall 0| on g 6 oneddsgheosr t 6 p al
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bipartition extension

A we then extend the bipartitions beyond the ball by determining for
each leaf which side it is connected to

-~ -
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future directions

A
0 dependence in shortest edge is tight (up to constant) [Steel-
Szekel y699, 602]
0 dependence in depth isnottight [ Mos s el 604] -Moseebas kal aki
Rochd06], [ RochoO9]
0 mixtures[ St eel 009-Roch dM®SB]s el
A
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stochastic model of evolution

A
0 phylogeny: T
d rate of mutation on e: u, e AACTAAGGTCGCAGGGCCAAAT®
d number of species: n ¢

As -G

ﬁk A

Q
ll
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main theorem

Theorem 1 (Main Result). Let 7 and M be monotone functions of n with
M > 3r. Let m > 37 be such that

1
T _..1.{—_37_.
m{Q[ ]

for all n. Then, there is an algorithm A such that, for all phylogenies T =
(V.E;L,d) in T and all (7. M)-distortions d of d, A applied to d satisfies the
following:
1. [Approximate Path Disjointness| A returns a (27, m — 37)-path-disjoint sub-
forest F of T': R
2. [Depth Guarantee| The forest F' is a refinement of Fyr v (T):
3. [Polynomial Time| A runs in time polynomial in n,log M, log 7.
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counter -example

dcannot do better than M/2

May 20, 2009

1M+2f 1MJrZ'r
2 2
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more formally

A
0 treeson nleaves: T,
0 model: (T1 {pe}ein E) in Qn
8 kiid. samples: s/, ésk 1 2 3 4 5
0 reconstruction map: A A T T T
dailk i A G G G C
vodsify s TIT, A
G C C C C
A dthe map Y, solves the C C T C C

phylogenetic reconstruction problem

with k samples and confidence 1-d if for
all models (T: {pe}e in E) in Qn ‘ |
i |k 2
v st )=T|21- @

A efficiency
0 computational: running time
0 information -theoretic: k
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maximum likelihood

A likelihood
L (T; D) =ProD|T]

A MLE
T* « max; L(T;D)

A statistically consistent [ Ch a n gbuto 6 |

o) [Chor-Tul | er 60NPnRadwds ] (1 . e. oOocomputati onsée
actually hard to approximate

d information -theoretic complexity not known

A similar situation holds for parsimony (actually not even consistent
[ Fel sengteind78]
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0 arbitrary dataset
0 model-generated dataset

A we focus on the latter

A plus:

-----------

------------

December 6, 2007

theoretical approach

want oefficie

n = # species

k = seq. length

Big Trees from Short Sequences
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approximate path -disjointness

Definition 3 (Approximate Path-Disjointness). Let T' = (V. E;L.d) be a
phylogeny. Two subtrees T,.1T5 of T restricted respectively to Li.Lo T L are
(7, M )-path-disjoint if Ly N Lo = () and for all pairs of leaves uy, vy € L1 and
g, vo € Lo such that ~ ~

PT(“I- i‘l) (M PT(HQ. i‘g) I 'm
we have:

- ~ 1
min{ Ay (z) : & € Pr(ui,v1) NPr(uz, v2)} = E_M'
and, if further Pr(uy1.v1) N Pr(ua,vg) £ 0,
max{A. : €€ Pr(ui,v1) N Pr(uz,v2)} <71

More generally, a collection of restricted subtrees Ty, ..., T, of T are (7.M)-
path-disjoint if they are pairwise (7, M)-path-disjoint. In the case T = 0, we
stmply say that the subtrees are path-disjoint.
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