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Phylogeneﬂc analysus

= Sequence-based methods
= Maximum parsimony
= Maximum likelihood

o Distance-based methods

\_

= NJ, UPGMA ... trees

= Split-decomposition & Neighbor-Net
networks

s
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Phylogenetics with distances

Tree
Aligned sequences

ACGACCTACGACTGCATCAGCATCGCATCAGCTACGCTCGCTC
AGACTATCGGATTAAAAGCATCAGCATCGACATCAGCATCAGC
GGCGCCATCGATCGCAATCAAGGGGGGGCCCTACCGCATTCAG
CATCACGCTCGCCCAATCGCATCACGCATCGCATCGCATCGCA

o o
TCGCATCGACTCGCAT Tr'ee'bL“ ld | ng
ACGACCTACGACTGCATCAGCATCGCATCAGCTACGCTCGCTC P1 cj
AGACTATCGGATTAAAAGCATCAGCATCGACATCAGCATCAGC mCT O
GGCGCCATCGATCGCAATCAAGGGGGGGCCCTACCGCATTCAG

CATCACGCTCGCCCAATCGCATCACGCATCGCATCGCATCGCA

TCGCATCGACTCGCAT

ACGACCTACGACTGCATCAGCATCGCATCAGCTACGCTCGCTC

AGACTATCGGATTAAAAGCATCAGCATCGACATCAGCATCAGC

GGCGCCATCGATCGCAATCAAGGGGGGGCCCTACCGCATTCAG

CATCACGCTCGCCCAATCGCATCACGCATCGCATCGCATCGCA

TCGCATCGACTCGCAT

Distance Network method
transformation

Distance
matrix
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Dls’rance corrections

Problem

Hidden mutations (e.g. A — C — A) mean that we

can't directly observe the number of mutations
between two sequences.

Solution

Assume the sequences evolve according to a
Markov process and use probability theory to
estimate the number of hidden mutations.

D = —tr(MNlog(N~—1tF))

"
GTR "General time-reversible model Daniel Huson. 2003
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Cor'r'ec'rlon for'mulas

= Most of the standard distance
correction formulas can be derived
directly from the 6TR

= E.g., we obtain the Jukes-Cantor
correction as:

D = 3Io (1 4)
—49 319

Daniel Huson, 2003
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Sequence evolution along one tree

We usually assume that sequences evolve on a fixed tree:

Tree:

3 R3C 3 )

|
Sequences: :
|

|
Standard distance corrections apply to such.sequences
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Mosaic sequence evolution

"Mosaic sequences” evolve along different trees
Gene A Gene B Gene C Gene D

OO0 00 00 . OO0 O O

What happens if we apply standard distance corrections
to mosaic sequences? ...
® We are correcting according to an incorrect madef boos
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~ Mosaic sequence evolution

= Can we safely apply standard distance
corrections to mosaic sequences?

Trees: Tl TZ o Tk

Sequence proportions: q, qx

Number of mutations
between two fixed
d d; dy

sequences x and y
True distance between sequences x and y:

E[d]:ziqidi Var[d]=Xq,(di-E[d])?

expected number of mutationSanie Huson, 2003




d= 0.12 d, = 0.06 ds= 0.12

True distance E[¢] = 2/3 x 0.14 A3 10D 6ite3. 1
Var[d] = 2/3 x (0.12 - 0.1)2 + 1/3 x (0.06 - 0.1)2=0.0008

Daniel Huson, 2003
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Mam result

Given mosaic sequences. Apply standard correction.

©

E[d]-K- Var[d] ¢ corrected distance < E[d]

- Corrected distance underestimates true distance.

2
-vac(K — %tr(?QQ ),
appro: 0

. Corr [T equilibrium frequencies,
distarwhere (@ rate matrix, and

‘Proo. ... T _Mmutation rate.) e

Daniel Huson, 2003




Appllca’rlons of this r'esul’r

1) How does undetected o e

| B 00 ]

recombination effect —

2) Consequences for rate variation
models?

standard phylogenetic analysis? l
P

3) Do network methods explici’rly) | )j\/

represent recombination?

Daniel Huson, 2003
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Undetected recombma‘l'lon

= Experiments suggest the effect is small:

‘ Estimated distance ‘
Estimated distance

| Weighted distance ‘ Weighted distance

Jukes-Cantor

Two trees DiSTGnCeS e z-p

Fiventnees 2003
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Undetected recombma‘l'lon

= Experiments suggest the effect is small:
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| sampling error ‘

Jukes-Cantor Kimura 2-p.
Two trees Five tnees, 200
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Rate variation

Site-by-site rate variation

Different sites have different rates

Daniel Huson, 2003




= B ZENTRUM FUR BIOINFORMATIK TUBINGEN
A:

| 2) Rate variationmodels ., . -, o

Rate variation

Edge-by-edge rate variation

) r /)

Different sites have different rates on different edges

Daniel Huson, 2003




Consustency under rate vamahoh

= Distance and max. likelihood methods
can be “inconsistent” when rates vary
across sites [J. Chang 1995]

= Our result implies: If
€

(Recall: Me‘r"\/;ﬂbfg Ldﬂzdﬁoﬁ?{enf", if it

converges to the true tree, e length of
Heeep RlEykbrerorJwitdrag appliedetd

corrected distances is consistent.

( E=expected number of mutations on shortesi branohs)
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Networks
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Neighbor-net on human mtDNA Daniel Huson, 2003
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(_ 3) Networks _ T
Trees and spI|1's

rr'

Edge e corresponds to "split” {t;,1,,1¢,t7.15} vs {+3,14.15}
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Splits and splits graphs
C

LCUT—seT of parallel edges defines "split" {A,8} vs res‘r}

Daniel Huson, 2003




* Mosaic evolution and splrrs
Trees: T, T,
Splits sets: 2 25
Seq. proportions: 9 9>

' Be>;

B)5A|B(x7 y)

where b,(A|B) is the branch length of A|B in tree T;, and
8aa(x.y) =1, if A|B separates x,y, and O, else  paniel Huson, 2003




" Mosaic evolution and spll‘rs

Our results imply:

= A splits graph G estimates the set of
splits 2=U %, of the trees T;,.., T,

= The lengths of the edges in G estimate
the corresponding branch lengths,
weighted by the frequencies

Daniel Huson, 2003




" Mosaic evolution and spll‘rs

= The split decomposition method ieandeit & bress 19921
is consistent when all splits are “"weakly
compatible”

* The Neighbor'-Ne’r me’rhod [Bryant & Moulton 2002]
is consistent when all splits are “circular”

—> both methods will reconstruct the

generating splits and branch lengths, given
long enough sequences

Daniel Huson, 2003




Sequence
proportions

2/3
A

Split decomposition

As sequences grow longer

1/3 ¢

Splits graph containing
the splits of both trees

Daniel Huson, 2003




Summary

= We have established a general result
for distance corrections on mosaic
sequences

= The effect of using standard distance
corrections may not be oo bad when
the variance is small

= Splits graphs estimate the generating
splits and their branch lengths

Daniel Huson, 2003




