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The two common ways phylogenies are rooted:

1. Rooting by outgroup
Dog
Go Hu

Gl Go Ch Hu

Ingroup species are all more closely
related to each other than any are to
the outgroup species.

Point on the phylogeny where outgroup
attaches to ingroup 1s root of 1ngroup

Ingroup root 1s most accurately inferred
when outgroup 1s not terribly distantly
related to ingroup members.

2. Rooting by "Molecular Clock"

Gi
Ch
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All "tips" should be equally far from root



Character: 123456
o) Gorilla: GAGCTC
1) Gibbon: ACGACC

Hu) Human: GAAATT
h) Chimp: AAAATT

>IN

Gi Hu Ch Go



ACCCT
ACatATGT '

/ AGCCT

ACatACGT AGACCT

Ny

AGACGT
(Common Ancestor)

The "true" alignment.:

ACATATGT
AC---CCT



Phylogeny Reconstruction is computationally difficult.

Number of |  Number of Number of
Tips | Rooted Trees | Unrooted Trees
2 1 1

3 3 1

4 15 3

5 105 15

6 945 105

7 10,395 945

8 135,135 20,395

9 2,027,025 135,135

10 34,459,425 2,027,025




A bifurcating unrooted tree with n taxa has (2n-3) branches
where n > 2.

Number of unrooted topologies for n taxa is:

2n—=5)x2n—=T7)x ... x (5) x (3) x (1) =

(2n — 5)!
2n=3(n — 3)!

n >3

For each unrooted bifurcating topology, there are (2n —3) rooted
bifurcating topologies . ..

_ (2n—23)! S 3
T2 o) ' F




A good introduction ...

"Inferring Phylogenies"

by Joseph Felsenstein
(published by Sinauer
Associates, August 2003)

covers ...

distance-based
parsimony
maximum likelihood
Bayesian

... phylogeny inference
procedures and more ...



6 — parameters of evolutionary model except for tree
topology and branch lengths (e.g., transition /transversion
parameter, residue frequencies, rate heterogeneity
parameter, etc.)

T — evolutionary tree topology and branch lengths
X — aligned sequence data

Pr (X | 0, 7) is the likelihood

max, maxy Pr (X | 6,7) is the maximum likelihood

the topology that represents the 7 that maximizes the
above is the maximum likelihood estimate of topology
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To calculate likelihood by
summing over possible
internal node states,

"pruning algorithm"

(Felsenstein, 1981,
J.Mol .Evol.,17:368-376)

is available.



4-state substitution model

To

A C G T

From

T
JOEEE
T |+ + | + _



() will represent a matrix of instantaneous rates of change. For the
general time reversible model, the entries of () are:

To
From A C G T
A —(amc + brg + cny) am, brg cTr
C arma —(ama + dng + eny) drg enr
G br 4 dre —(bwa + dnc + frr) frr
T CTT A emc fra —(cma + eme + frg)

In above matrix: a, b, ¢, d, e, and f cannot be negative.

With any rate matrix (including above), the transition probabilities
P(t) can be determined from the rate matrix ) and the amount of
evolution ¢ via

2 3
P(t)ZGQt:]—I—(?'t)‘F(%? +(%t') +...,

where [ is the identity matrix.
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amount of evolution
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Contemporaneously Sampled Data



Branch Length =
Rate x Time

(the information from
molecular sequence data)




Substitution rates of RNA viruses (Suzuki & Gojobori 1999)

Substitution Rate

Virus and Organism Gene {/site/year) Reference
Ebola virus . ................ GP 3.6 % 1079
Marburg virus. . ............. VP35 3.6 X 10-°
VP30 3.8 x 103
VP24 1.3 x 104
HIV-12 . e gag (1.0 — 39) x 103 Li, Tanimura, and Sharp {1988); Gojobori, Moriyama, and Ki-
mura (1990); Gojobon et al. (1994)
pol 1.6 x 103 Li, Tanimura, and Sharp ({1988)
eny {3.9 - 5.1 ¥ 109 Li, Tanimura, and Sharp (1988} Gojobori et al. (1994)
envhy 14.0 % 10-3 Li, Tanimura, and Sharp (1988)
Human influenza A virus. . .... Ha (H3) (2.9 — 3.68) < 10 3 Gojobori, Morivama, and Kimura (1990); Hayashida et al.
{1985)
NA (N1 3.7 % 1073 Hayashida et al. (1985)
NA (N2) 2.8 % 103 Havashida et al. (1985)
MMSVE, V-IoS 8.2 x 104 Gojobori, Morivama, and Kimura (1990)
MMLWE. . i gag 5.4 x 107¢ Gojobori and Yokoyama (1985)
HCVY. i C 6.3 x 104 Ina et al. (1994)
E 32 X 104 Ina et al. (1994)
ME1 7.5 = 1074 Ina et al. (1994)
NS3 3.3 % 10 Ina et al. (1994)
NS5 22 X 1074 Ina et al. (1994)
HBV:. ... ... . . .. P 1.5 % 10-3 Orito et al. (1989)
pre-S 2.6 X 1075 Orito et al. {1989)
C 1.8 % 10-9 Orito et al. (1989)
X 55 10°F Orito et al. (1989)

Mammals. . . ... ovvvenienans oi-globin 5.6 X Q- Li, Luo, and Wu (1985)




Serially Sampled Data



Drummond et al.2001. Mol.Biol.Evol.18:1365

HIV evolutionary rates before & after drug
treatment as estimated from serially sampled
sequence data
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Korber et al.2000.Timing the Ancestor of the
HIV-1 Pandemic Strains. Science 288:1789
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Predictive Isolate: Codon set

A/Shangdong/5/94: Positively selected codons
A/Harbin/3/94: Codons associated with receptor binding
A/Santiago/7198/94: Fastest evolving codons
A/NewYork/15/94: Codons in or near antibody combining sites A and B
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Fig. 3. Estimated phylogeny of HIV sequences
from a Florida dentist, seven of his HIV-sero-
positive patients, and four individuals from the
local population (LC) whose HIV sequences
were most similar to those of the dentist (47).
The outgroup (HIVELI) is an African HIV-1 se-
quence. Two divergent HIV sequences (la-
beled x and y) were examined from most indi-
viduals. The dental clade consists of patients
whose HIV sequences are closer to those of the
dentist than to those of any of the local controls.
Branch lengths are proportional to the number
of inferred evolutionary changes averaged
across all possible character reconstructions
(from MacClade) (20). The bar labeled At is the
distance from the root to the most divergent tip;
it also indicates the divergence scale for the
simulations in Fig. 4.

From Hillis et al. 1994





