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Nucleotide substitutions
Nucleotide substitution rates vary (a
lot!) between genes and organisms
and also depending on the position in
the codon (synonymous / nonsynonymous substitutions)

http://www.mun.ca/biology/scarr/Transitions_vs_Transversions.html

Average rates for HIV-1 env
(borrowed from presentation by Marco Salemi)
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Nucleotide substitution models

Nearly invariable sites

Mutation hotspots

Rates of evolution are not equally
distributed over sites. Gamma
distributions with different values of
alpha have been shown to be much more
realistic. In addition a proportion of
invariant sites can be added.
Tha most complex model is therefore
GTR+Γ+I

http://www.hiv.lanl.gov/content/sequence/PHYML/showmodels.html

Modeltest

Name Surname

By running your data through jModeltest you get a
maximum likelihood estimation of which nucleotid
substitution model is most appropriate for your data
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FindModel (LANL tools)

This is an alternative to jModelTest. FindModel is an
online tool (no need to download and install). It does
not test as many models, but is usually good enough
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Tree building methods
Distance matrix methods
Unweighted Pair Group Method with Arithmetic Mean (UPGMA):
assumes constant rate of evolution, mostly used for guide trees

Neighbor-joining (NJ): Starts with starlike phylogeny with equal
distance between all taxa. Distance matrix for all taxa, closest
neighbours joined in a node, new matrix calculated, new node for
closest neighbours and so on.
+Computationally efficient, can be used on very large datasets.
-Produce only one tree, no idea if there were other good trees.
-Not possible to estimate ancestral character states

Tree building methods
Character state methods
(evaluation of candidate trees “tree space” according to specific criteria.Scoring
of each tree, trying to find the tree that optimizes the criteria (minimum
evolution or maximum likelihood)

Maximum parsimony: the preferred tree is the one that requires
the least evolutionary change. Often used for morphological data.
Maximum likelihood: the tree that has the highest probability of
producing the observed data is the most likely tree. Often used for
molecular data.
Bayesian: generates a posterior probability for each tree, which is
based on the likelihood and incorporated prior knowledge.
(see http://www.whoi.edu/cms/files/stiwari/2006/8/mrbayesIntro_MBL05_12986.pdf)

The number of possible trees increase rapidly
For n taxa there are (2n-3)!/[(2n-2)*(n-2)!] rooted, binary trees
Number of
taxa
4
5
10
48

Number of possible tree
topologies
15
105
34 459 425
3.2e70

In LANL 10 nov 2011:
Complete genomes
Pol 2253-3263
V3

upper limit for exhaustive search
approximately the number of particles in the known universe

2832
59508
133578

No of possible trees
6.4e7682
too big for the calculator...
even bigger!

Not an option to include even 1% of all available sequences
It is necessary to make a careful choice when selecting reference sequences. Some subtype references are good as a framework (remember to
include some outgroup sequences), otherwise include sequences from the subtype/geographic region etc that you are interested in, and if possible
from a fairly large tine span for more accurate dating using the molecular clock.

How do we find the best tree?
(or at least a good one...)
Exhaustive search – only possible for very small data sets.
Branch-and-bound – finds the best tree by checking all possible trees (cutting of paths
in the search tree that cannot possibly lead to optimal trees). Also very
computationally demanding for large data sets
Heuristic – searches tree space by making small random changes to a starting tree,
and accepting the new tree according to defined criteria. This method does not
check all trees and cannot guarantee to find the best one.

There is always a risk of getting stuck on a
local optimum rather than finding the
global optimum. In Bayesian phylogenetics
one does not search for a single optimal
tree but a set of plausible trees.
Introduction of priors limit the search space
Name Surname
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Molecular clocks
 Hypothesis: for any given
macromolecule the rate of evolution
is approximately constant over time
in all evolutionary lineages (First
proposed by Zuckerkandl and
Pauling 1962)
 If this is true this can be used to estimate the time of the most
recent common ancestor (tMRCA) using genetic sequence from
organisms alive today
 However, there is no global clock. Homologous genes in
species with different lifespans, metabolic rates etc have
different mutation rates.
 Also problematic at very short and very long time-scales (due to
non-fixed mutations / saturation)
 Nevertheless, the concept is very useful and local clocks can be
applied within systems.
Name Surname
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Molecular clock

The substitution/fixation rate (µ) is the rate at which
sequences in different populations diverge through time.
The mutation rate (m) is the rate at which individuals
incorporate errors are incorporated during replication.
The probability of fixation determines the difference
between them.
k = N μ p = substitution rate (per generation)
μ = mutation rate (per individual per generation)
p = probability of fixation
N = population size (2N for diploids)
Name Surname
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Calibrating molecular clocks

RNA viruses are unusual
since their extremely high
mutation rate leads to
measurably evolving
populations.

Therefore it is possible to
use tip dates for
calibration

Korber et al, 2000.Science

Name Surname
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Relaxing the molecular clock
 Instead of assuming a constant rate as for the fixed clock, the
relaxed clock draws the rate for each branch of the tree
independently from an identical distribution (exponential or lognormal)

Pybus et al, 2006, Genome Biology

Name Surname
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BEAUTi – a graphical user interface
for BEAST
Import Nexus-file

Specification of taxon
sets for which we have
or want a tMRCA
estimate
Name Surname
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BEAUTi
Use of tip dates for calibration
In order to avoid mistakes like those below (arrows) it
is important to have a good nomenclature so that all
dates are guessed correctly. Always check, and edit
manually wherever necessary

Height is calculated from the
most recent date in the set, for
example 2009 if that is when
the latest sample was obtained
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12 January 2012

16

BEAUTi

We know from the jModeltest result that GTR+Γ+I fits this data best
Name Surname

12 January 2012

17

BEAUTi
By starting with a UPGMA rather
than a random tree you are likely
to begin your search in a better
place in ”tree space”. Useful for
large data sets.

Unless you have prior
knowledge about which
model best fits the data, try
different clock models and
different Tree Priors, and then
perform a Bayes Factor Test to
see which is the best model
Name Surname
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BEAUTi

If you have prior knowledge, change the priors, otherwise leave the default values.
For this dataset we have some parameter estimates from jModelTest (but be careful
not to limit the search too much! Can guide the search by changing the initial value,
but not the bounds). Also, in the litterature we can find a prior estimate for the
tMRCA of subtype D in 1947 (Abecasis et al, 2009 J. Vir.), which is 62 years from the
latest tip date, 2009.
Name Surname
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BEAUTi

Name Surname

12 January 2012

20

BEAUTi
Do not close the BEAUTi
file until you have seen
that you can run it in
BEAST. It is also easy now
to go back and make
minor changes in the
model and save under
different names for
comparison.
Example: use the
exponential and lognormal clocks in
combination with the
Tree Priors Constant
growth and Bayesian
Skyline to create the files
TZ_D_ln_const
TZ_D_ln_BSL
TZ_D_exp_const
TZ_D_exp_BSL
As these analyses are computationally demanding, start with ”short” runs while testing the models (around 10 million). Then, after you
have performed Bayes factor analysis to decide on the best model you can run longer chains if necessary (can be >100 million), use the
Tracer file to check for convergence and ESS-values to help decide what is needed for you analysis.
Name Surname
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BEAST
To make a BEAST run – just choose the
.xml file created in BEAUTi and click
Run.
BEAST generates two result files, one
.log file which is analyzed in Tracer, and
one .trees file which after annotation
can be viewed in FigTree

Name Surname
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Tracer

Name Surname

It is possible to open and compare several log-files simultaneously in Tracer.
Here it looks like the red, yellow and blue chains have ”converged” – they are
fluctuating around a value. The black one looks like it may not have found the
equilibrium yet.

12 January 2012

23

Tracer

Name Surname
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Tracer

Name Surname

This analysis will probably improve if it would be run for a longer
time – the ESS values are still low and the histograms are
approaching normal distributions, but are not there yet
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Bayes factor analysis

Bayes factor, rough
interpretation guide:
0-3: not significant
3-10: uncertain significance
>10: important difference
TZ-D_ln_BSL is the model with the highest likelihood. The differences to both models with the exponential clock are high (81.97 and
110.337), but there is only a minor difference compared to TZ_D_ln_const (2.21) -> can continue with longer runs for both models
Name Surname
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Perform longer runs using the selected
model(s)





No need to regenerate the XML-file in BEAUTi, just open in a text editor (for example
WordPad), and change the chain length.
It may also be useful to change the log frequencies (screenLog, fileLog, treeFileLog). Rule
of thumb – obtain 10000 trees. Ex run of 50 million generations: fileLog and treeFileLog =
logEvery 5000
Save the file in a new folder since the output files will have the same name as from the
previous run (unless you change this as well!)
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How do I know how long I need to run
my analysis?
 Look at the Tracer
log-file for
• Chain
convergence
• ESS values
• Shape of the
distribution curve

Name Surname
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Demographic reconstruction, Tracer

Name Surname
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TreeAnnotator









Distributed with the BEAST
package
Creates a consensus tree
with posterior probabilities
from the ≈10000 sampled
trees
Burnin approx 10% (1000 if
you have sampled 10000
trees), but look at Tracer file
and amend if necessary
Save as a .tree file
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FigTree

Name Surname

Good program for viewing and editing trees. Lots of functions, take the time to explore different options.
Under Node Labels you can see the posterior for each node – gives the credibility for that clade and you can
also see the age of the node – the tMRCA estimate for that branching event.
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to learn more...
http://beast.bio.ed.ac.uk/Tutorials

http://regaweb.med.kuleuven.be/workshop/
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