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1 Introduction

BEAST is a cross-platform program for Bayesian MCMC analysis of molecular
sequences. It is orientated towards rooted, time-measured phylogenies inferred
using strict or relaxed molecular clock models. It is intended both as a method
of reconstructing phylogenies and as a framework for testing evolutionary hy-
potheses without conditioning on a single tree topology. BEAST uses MCMC
to average over tree space, so that each tree is weighted proportional to its
posterior probability. We include a simple to use user-interface program for
setting up standard analyses and a suite of programs for analysing the results.
There are three main areas of research for which the BEAUti/BEAST package
is particularly applicable. These areas are species phylogenies for molecular dat-
ing, coalescent-based population genetics and measurably evolving populations
(ancient DNA or time-stamped viral sequence data sets).

2 BEAUti

BEAUti (Bayesian Evolutionary Analysis Utility) is a graphical software pack-
age that allows the creation of BEAST XML input files. The exact instructions
for running BEAUti differ depending on which computer system you are oper-
ating. Please see the README text file that was distributed with the version
you downloaded. Once running, BEAUti will look similar irrespective of which
computer system it is running on.

2.1 Importing the NEXUS input file

In the top left hand corner of the BEAUti window is the “File” menu. From
the “File” menu select “Import NEXUS”. A window will appear, allowing you
to select your NEXUS input file.

2.2 Data panel

Once your NEXUS input file has been imported into BEAUti, the “Data” win-
dow will appear with your sequence information displayed.

2.2.1 Name column

This column contains a unique name for each DNA sequence.

2.2.2 Date column and time-stamped data

This section is only important for researchers interested in ancient DNA (aDNA)
or time-stamped data sets (generally virus sequence data). The “Date” refers
to either the date or the age of the sequences. The default date for all taxa
is assumed to be zero. This will be correct if all your sequences were sampled
at approximately the same time point. For aDNA “Date” will typically be in
radiocarbon years, though for the purposes of analysis, “Date” in years will
suffice. For radiocarbon dates, only enter the absolute date value, not the
associated error. The dates entered need to be specified as “Years” and “Before
the present” from the “Dates specified as” menu. For viral data sets, dates



will most commonly be calendar years (e.g., 1984, 1989, 2007, etc.) or perhaps
months or even days since the start of the study and need to be specified as
“Years”, “Months” or “Days” and “Since some time in the past”. Although
BEAUTI allows you to specify the units for these dates, this is simply to make
a record of the units for reference. Whatever units of time you use to specify
the dates will then be used throughout the analysis. For example, if you give
your dates in millions of years (e.g., 0.1 representing 100,000 years) then all the
reported dates and rates will be given as My (e.g., a reported rate of 0.01 will
have units of substitutions per My and thus be 1.0E-8 substitutions per year).

The “Clear Dates” button resets all dates in the Date column to zero.

Sometimes it is more convenient to use the “Guess Dates” option rather than
enter the date values manually into the “Dates” column. This option guesses
the sequence dates from the numerical information contained within the taxon
name. If the taxon name contains more than one numerical field then you
can specify BEAUti to find the field that corresponds to the sampling date by
specifying the order that the date field comes (first, last, etc.) or specifying a
prefix (a character that comes immediately before the date field in each name).
You can also add a fixed value to each guessed date.

2.2.3 Ancient DNA and radiocarbon dates

Most aDNA data sets will be a combination of dated and undated sequences.
This poses a problem when analysing these data sets with BEAST. There are a
couple of options available to resolve this. It is important however not to leave
a date for any aDNA sequence as zero. BEAST will assume that this sequence
has an age of zero (i.e., is a modern sequence), which will bias the parameter
estimates such as mutation rate, divergence times and population sizes. There
are a few of options:

1. Exclude non-dated aDNA sequences from the analysis. Sequences can be
highlighted in the “Data” window and then deleted by selecting “Delete”
from the “Edit” menu.

2. Have two to three carbon dated aDNA sequences from each sub fossil
deposit, or find published dates for the sub fossil deposit. Use these dates
to calculate an average age for the deposit.

3. If the first two options are not available, the nature of the deposit and
the local geography can be used to calculate an average age of the de-
posit/aDNA sequences. For example: In New Zealand, sea levels after the
last glaciation did not stabilize at present levels until 6,000 years ago. Once
stabilization occurred (and not before), coastal sand dunes formed, with
swamps forming behind these dunes, trapping moa. Thus the majority of
coastal swamp deposits are less than 6,000 years old, with an average age
of around 3,000 years. Another example is: During the Holocene species
“A” lived in the geographical area “A”. However, from published data we
know that during the height of the last glacial cycle of the Pleistocene
ice age (approximately 20,000-10,000 years ago) species “A” also lived in
the geographical area “B”. Thus any undated sub fossil bones of species
“A” from geographical area “B” have to have an average age of 15,000
years. Finally, glacial U-shaped valleys are an indication that the valley



was under a glacier during the height of the last glacial cycle. These en-
vironments did not open up for colonization by plants and animals until
10,000-14,000 years ago. Thus any sub fossil remains found in these val-
leys have to be younger than 10,000-14,000 years with an average age of
5,000-7,000 years.

2.2.4 Height column

This refers to the height (age) of each sequence relative to the youngest se-
quence. For non-dated sequences, all heights will be zero. For time-stamped
data BEAUti will designate the youngest (most modern) sequence as height
zero and calculate the age/height of all other dated sequences relative to this.
This information, along with the mutation rate will be used to estimate the
age/height of internal nodes in the tree such as the treeModel.rootHeight
(the age of the root of the tree).

For modern sequences, dates of divergence are set by creating priors on either
internal nodes or the overall rate of substitution.

2.2.5 Sequence column

This column shows the DNA sequence alignment specified in the NEXUS input
file.

2.2.6 Translation options

This is relevant if your analysis concerns protein coding genes and you want to
perform an analysis based on amino acid sequences. If you are analysing non-
coding sequence data such as mitochondrial DNA control region, then leave
this option set to “None”. This combo box specifies the amino acid translation
code for the DNA sequence data. The options refer to what organism (e.g.,
“Vertebrate”, “Yeast” or “Bacterial”) and whether the sequence data is nuclear
(for vertebrates select “Universal”) versus mitochondrial (for vertebrates select
“Vertebrate Mitochondrial”). Selecting these options will translate the DNA
sequence into the amino acid sequence using the specified translation code. If
your sequences are amino acid sequences, then this option will be disabled.

2.3 Taxa panel

This window allows you to set up taxon subsets within the sequence data. By
setting up these subsets you define a set of taxa. This will also allow you to
log the time to most recent common ancestor tp;rca for each taxon subset
and also set prior distributions on the corresponding divergence times. The
resulting tMRCAs in the log file will be specified in the same units as those
specified for your DNA sequences (i.e., radiocarbon years for aDNA data sets or
for non-dated data sets whatever time units the rate/date priors are specified
in). These taxon subsets can represent different species in multi-species analyses
or perhaps geographically isolated populations within a species. It is important
to note that setting up a taxon subset does not guarantee that this group will
be monophyletic with respect to other taxa in the resulting MCMC analysis.
Therefore the corresponding MRCA may in fact contain other descendants than
just those specified in the taxon set.



You can set up taxon subsets as follows. In the bottom left hand corner
of the screen are a "+” and ”-” button. Selecting the ”"+” button will import
your named sequences into the “Excluded Taxa” column. By selecting specific
sequences, then clicking the right-hand facing arrow, these sequences will be
imported into the “Included Taxa” column and vice versa. The “untitled”
taxon label in the “Taxon Sets” column must be labelled with a specific name
to designate the new taxon subset. Taxon sets can be added by clicking the ”+4”
button and removed by clicking the ”-” button. Taxa in the “Included Taxa”
group will be used to date the tj;rca, while taxa in the “Excluded Taxa”
column may or may not be in the same clade.

2.4 Model panel

This window allows you to specify DNA or amino acid substitution models,
partition protein coding sequence into codon positions, unlink the substitution
model and rate heterogeneity across codon positions (all parameters can be ei-
ther shared or made independent among partitions in the sequence data), fix
the substitution rate and finally select the molecular clock model. Depend-
ing on whether your data is nucleotide or amino acid sequence (or nucleotides
translated into amino acids) the options will differ. The substitution models
used in BEAST will be familiar to users of other Bayesian and likelihood-based
phylogenetics software.

2.4.1 Substitution model

Substitution models describe the process of one nucleotide or amino acid being
substituted for another. There are two DNA substitution models available in
BEAUti: the Hasegawa-Kishino-Yano (HKY) model and the General Time Re-
versible (GTR) model. Other substitution models can be achieved by editing
the BEAST XML file generated by BEAUti. For nucleotide data, all the models
that are nested within the GTR model (including the well known HKY85 model)
can be specified by manually editing the XML. When analysing protein coding
data the Goldman and Yang model can be used to model codon evolution [24].

For the analysis of amino acid data the following replacement models can be
used: Blosum62, CPREV, Dayhoff, JTT, MTREV and WAG (ref).

2.4.2 Site heterogeneity model

This allows the refinement of the HKY or GTR model to allow different sites in
the alignment to evolve at different rates. The “None”, “Gamma”, “Invariant
Sites” and “Gamma + Invariant Sites” options in this menu help explain among
site rate heterogeneity within your data.

Selecting “None” specifies a model in which all sites are assumed to evolve
at the same rate. For most data sets, this will not be the case, however for some
alignments there is very little variation and the equal rates across sites model
can’t be rejected.

Selecting “Gamma” will permit substitution rate variation among sites within
your data (i.e., the substitution rate is allowed to vary so that some sites evolve
slowly and some quickly). The shape parameter “alpha” of the Gamma distri-
bution specifies the range of the rate variation among sites. Small alpha values



(< 1) result in L shaped distributions, indicating that your data has extreme
rate variation such that most sites are invariable but a few sites have high sub-
stitution rates. High alpha values result in a bell shaped curve, indicating that
there is little rate variation from site to site in your sequence alignment. When
alpha reaches infinity, all sites have the same substitution rate (i.e., equivalent to
“None”). If the analysis concerns protein coding DNA sequences, the estimated
gamma distribution will generally be L-shaped. If the codons are however par-
titioned into 1st, 2nd and 3rd positions, 1st and 2nd will generally have a lower
alpha value than the 3rd.

Selecting “Invariant Sites” specifies a model in which some sites in your data
never undergo any evolutionary change while the rest evolve at the same rate.
The parameter introduced by this option is the proportion of invariant sites
within your data. The starting value of this parameter must be less than 1.0,
or BEAST will fail to run.

Finally, selecting “Gamma and Invariant Sites” will combine the two sim-
pler models of among-site rate heterogeneity so that there will be a proportion
of invariant sites and the rates of the remaining sites are assumed to be I'-
distributed.

2.4.3 Number of Gamma categories

This combo box allows the user to choose the number of categories for the
discrete approximation of the Gamma distribution [25]

2.4.4 Partitioning into codon positions

BEAST provides the ability to analyse multiple data partitions simultaneously
which share or have separate parameters for each partition. If the analysis
concerns just non-coding DNA like mtDNA control region, select “Off” from
the menu. Partitioning is useful when combining multiple genes (e.g., cyt b and
COI), protein and non-coding sequence data (control region and cytochrome
b), and nuclear and mitochondrial data, or to allocate different evolutionary
processes to different regions of a sequence alignment like codon positions. By
partitioning your data, this allows more information from the data set to be
extracted. In BEAUti, you can only partition into 1st, 2nd and 3rd codon
positions. All other partitioning must be done by editing the XML file.

There are two choices. Partitioning into 7 (142)+3” keeps the 1st and 2nd
positions in one partition (slower substitution rate due to their constrained
nature in coding for amino acids) and the 3rd position in a separate partition
(faster substitution rate due to the increased redundancy in the genetic code of
the 3rd codon position). Partitioning into ”1+2+3” allows each codon position
to have its own substitution rate. This assumes that the data is aligned on
codon boundaries, so that every third site in the alignment is the third position
in a codon for all sequences in the alignment.

Unlinking substitution model across codon positions will instruct BEAST to
estimate a separate transition-transversion ratio (kappa parameter) for HKY or
separate relative rate parameters for GTR for each codon position. Unlinking
rate heterogeneity model will instruct BEAST to estimate the among-site rate
heterogeneity parameters independently for each codon position.



2.4.5 Use SRD06 Model

When this button is pressed BEAUti selects a particular combination of the
above settings which represent the model suggested by Shapiro et al [?]. This
model links 1st and 2nd codon positions but allows the 3rd positions to have a
different relative rate of substitution, transition-transversion ratio and gamma-
distributed rate heterogeneity. This model has fewer parameters than GTR +
gamma + invariant sites but has been found to provide a better fit for protein-
coding nucleotide data.

2.4.6 Fix mean substitution rate

This option is relevant when you have no fossil calibration data and want to
calibrate the data set using a known substitution/mutation rate. This will in
effect calibrate the phylogeny with an external rate and will mean abandoning
any errors associated with this rate. If you want to calibrate your phylogeny
with a rate estimate that includes uncertainty then you should unselect this
option and provide a prior distribution for the rate in the Priors panel (see
section 2.5).

Setting this to 1.0 will result in the ages of internal nodes being estimated
in units of substitution/site, which is often appropriate when the objective of
the analysis is phylogenetic reconstruction and the time frame of the phylogeny
is not of interest.

2.4.7 Molecular clock rate variation model

This allows you to select the appropriate model for rate variation among branches
in the tree. The model you select will be used to estimate the substitution rate
for each node of the tree, the tyyrc 4 of taxon groups, and the treeModel . rootHeight
parameter (which represents the ¢y rca for the root of the phylogeny). There
are currently three options in BEAUti: “Strict Clock”, “Relaxed Clock: Uncor-
related Exponential” and “Relaxed Clock: Uncorrelated Lognormal”. A strict
clock assumes a global clock rate with no variation among lineages in a tree.
However, biology is generally not that simple. Often the data will best fit a re-
laxed molecular clock model. Relaxed molecular clock models (There are other
models - one under development that will be included in later versions of BEAUti
will be the Random Local Molecular Clock model) assume independent rates on
different branches, with one or two parameters that define the distribution of
rates across branches. The relaxed molecular clock models in BEAST are called
“uncorrelated” because there is no a priori correlation between a lineage’s rate
and that of its ancestor [31].

The strict molecular clock is the basic model for rates among branches sup-
ported by BEAST. Under this model the tree is calibrated by either:

1. Specifying a substitution rate (this can be done either by fixing the mean
substitution rate to a designated value or by using a prior on the clock.rate
parameter in the “Priors” panel) or

2. Calibrating the dates of one or more internal nodes (by specifying a prior
on the tprcra of a taxon subset or the treeModel.rootHeight). This
allows the divergence dates of clades (defined either as a monophyletic



grouping or as the ty;rca of a specified taxon subset) to be calculated
based on the best fit of a single mutation rate across the whole tree.

When using the relaxed molecular clock models, the rate for each branch
is drawn from an underlying exponential or lognormal distribution. We rec-
ommend the use of the uncorrelated relaxed lognormal clock as this gives an
indication of how clock-like your data is (measured by the ucld.stdev param-
eter). If the ucld.stdev parameter estimate is close to 0.0 then the data is
quite clock-like. If the ucld.stdev has an estimated value much greater than
1.0 then your data exhibits very substantial rate heterogeneity among lineages.
This pattern will also be true for the coefficient of variation parameter.

Note: To test MCMC chain performance in the first run of BEAST on a
new data set, it is often a good idea to start with a relatively simple model.
In the context of divergence dating this might mean running a strict molecular
clock (with informative priors on either clock.rate, one or more tprrcas, or
treeModel.rootHeight). If BEAST can’t produce an adequate sample of the
posterior under a simple model, then it is unlikely to perform well on more
complicated substitution and molecular clock models.

2.5 Priors panel

The Priors panel allows the user to specify informative priors for all the param-
eters in the model. This is both an advantage and a burden. It is an advantage
because relevant knowledge such as fossil calibration points within a phylogeny
can be incorporated into the analysis. It is a burden because when no obvious
prior distribution for a parameter exists, it is your responsibility to ensure that
the prior selected is not inadvertently influencing the posterior distribution of
the parameter of interest.

2.5.1 Tree priors

When sequences have been collected from a panmictic intraspecific population
there are various coalescent tree priors that can be used to model population
size changes through time. Under the coalescent assumption BEAST allows a
number of parametric demographic functions of population size through time:
constant size, exponential growth, logistic growth and expansion growth. Which
one you choose depends on the population you are analysing and the demo-
graphic assumptions you wish to make.

In addition, the Bayesian skyline plot (BSP) [29] is available, which calcu-
lates the effective breeding population size (N.) through time (up to a constant
related to the generation length in the time units of the analysis). However,
the BSP should only be used if the data are strongly informative about pop-
ulation history, or when the demographic history is not the primary object of
interest and a flexible coalescent tree prior with minimal assumptions is desir-
able. This coalescent-based tree prior only requires you to specify how many
discrete changes in the population history are allowed. It will then estimate
a demographic function that has the specified number of steps integrated over
all possible times of the change-points and population sizes within each step
to calculate a function of N, through time [29]. Two variants of the BSP are
provided, the “Stepwise” model in which the population is constant between
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change-points and then jumps instantaneously and the “Linear” model in which
the population grows or declines linearly between change-points.

All the demographic models listed above are parametric priors on the ages
of nodes in the tree, in which the hyperparameters (e.g., population size and
growth rate in the case of the exponential growth model) can be sampled and
estimated.

For species-level phylogenies, coalescent priors are generally inappropriate.
In this case, we suggest that you use the Yule tree prior. The Yule tree prior
assumes a constant speciation rate per lineage. This prior has a single parameter
(yule.birthRate) that represents the average net rate of lineage birth. Under
this prior branch lengths are expected to be exponentially distributed with a
mean of yule.birthRate™!.

2.5.2 UPGMA starting tree

The UPGMA tree is a useful option when you have lots of constraints and priors
on your starting tree that must be satisfied.

2.5.3 Parameters

Crucial to the interpretation of all BEAST parameters is an understanding of
the units that the tree is measured in. The simplest situation occurs when
no calibration information is available, either from knowledge of the rate of
evolution of the gene region, or from knowledge of the age of any of the nodes
in the tree. If this is the case the rate of evolution is set to 1.0 and the branch
lengths in the tree are then in substitutions per site. However if the rate of
evolution is known in substitutions per site per unit time, then the genealogy
will be expressed in the relevant time units. Likewise, if the age of one or more
nodes (internal or external) are known then this will also provide the units for
the rest of the branch lengths and the rate of evolution. Note that only the set
of parameters that are currently being used (as defined by the model settings)
will be shown in the table. For example, if the rate of substitution is fixed
(in the “Model” section) then the clock.rate parameter (or the ucld.mean
if the relaxed clock is selected) will not be available. With this in mind, the
following table lists some of the parameters that can be generated by BEAUti,
their interpretation and units.

clock.rate The rate of the strict molecular clock. This param-
eter only appears when you have selected the strict
molecular clock in the model panel. The units of this
parameter are in substitutions per site per unit time.
If this parameter is fixed to 1.0 (using the Fiz mean
substitution rate option in the Model panel) then the
branch lengths in the tree will be in units of substi-
tutions per site. However, if, for example, the tree is
being calibrated by using fossil calibrations on internal
nodes and those fossil dates are expressed in millions
of years ago (Mya), then the clock.rate parameter
will be an estimate of the evolutionary rate in units of
substitutions per site per million years (Myr).
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constant.popSize This is the coalescent parameter under the assumption
of a constant population size. This parameter only
appears if you select a constant size coalescent tree
prior. This parameter represents the product of effec-
tive population size (N.) and the generation length in
units of time (7). If time is measured in generations
this parameter a direct estimate of N.. Otherwise it
is a composite parameter and an estimate of N, can
be computed from this parameter by dividing it by
the generation length in the units of time that your
calibrations (or clock.rate) are defined in. Finally,
if clock.rate is set to 1.0 then constant.popSize is
an estimate of N,y for haploid data such as mitochon-
drial sequences and 2N u for diploid data, where p is
the substitution rate per site per generation.

covariance If this value is significantly positive, then it means
that within your phylogeny, branches with fast rates
are followed by branches with fast rates. This statis-
tic measures the covariance between parent and child
branch rates in your tree in a relaxed molecular clock
analysis. If this value spans zero, then branches with
fast rates and slow rates are next to each other. It also
means that there is no strong evidence of autocorrela-
tion of rates in the phylogeny.

exponential.growthRate This is the coalescent parameter representing the rate
of growth of the population assuming exponential growth.
The population size at time ¢ is determined by N(t) =
N, exp(—gt) where t is in the same units as the branch
lengths and g is the exponential.growthRate param-
eter. This parameter only appears if you have selected
a exponential growth coalescent tree prior.

exponential.popSize This is the parameter representing the modern day
population size assuming exponential growth. Like
constant.popSize, it is a composite parameter un-
less the time scale of the genealogy is in generations.
This parameter only appears if you have selected a
exponential growth coalescent tree prior.

gtr.{ac,ag,at,cg,gt}  These five parameters are the relative rates of substi-
tutions for A«~C, A<~G, AT, C+G and G<T in
the general time-reversible model of nucleotide substi-
tution [22]. In the default set up these parameters are
relative to rc« 1 = 1.0. These parameters only appear
if you have selected the GTR substitution model.

hky.kappa This parameter is the transition/transversion ratio (k)
parameter of the HKY85 model of nucleotide substi-
tution [23]. This parameter only appears if you have
selected the HKY substitution model.

12



meanRate

siteModel.alpha

siteModel.pInv

treeModel .rootHeight

ucld.mean

ucld.stdev

This statistic is logged when a relaxed molecular clock
is use and it is the estimated number of substitutions
per site across the whole tree divided by the estimated
length of the whole tree in time. It has the same units
as clock.rate parameter. If r; is the rate on the ith
branch and ¢; is the length of time in calendar units for
the ¢th branch then b; = r;t; is the branch length in
substitutions per site and the meanRate is calculated

as Zz bl/ Zz ti.

This parameter is the shape («) parameter of the I dis-
tribution of rate heterogeneity among sites [25]. This
parameter only appears when you have selected Gamma,
or Gamma+Invariant Sites in the site heterogeneity
model.

This parameter is the proportion of invariant sites
(pinv) and has a range between 0 and 1. This param-
eter only appears when you have selected “Invariant
sites” or “Gamma+Invariant Sites” in the site hetero-
geneity model. The starting value must be less than
1.0.

This parameter represents the total height of the tree
(often known as the tprrea). The units of this variable
are the same as the units for the branch lengths in the
tree and will depend on the calibration information for
the rate and/or dates of calibrated nodes.

This is the mean of the branch rates under the un-
correlated lognormal relaxed molecular clock and is
similar but not the same as the mean number of sub-
stitutions per site per unit time (see meanRate above).
If r; is the rate on the 7th branch then ucld.mean is
2n172 122;2 r; and does not take into account the fact
that some branches are longer than others. This pa-
rameter can be in real space or in log space depending
on the BEAST XML. However,under default BEAU#ti
options for the uncorrelated log-normal relaxed clock
this parameter has the same units as clock.rate. If
you want to constrain the mean rate of the relaxed
clock with a prior you should either set a prior on
ucld.mean or meanRate but not both (as they are very
highly correlated via the r; parameters.

This is the standard deviation (o) of the uncorrelated
lognormal relaxed clock (in log-space). If this param-
eter is 0 there is no variation in rates among branches.
If this parameter is greater than 1 then the standard
deviation in branch rates is greater than the mean
rate. This is also the case for the coefficient of vari-
ation. When viewed in Tracer, if the coefficient of
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variation frequency histogram is abutting against zero,
then your data can’t reject a strict molecular clock. If
the frequency histogram is not abutting against zero
then there is among branch rate heterogeneity within
your data, and we recommend the use of a relaxed
molecular clock.

yule.birthRate This parameter is the rate of lineage birth in the Yule
model of speciation. If clock.rate is 1.0 then this
parameter estimates the number of lineages born from
a parent lineage per substitution per site. If the tree
is instead measured in, for example, years, then this
parameter would be the number of new lineages born
from a single parent lineage per year.

tmrca(tazon group) This is the parameter for the t);rca of the specified
taxon subset that you specified in the “Taxa” panel.
The units of this variable are the same as the units
for the branch lengths in the tree and will depend on
the calibration information for the rate and/or dates of
calibrated nodes. There will a tmrca (tazon group) pa-
rameter for each taxon subset specified. Setting priors
on these parameters and/or treeModel.rootHeight
parameter will act as calibration information.

2.5.4 Priors

Under the “priors” column is listed the type of prior that is being utilized for
each parameter in the model. Choosing the appropriate prior is important. For
example, if your sequences are all collected from a single time point, then the
overall evolutionary rate must be specified with a strong prior. The units of
the prior will then determine the units of the node heights in the tree, the age
of the MRCA and the units of the demographic parameters such as population
size and growth rate. Depending on the type of prior that you want, there are
several choices. Clicking on the prior for the parameter in question brings up a
menu with the following options. For divergence time estimation, calibrations
are made by placing priors on the treeModel.rootHeight and tmrca(tazon
group) parameters. There are a number of prior distributions that may be
appropriate:

Uniform This prior allows you to set up an upper and lower bound on the
parameter. For example you could set an upper and lower bound for
the constant.popSize parameter. The initial value must lie between
the upper and lower bounds.

Normal This prior allows the parameter to select values from a specified
normal distribution, with a specified mean and standard deviation.

Lognormal This prior allows the parameter to select values from a specified
lognormal distribution, with a specified mean and standard devia-
tion (in log units). In addition it is possible to specify a translated
lognormal distribution, so that the whole distribution can have a

14



lower limit other than 0.0. For example, a fossil that calibrates
the node that cannot be younger than 100 Mya but can be older.
By changing the values of the LogNormal Mean, LogNormal Stdev
(which represent values in log space) and Zero offset you can cre-
ate a distribution that matches your prior in real space (non-log
space, the values at the bottom of the window). This prior can
also be used on clock.rate and constant.popSize parameters.
This is ideal if you have a small population that is highly genet-
ically structured with deep divergences within the population, as
this can artificially increase the N, significantly. In addition, N,
is always an underestimate of the true population size, so a lower
bound is difficult to determine. At present, this prior in BEAUti is