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PROJECT SUMMARY
Overview:
Addressing many intriguing biological questions depends on having appropriate comparative
methods created and available in software, but the pace of this development is slow. On the
other hand, the rise of scripting as an approach to doing biology has made a pool of scientists
with skills to create their own methods. This project combines new approaches for approximate
Bayesian computation (ABC) for comparative methods as a way to implement new models with meetings
to have new and experienced coders work together on projects (hackathons) as well as a new
open phylogenetics course. Together, this will speed up methods development, broaden the pool
(in number and diversity) of people who can create new approaches to answer their questions,
and strengthen phylogenetic training in general.

Intellectual Merit :

This proposal will bring cutting-edge computational approaches into comparative methods with
the goal of making development of new models and thus addressing of biological questions far
easier. Models can be created (and have been for example datasets) that allow for interactions
between species as well as explicit modeling of processes occurring per generation. Advanced
users can develop their own or tweak those published by others.

Broader Impacts :

A series of hackathons will be held to help peers who are transitioning from using tools to
developing tools acquire the necessary skills. Many participants in these hackathons will
be from underrepresented groups, as in past hackathons I have planned. There will also be
an open phylogenetics course taught every year with online videos, lectures, and exercises.
This will also support the career of someone already pursuing broader impacts through evolution
education (as advisor to Darwin Day Tennessee), organization of several scientific meetings,
and numerous women in science activities.
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CAREER: Reducing barriers for comparative methods
For decades, biologists have addressed evolutionary and ecological questions using
measurements of species traits, phylogenies, and an assortment of comparative methods.
Unfortunately, while there is a large assortment of these methods, they are still fairly limited and
development of new methods is slow. It took seven years between the introduction of using a
simple Brownian motion model for looking at trait evolution (Felsenstein 1985) and the use of
this same model for looking at rates of trait evolution (Garland 1992), and an additional 14 years
to more powerful tests using a small modification of the basic model (O'Meara et al. 2006;
Thomas et al. 2006). Once this tool was available, it quickly spurred empirical research (Collar et
al. 2005; Davis et al. 2007; Barkman et al. 2008; Edwards and Still 2008). A basic model of trait
correlation (Pagel 1994) has been available for 16 years, and although available in multiple
software packages, its use was limited to two binary traits until Beaulieu and Donoghue (2013),
who extended it to just three binary traits. Empiricists seeking to look at correlation must still
shoehorn their characters into two-state characters. Still other promising methods (Huelsenbeck
and Rannala 2003; Huelsenbeck et al. 2003) are described and even tested but remain unavailable
to empiricists because they are not put into software.
As a result, the questions empiricists can ask about
Java: Mesquite
the world are limited by the research productivity of
User
Developer
the few dozen scientists who develop and implement
new methods in phylogenetics.
There are signs of hope, however. First, the
rise of scripting languages like R and python means
that rather than developers working with source code
and users working in graphical interfaces or simple
command line programs receiving arguments, as was
common with C and Java, everyone works in the
same environment, creating scripts consisting of a
set of functions (Figure 1). This makes a more
R: ape
gradual entry into coding possible: rather than
having to learn something completely different from
User
Developer
what is used by empiricists, biologists can add
knowledge gradually. For example, rather than
copying and pasting the same command for each
tree, they can put it in a loop by adding two lines;
later they can put this loop into a function by adding
two more lines, and so on. I curate the official
description of all packages in R (equivalent to small
software programs) for comparative methods and
phylogenetics (O'Meara 2014), and I have seen the
Figure 1: Comparison of user interfaces. Note
the differences between the graphical interface
growth of numbers of developers who would once
of a typical Java program and the underlying
have been advanced users of approaches but now,
view for a developer with the very similar
due to the lower bar to entry, are becoming more
interfaces for a user and a developer of R (or
common. However, this is a key group where key
similar scripting languages)
investments in education can dramatically pay off, in
terms of enabling better science for all, better professional outcomes for these researchers, and a
more representative scientific workforce.
I thus propose to merge development of new methods with training of junior
scientists at the stage of beginning to develop tools for the scientific community, along with
additional efforts to make training in phylogenetic methods more available. This will build
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on my existing outreach efforts and training in this area and my ongoing work on
developing and implementing comparative methods.
With phylogenetic methods, I have developed some key approaches for looking at
different rates of evolution (O'Meara et al. 2006), different evolutionary optima, rates, and
strengths of pulls (Beaulieu et al. 2012), looking at heterogeneity in discrete trait evolution
(O'Meara 2007; Beaulieu et al. 2013), and estimating evolutionary pathways (Zanne et al. 2014).
Ongoing work in the lab includes development of diversification models (funded by support to a
NIMBioS postdoc, Jeremy Beaulieu), multivariate extension of trait plus diversification models
(O’Meara et al., in review in PNAS), an equivalent of ModelTest (Posada and Crandall 1998) for
phylogeography (funded by an NSF grant to me, with Bryan Carstens as Co-PI) based on my
earlier work (O'Meara 2010) on species delimitation, a model for comparative methods for hybrid
networks (Jhwueng and O’Meara, in revision), and a population genetics based model for amino
acid and codon usage evolution on phylogenies (funded by an NSF grant to me, with Mike
Gilchrist as Co-PI). In my career, my goal is to eliminate barriers to answering key evolutionary
questions by developing, testing, and applying novel techniques. I see the next step forward as
more flexible models allowing creation of richer approaches through the use of forward-in-time
simulations of a process. For example, to date no one has developed and implemented a
likelihood equation for a model of character displacement (a difficult task, as most work in this
domain assumes lineages are independent post-speciation, something this model could not
assume). Developing a simulation of such a process is relatively straightforward: at a given
moment of time, each species moves its trait value away from its nearest neighbor’s trait value,
with some variance (so one just has to pick a number from a normal distribution with mean
affected by current state and nearest neighbor state as the new trait value). Writing simulations of
this sort to gain insight into biological processes has a moderately long history in
biology/paleontology, but actually using simulations to estimate evolutionary parameters is not
generally done, with rare specialized exceptions (Weir and Schluter 2007; Rabosky 2009). With
the recent development of methods of approximate Bayesian computation (ABC), especially in
genetics (Beaumont et al. 2002; Marjoram et al. 2003; Sisson et al. 2007), this should be possible
to do for comparative methods. In collaboration with a postdoc (Barb Banbury), I have created
such an approach. It needs to be made more general, faster, and additional examples developed,
but it is already useful. A given model in this approach will be much slower to use than one with
a dedicated equation (hours versus seconds in the case of a simple Brownian motion model, for
example). Where equations exist and are implemented, biologists will use those tools. In the
many areas where biologists want a method to model a process that is not available in software,
however, the new approaches change the waiting time for such methods from decades (depending
on theoretician and developer interest) to minutes to hours of basic coding and a few days to
weeks of computer analysis. Moreover, once one biologist publishes using a novel model, others
may also use that same model. This will tie in with hackathons (described more fully below; they
are meetings where developers and others with expertise gather to create and extend software), as
they will include researchers developing models for this framework as well as researchers
developing their own methods.
Background
To understand approximate Bayesian computation, it can be helpful to use a toy example.
Imagine having a coin that has the probability of getting heads, denoted by p. Flip it twenty times
and get a string of 11111011101111100100, where 1 represents heads and 0 represents tails. The
x
1 x
probability of getting a particular result for a given flip i is p i (1 p) i . Thus, the probability of
20

p x (1 p )1

observing these twenty results is

i

xi

. Using this likelihood function, one could

i= 1

develop an estimate of p using likelihood or Bayesian approaches. However, what if this
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likelihood function were unknown or at least difficult to create? Even for this simple example,
many biologists would turn to an introduction to statistics to get this function and might have
trouble if one were not available.
A different way to estimate p would be simulating twenty tosses under a variety of
potential values for p and seeing which value of p most frequently gets results matching the
observed results. If three billion simulations are done for each of a set of values of p, getting
11111011101111100100 exactly would occur in approximately two of the simulations using p =
0.25, and in over 13,000 of the simulations using p = 0.75, suggesting that the likelihood of p =
0.75 is approximately 6,500 times higher than p = 0.25 (a log-likelihood difference of 8.8). This
can be programmed very simply: simulate coin flipping twenty times, repeat this subroutine many
times, and record how frequently the string of twenty simulated flips matches the observed string
of flips for various values of p. By doing many simulations over all possible values of p, an
approximation of the likelihood equation can be achieved.
This approach has a few deficiencies. First, it is remarkably inefficient. Using the
analytical likelihood function quickly gives the likelihood: plug in the observed string of flips and
p, and simple arithmetic returns even very small likelihoods. The simulation approach, however,
may take billions of simulations to estimate this same probability with any precision. Second, it
also fails completely when the observations are continuous rather than discrete, as the probability
of getting exactly the same value in the simulated and observed datasets is vanishingly small
(depending on numerical precision). Third, it may spend a lot of time getting estimates of
likelihoods for parameter values that are far from what are optimal.
Tavare et al. (1997) developed a somewhat more sophisticated approach that used a
summary statistic rather than the raw data (i.e., in the coin example, one could use the proportion
of heads rather than the actual sequence of heads and tails) and returned a posterior probability
rather than just a likelihood surface. Later work introduced ideas of acceptance of some simulated
results not identical to observed data (making analyses more efficient), simulating from a
specified prior, use of multiple summary statistics, and other ways to make searches more
efficient (Beaumont et al. 2002). Sisson et al. (2007) introduced an efficient algorithm that uses
multiple generations of simulations seeded from the results of earlier generations to estimate a
posterior distribution. This is the approach used in the preliminary work described below.
Preliminary work
We have created a basic R package, TreEvo, that implements the essentials of this
method and made it publicly available; the analyses and visualizations which follow were made
with this package. The basic simulation design is simple. An input tree is divided into many small
discrete time intervals. Evolution starts at the root. At each time interval, the species existing at
that time develop new states. They do this according to two functions: the “intrinsic function”,
which generates new states based only on each species’ own current states (and perhaps the time
interval) and the “extrinsic function”, which generates new states based on both their own states
and the states of other species existing at that time. This movement is split into two different
functions to make it easier to code the effect of different mechanisms, i.e., drift moving states in
the “intrinsic” function and character displacement moving states in the “extrinsic” function,
though using just one of the functions is an option. Empiricists can use existing intrinsic or
extrinsic functions or create their own. For example, an intrinsic function for Brownian motion
(which can be caused by tracking local adaptive peaks, genetic drift, or many other mechanisms
(Hansen and Martins 1996)), as coded in R, is:
brownianIntrinsic<-function(params, states, timefrompresent) {
newdisplacement<-rnorm(n=length(states),mean=0,sd=params)
return(newdisplacement)
}
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which just means generate new displacements for states from a normal distribution (“rnorm()”)
with standard deviations based on values fixed in the simulation (“sd=params”). If someone
wanted to use a different distribution, say a lognormal distribution, all she or he would do is copy
the function, rename it, and replace rnorm with rlnorm or some other distribution. Coding is
only slightly more complex for extrinsic functions (as the states of the other taxa also enter into
the calculation).
Once the model functions for the simulations are defined, or selected from those already
available in the package, the user must include prior distributions for the values of the parameters.
We have implemented uniform, normal, lognormal, exponential, and gamma priors, as well as the
ability assign fixed values. The user also loads the tree and trait data (in the same format used by
Geiger (Harmon et al. 2008) and several other phylogenetics packages).
The actual approximate Bayesian computation (ABC) approach developed here combines
an algorithm based on the ABC-PRC method of Sisson et al. (2007) with ideas about threshold
determination and transformations of statistics from Wegmann et al. (2009). Parameter values are
first pulled at random from the prior (one such combination is termed a “particle”) and trait data
is simulated given the tree and selected values. The Euclidian distance between transformed
summary statistics for the simulated and actual trait values (more on this below) is calculated, and
“particles” with distances below some threshold are saved. After enough particles have been
saved, a new generation of particles is generated by mutating the saved particles. Particles with
small enough distances from this generation
are used to seed another generation, and this
continues up to a fixed number of
generations. Parameter values of particles in
the last generation, weighted by particle
weights, can be used to estimate the
posterior probabilities of parameter values
and thus estimate the true values of the
parameters for the observed data.
Two main practical problems in
running ABC analyses is selecting
appropriate summary statistics and choosing
a distance threshold. A summary statistic is
simply a way of summarizing a set of data
(examples include the mean and the
variance). In a coin-flipping example, the
raw data is the sequence of results
(HHHTHTTHHH) while summary statistics
could be the proportion of heads (0.7) or the
longest string of tails (2). In classical
statistics, the idea of a “sufficient statistic” is Figure 2: Distance between summary value of simulated
often used, which is a summary statistic that particles and observed particle (y-axis). The true
has as much information about the value of a parameter used to create the observed particle is the red
various values (along x-axis) are tried and the
parameter as does the original data, but these line;
distance between the particles resulting and the observed
are often unknown in problems appropriate
particle using particular summary statistics (here, the raw
for ABC. Also, one wants to choose
mean of the tip states in the first column and the
Brownian motion rate parameter under a continuous time
summary statistics that are informative for
model in the second column) are plotted. For the root state
the variety of models users might try to use
(top row), the simple mean of the tip taxa is a much better
in this program. Thus, in the initial
estimate than the rate under a continuous time BM model,
implementation, a variety of summary
while for a discrete time BM rate (bottom row), the
continuous time BM rate summary statistic works better.
The software automatically decides which parameter or
parameters work best as summary statistics.
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statistics are used, such as the likelihood, AIC scores, and likelihood-based parameter estimates
of a number of univariate character models implemented in Geiger (Harmon et al. 2008), such as
Brownian motion, Pagel’s lambda, Ornstein-Uhlenbeck models, and others, as well as model-free
estimates like trait mean, variance, and extremes. The software automatically does initial
simulations, drawing from the priors and storing the raw summary statistics, then does Box-Cox
transformations of the statistics using the R package car (Bates et al. 2009). Following the
procedure of (Wegmann et al. 2009), it does partial least squares regression using the R package
mixOmics (Dejean et al. 2009) to identify
unimportant statistics (Figure 2). After excluding
these, partial least squares regression is performed
again to find the best loadings and coefficients for the
included statistics. These are used during the actual
analysis when calculating distance between the
observed and simulated statistics. The simulations
created in this step are also used to determine what
distance cutoff will result in accepting a chosen
proportion of particles, which is needed for the ABCPRC algorithm (Sisson et al. 2007).
After the program automatically performs
these pilot analyses, it begins on the actual analysis.
Figure 3: TreEvo ABC-PRC algorithm. The first
The number of generations to run can be set by the
generation (dotted line) is sampled from prior
user or can be chosen dynamically by the program
(grey shape). Particles are selected
based on finding when the estimates of the posterior distribution
based on their similarity to transformed
probabilities stabilize. Each generation results in a
summary statistics for the observed data and this
set of weighted particles (sets of parameter values)
is done for several generations (red shapes:
that can be used to estimate the posterior probability generations on the axis coming out of the page)
of parameter values. These can answer key
biological questions such as: “how strong is character displacement?”, “when does the strength of
stabilizing selection increase?”, or “what is the minimum value of this trait over evolutionary
time?”.
So far, models for Brownian motion, attraction to selective optima (including varying
strengths of selection and rates of evolution), bounded evolution, and character displacement have
been coded, and new models can be easily incorporated into the package (there is a web form on
the program homepage for this). Ease of use has been a key focus in program design. For users
who just want to use one of the existing models, and who have loaded their trees and data into R,
the entire ABC run can be done with a single function. Two- or three-dimensional plots of output
distributions are just another function call away. For example, this could be the entire session:
library(TreEvo)
my.tree<-read.nexus("tree.nex")
my.data<-read.table("data.txt",row.names=1)
output<-doRun(my.tree, my.data, intrinsicFn=brownianIntrinsic,
extrinsicFn=...[other arguments])
plotParamPosteriors(output$particleDataFrame, output$allPriorMatrix)

Preliminary method performance
The key question with new methods is whether they actually work. Preliminary analyses
suggest that this method often does, though it also points out areas of potential improvement. A
sample dataset was constructed for a 40-taxon tree. Characters were simulated under a model
where traits had a minimum allowed value (as for things like endotherm body size, where the
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allometry of area and volume suggest there are small (but nonzero) sizes that require too much
energy to be viable) and where species repelled each other (suggesting character displacement).
Two runs were performed, each taking less than 24 hours on a single processor. Posterior
probabilities for the rate of evolution and two character displacement variables included the true
values, though the rate of evolution was generally underestimated. Estimates for the minimum
value generally did not perform well, but this may be due to the particular parameter values for
this model. Character displacement was high enough that some species were forced against the
minimum values. The prior on the minimum value was based partly on data (the theoretical
minimum must be no larger than the empirical minimum), which in this case meant that the prior
was bounded at the true value and so the posterior could not include the true value. However, in
one of the simulations, the posterior was still rather distant from the true value.
Another key question is method speed. Simulating evolution thousands of times on a tree
can be costly. By breaking the tree up into discrete time slices, rather than simulating states at
internal and terminal nodes, makes models easier to construct but requires many more simulation
steps. R, as an interpreted language, is not necessarily fast, though it is possible to have it call
compiled C or C++ code, and many packages do this (including two existing packages (Bolker et
al. 2011; Stack et al. 2011) co-authored by the PI). Many aspects of the existing prototype code
can be optimized for speed but have yet to be done. For example, in an era when even cell phones
have multiple core processors, multi-threading is a valuable option for speeding execution. The R
package doMC (Revoluton_Analytics 2011) for example, can be used to automatically split
parallelizable tasks (like the many particle simulations per generation) into separate threads that
run on all the available cores. There are further areas to optimize speed in vectorizing operations
and even porting some code to C or C++. However, even in its current non-optimized state, the
code is fast enough to be practical for use on moderate-sized trees. On a single core, a tree of 50
taxa takes less than 15 hours to run, while a tree of 100 taxa takes less than 2.5 days (trivial, in
comparison to the typical time need to acquire data for a comparative analysis). However,
preliminary analyses show that run time increases exponentially with tree size, so very large trees
cannot yet be analyzed using this approach. This still does not yet impact the majority of current
analyses, but will be an issue in the future. Speeding up the method will thus be one of the main
focuses for this work.
Finally, preliminary work has shown areas where there still may be problems with the
current implementation. In cases where the data are uninformative about a parameter, the
posterior generally closely resembles the prior, which is appropriate. However, with at least one
empirical dataset (centrarchid fishes), for one parameter, I have noted that different TreEvo runs,
using the same dataset and same parameters, will return narrow posteriors but with no overlap
between runs. This suggests that in this case, parameter space is not being explored well, but
further investigation is needed. It has rarely occurred in other datasets, simulated or empirical, but
represents a concern.
Empirical example 1: Cuban Anolis
Anolis lizards are one of the most conspicuous examples of an adaptive radiation. This is
especially true in the Greater Antilles (Cuba, Hispaniola, Jamaica, and Puerto Rico) where anoles
are the most abundant vertebrates and often live in sympatry with many other ecologically and
morphologically distinct species (Losos 2009). The Greater Antillean anoles radiated in an
iterative process with speciation occurring independently on each island. I focused a case study
on anoles from the largest island, Cuba, to determine whether there was any signal of character
displacement. Specifically, the model I tried to fit had exponentially-decaying evolutionary
“push”: two species with identical traits would be pushed apart with a force that declined
exponentially as they grew further apart in parameter space. This force could be negative,
however, which then becomes a model of attraction of species towards each other in trait value
(due to mimicry or some other process). Free parameters in this model are maximum
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displacement force (for two identical species, their
displacement is some finite value), the rate at which
this decays with morphological distance
(parameterized as the morphological distance at which
the force is half the maximum force), root state, and
how stochastic trait evolution is (a Brownian motion
“wiggle”, which can reflect factors such as genetic
drift or following selective optima). Our data set
(kindly provided by Dr. Rich Glor, U. Kansas)
consisted of an Anolis phylogeny and data on snoutvent length, a standard body size measure for Anolis.
While other traits are implicated in Anolis character
displacement (Losos 1990), I chose to focus on this
readily-understandable trait for an example dataset.
Figure 4: Single simulation of snout-vent length
evolution on a Cuban Anolis tree using mean
The dataset was pruned from 80 original species to
posterior estimates for parameter values. Note
just 25 Cuban species: if there is character
the general, but not complete, lack of crossing
displacement, it will appear between species that may histories.
theoretically interact in nature. Figure 4 shows the
tree with a simulated character under this model (with simulation parameter values based on the
ABC results, below).
Analyses were run in two ways. One was using a simple ABC-rejection algorithm, under
which we simulated 40,000 replicates from a user-set prior distribution (for example, a normal
prior for root state using raw species mean and standard deviation) and then used the R package
abc (Csillery 2011) with a tolerance of 0.01 to estimate posterior probabilities. The second was
using the ABC-PRC algorithm implemented in TreEvo, starting with 3,000 simulations to
automatically infer which summary statistics were most useful and estimate parameters for a
partial least squares regression between the summary statistic values and the known simulation
parameters. Then, up to fifteen generations of 300 particles each were used to generate a posterior
sample of particles. The ABC-PRC approach was run four times so the variation across runs
could be evaluated (these runs took 41.3 ± 3.1 hours each, using just a single core per run). ABCrejection and ABC-PRC gave overall similar results (see Figure 5, next page). The most
interesting difference is in the estimation of the sign of the maximum force: the ABC-rejection
method gives a posterior probability of 0.80 of it being positive (suggesting some evidence
displacement) whereas the ABC-PRC method gives a posterior probability of 0.52 of it being
positive. The weak support for positive direction of displacement supports the idea of Losos
(1990) that body size alone is not a major axis of competitive variation.
Empirical example 2: Aquilegia
Columbines (Aquilegia spp.) are a notable example of coevolution between pollinators
and flowers, shown by nectar spur length correlating with pollinator tongue length, as well as
similar correlations for color, position, and other traits (Kramer and Hodges 2010). Whittall and
Hodges (2007) published a notable study where they investigated the idea that pollinator shifts
drove spur length: flowers that switched to hummingbirds had longer spurs than those that used
bees, and those that used hawkmoths had longer spurs than either. They used an OrnsteinUhlebeck model (Butler and King 2004) to find that the best model was one of three distinct
peaks, with different pollinator regimes getting their own peak, as well as using a contrasts-based
analysis (Felsenstein 1985) to show a correlation between shifts in pollinators and increases in
spur length. Though useful approaches, these are just proxies for the unidirectional shift model
they were trying to investigate. With our approach, it is possible to directly model the process,
which strengthens their conclusion. Unlike the Anolis example, all that matters in this process is
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Figure 5: Comparison of the ABC-rejection results (top row) and ABC-PRC results (bottom row) for Anolis.
Note that the ABC-PRC results show posteriors from four runs overlapping (most noticeable in the last plot)

change within species, not interactions between species. The process is modeled with just a few
lines of code:
pollinatorShiftIntrinsic <-function(params, states, timefrompresent){
if (runif(1, 0, 1) < params[4]) {
background.process<-FALSE
}
if (background.process) {
newdisplacement <- rnorm(n=length(states), mean=0, sd=params[1])
return(newdisplacement)
} else {
newdisplacement <- rnorm(n=length(states), mean=params[3],
sd=params[2])
return(newdisplacement)
}
}

which models the whole process using just four parameters: the amount of change of spur length
along branches under normal conditions, the amount of change when there is a pollinator shift,
mean direction of the size change with a shift, and the frequency with which a pollinator shift
happens. All the parameters come in understandable units: log(mm) for lengths, frequency per
generation for rates, and so forth. Using this model, we found that there was little information in
the data about frequency of the pollinator shift (posterior distribution tended to match a uniform
distribution with a uniform prior, and an exponential distribution with an exponential prior), but
that there was information about the direction of the shift, with a posterior probability of 77% for
a positive change parameter. While there are new approaches that allow fitting of regimes
(Ingram and Mahler 2013), from which one could reconstruct the history of changes (say, six
increases and one decrease) it is much more informative to directly model the envisioned process
happening in each generation and estimate the parameters of that process, something that is
possible with this approach. This also shows how relatively straightforward this approach would
be to extend: if someone thinks that a trait evolves with a mixture of a normal distribution process
sometimes and an exponential distribution other times, she or he would just need to change the
second “rnorm” line to “rexp” and a single exponential parameter rather than two (mean and sd)

8

normal distribution parameters to create such a model. This is essentially no harder than choosing
a different prior in Beast (Drummond et al. 2012) or MrBayes (Ronquist et al. 2012) for tree
inference, something thousands of biologists do, but allows them to create new approaches. Of
course, more complex models will require more work and skill to create, but the key is to provide
a gentle ramp to allow biologists to acquire this expertise, in the same way people start running
software using defaults only and only later start adjusting to better suit their needs.
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Education plan: Traditionally in biology we consider education as applying to students: usually
undergraduate or graduate students, but sometimes in an outreach component to pre-college
students. However, despite the laudable requirement of postdoc mentoring plans in NSF
proposals, we still do not focus on people at the postdoc level or early career level, even though
this is where we lose much of the diversity in science (Pell 1996; Sheltzer and Smith 2014). This
grant will include two educational components: one is a series of hackathons: gatherings where
programmers and others with relevant expertise gather to solve particular problems. This is a
form of active learning where peers learn from each other, but the expected participants are
advanced graduate students, postdocs, and some faculty. The second is a graduate-level course in
phylogenetic methods that will also be run as an online open course; this will primarily benefit
graduate students at my current institution as well as others who will have access to course
materials and me as an instructor.
Traditionally in evolutionary biology there has been a distinction between empiricists
who make observations in nature and use available tools to draw inferences and more
theoretically focused researchers who develop new methods and apply them in software. Partly
this comes from the choice of software languages: coding something in C or C++ requires
substantial investment in learning the language before being able to do much useful with it, and
users of the software experience a very different interface (a graphical interface, or even just a
command line black box) than those who actually write the functions. The rise of scripting
languages like R or Python has changed this dynamic. An empiricist experiences much the same
environment as an advanced developer: a series of commands entered to generate a desired
output. An empiricist often starts from an existing set of
commands as a recipe, but it is then easy to tweak, and then
tweak some more. This allows a gradual learning curve leading
to developing methods, and many useful approaches now come
from biologists who mix empirical work and development
work. However, this can leave such biologists isolated: they
talk to their peers working on similar empirical questions, but
do not easily connect to other people developing approaches
and thus are not exposed to some best practices for software
engineering (version control, unit testing, and so forth). A
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2014

Year

great way to fix these issues is to hold hackathons, where
Figure 6: Growth of courses or
groups of software developers and others with relevant
workshops advertised on EvolDir
per month
expertise gather together to work intensely over a few days to
solve particular problems. Research collaborations can result,
but also a reduction of social barriers: new scientists feel like part of a community. I am a
frequent participant in and organizer of hackathons, starting as a first year postdoc at NESCent,
where I helped create a comparative methods in R hackathon (O'Meara et al. 2008) to ongoing
work as a participant and later as a member of the leadership team for the phylotastic hackathons
(Stoltzfus et al. 2013) I am now part of the leadership team arranging a September 2014
hackathon for tools to relate to the NSF AVATOL projects Open Tree of Life and Arbor in
collaboration with the PIs of those projects. Hackathons are a prime example of active learning
and peer instruction, but the pool targeted tends to be the relatively underserved set of postdocs,
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relatively senior graduate students, and to a lesser degree early career faculty. This is a pool for
which there are many and a growing number of workshops, including ones I have taught in
(Arnold & Felsenstein’s Evolutionary Genetics workshop at NESCent, Bodega Bay Workshop in
Applied Phylogenetics Methods, the phrapl workshop organized by Bryan Carstens and me, etc.)
) but these miss those who have started going from being
as well as many others (see
users to being creators.
One key element to having a successful hackathon with an educational outcome is
ensuring a diverse pool of participants, both in terms of career stage or experience as well as
gender balance and other NSF diversity criteria. We have had moderate balance in hackathons we
have planned (with still some room for improvement) by addressing this at two stages. The first
is, in addition to having an open call for participants, to directly solicit applications from
scientists who have useful skills to offer but who may be hesitant to push themselves forward for
various reasons, including the frequent and accurate reports of discrimination or hostile
environments at many events focused on programming. The second step is to monitor diversity
criteria while deciding on the final list of invitees for a hackathon and adjust as necessary, though
recent hackathons have already had moderate diversity in the pool of applicants (for example, for
the Sept. 2014 hackathon, 30% of applicants specifying a gender were female (15/50), which rose
to 33% of applicants invited to attend the hackathon (13/39)). For hackathons under this grant, a
key objective will be to use them for teaching, so I will include a mixture of experienced
developers who can exemplify best practices and serve as informal mentors and more junior (in
terms of experience) developers who bring in new ideas but who can benefit from interactions
with others to learn best practices, pitfalls, and so forth. Participants will be surveyed before and
after the hackathons, with an emphasis on what they learned that should be passed on to others,
what did not work, any issues that made parts of the community feel unwelcome, and general
suggestions for future hackathons.
The hackathon topics will be chosen to address pressing needs in evolutionary biology.
This shifts through time as technology develops; a hackathon to connect approaches to dealing
with nextgen data would be useful now, for example, but would not have been as useful ten years
ago. The first hackathon will be on comparative methods at large scales and will invite
participants who will extend the models involved in TreEvo as well as other biologists working in
comparative methods. Through NSF initiatives like the AToL and OpenTree programs, biologists
have been developing phylogenies at larger scales, up to tens of thousands of taxa. Many
questions may be better addressed at smaller scales (evolution of tool use in primates, for
example, probably does not require a phylogeny of metazoa), but for some questions such a tree
is imperative. Thus, this first hackathon will be intended to scale methods to large trees. Future
hackathon topics will be decided based on community involvement plus decisions by me as to
scope. We have adopted this model in planning past hackathons as well as topics for the iEvoBio
meetings, where we have an overall goal but let the community drive details: perhaps there needs
to be a push for more methods in python, or methods to deal with reticulate phylogenies, or other
areas where improvements are necessary and there is a good pool of developers with sufficient
career and other diversity to make it appropriate as part of the grant.
I currently co-teach a one-semester evolutionary biology core course for all incoming
graduate students in our ecology and evolutionary biology program; my areas of instruction are
building and using phylogenetic trees to answer questions. As part of this grant, I will stop
teaching in this and instead develop a full semester graduate course on addressing questions using
phylogenies. This is something in demand by students here across departments. I will also
informally offer this online: that is, release all slides, videos, and exercises online as a dedicated
open site, as well as maintain an online forum for the course, but not formally offer credit for
completion. I now use pre-course and post-course assessment of content understanding for all my
courses, using standard assessment tools (such as Baum et al. (2005)) as well as questions to
address other content, in addition to traditionally required student feedback forms. For online
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participants, this would also be assessed in addition to self-volunteered information relevant to
NSF diversity criteria (such as gender, membership in an underrepresented group, career stage,
and geographic location). Progress assessments would be automated using an R Shiny app,
allowing students to upload material and have immediate feedback on issues. I have earned
sufficient prominence in the field to be invited to offer reviews on comparative methods and
phylogenetics (O'Meara 2012a; O'Meara 2012b; O'Meara 2014), which suggests that an open
course on phylogenetics I give would receive attention from potential students. The course would
be refined and improved each year.
Broader impacts
This project exemplifies “Advanc[ing] discovery and understanding while promoting
teaching, training, and learning,” one of the broader impacts criteria. New methods will continue
to be developed to help other biologists make new discoveries and to make tools. More
importantly under this criterion, advanced graduate students, postdocs, and junior faculty will be
mentored through the use of hackathons to develop their computational skills in areas like unit
testing of code, tools for collaborative working, software engineering as well as social skills for
all participants in welcoming and mentoring new members of the community. Underrepresented
groups in biological software will be especially encouraged to participate (through directed
solicitations and through taking distribution into account when selecting participants). My open
course on phylogenetics will help in furthering expertise in this area, especially for people at
smaller schools without an expert to teach such a course.
More generally, the CAREER program is intended to help “build a firm foundation for a
lifetime of contributions to research and education.” As a pre-tenure faculty member, I have had a
focus on my own research, of course, but I have allocated substantial time to service in the
scientific community. In addition to organizing and participating in several hackathons in
phylogenetics, which have resulted in tools but also encouragement of new developers, I have
been on the organizing committee for the Evolution meetings this year (2014), proposed and
organized the lightning talks at those meetings this and last year, am co-organizing a satellite
Society of Systematic Biologists (SSB) meeting next year, served on the council for SSB, and am
co-organizing a regional ecology and evolution conference this fall. I was on the five person
leadership team for the iEvoBio meetings this year and will be primary on that team next year;
this satellite conference has been successful in getting a diverse set of participants as attendees
and speakers as well as promoting open source software and reproducibility within science. I
have also mentored several students through Google Summer of Code. I have been active in
various activities to promote women in science, ranging from organizing a group from three
departments at my university to sponsor a women in science seminar series in my first year as a
faculty member to fighting a biased ad by Elsevier on social media (which resulted in coverage of
the issue on popular media blogs like BoingBoing and HuffPo UK and an apology and retraction
from Elsevier) to being the contact person for SSB for an ADVANCE grant three evolution
societies (Society for the Study of Evolution, the American Society of Naturalists, and SSB) are
writing to address the loss of female researchers as their careers develop. In my lab so far I have
mentored nine postdocs (one third women) and my current graduate students are both female. I
have worked to help vulnerable grad students keep working on their proposals during the most
recent NSF shutdown (earning two mentions from Science Careers for my help in this area). I am
the faculty mentor for Darwin Day Tennessee, one of the country’s oldest Darwin Days and in a
state rich with opportunities for evolution education. I have volunteered to teach at numerous
phylogenetics workshops, starting as a graduate student and continuing to three workshops at
NIMBioS in the past five years (including one next month) as well as others in Sweden,
Switzerland, and elsewhere. I will continue activities in this vein regardless of the proposal
outcome because I think they represent an important aspect of what we must do as scientists.
However, while funding from the CAREER program will help me do more in the specific
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proposal objectives highlighted above, it will also serve to enhance my career, and thus foster the
wider variety of broader impacts activities I already undertake.
Results from previous NSF funding: I have been funded for work on DEB1144974, “Historical
naming traditions and cryptic speciation bias biodiversity estimates in transatlantic agaric fungi”
as a Co-PI, PI on DEB1257669, “Collaborative Research: Phylogeographic Inference Using
Approximated Likelihoods”, and recently recommended for funding (but no funds awarded yet)
PI of DEB1355033 “Population genetics-based codon models”. The fungal work is mostly
empirical sequencing of fungi around the world; my contribution to it is to apply modern
sequence-based delimitation approaches to it to complement traditional approaches. The
empirical data arrived this month; I have done preliminary analyses using Brownie (O'Meara
2010) but will be performing analyses using other software shortly, and a publication will be
submitted next month. For the phylogeographic work, we have given a talk on it at Evolution, ran
a workshop earlier this year to teach students how to use it (which was recorded and is now
available on YouTube), hired a postdoc and a grad student to work on code and user manuals,
respectively, and are planning to submit our first publication at the end of the month to PNAS. For
the codon models grant, we have identified a postdoc who will be starting shortly on the project,
and I have been committing code to an open github repository to implement a full codon model
with selection in addition to the amino acid model used as preliminary data in that grant. I am
also refactoring the code to be more robust (i.e., to not depend on internal functions of other
packages) and to incorporate unit testing to allow for better validation in the future.

Postdoc role: The mentoring activities are discussed in a separate document, but it is more
appropriate here to describe the role of the postdoc in the overall project. First, given that this is a
five year grant, I expect more than one postdoc to be hired. Of the nine postdocs I have mentored
as an assistant professor, six have completed their postdoc position and three are still in their
position. Of that six, four have gone directly to a tenure track job, usually within two years of
starting their postdoc. Such turnover is to be expected and encouraged if I am doing a good job as
a mentor, though it could introduce continuity issues unless this is taken into account. As shown
on the research plan (next page), the research and programming part of this grant is set up as
discrete modules. I could have one postdoc work on adding discrete traits and then have her
replacement work on dealing with multivariate characters. Modern software engineering
principles of modularity, automated tests implemented at the same time as initial coding, well
commented code, and all open source programming with version control make it easier to bring
new people into the project. Rather than inheriting a tangle of code with hard coded paths or
similar encumbrances, new members would encounter code that they could check out on their
computers and quickly run a series of tests to make sure it is all working well. I have established a
culture of frank discussions about authorship early in a project as well as at important milestones
(onset of writing, completion of simulations, and so forth) within the lab so new and existing
postdocs will have their roles clearly delineated. The postdoc(s) involved in this project will
participate in the hackathons while they are here (and could apply as participants once they have
moved on) but are not expected to participate in the planning of the hackathon itself. Similarly,
for the open phylogenetics course, I will do most to all of the teaching, with an opportunity for a
postdoc to opt in to teach one or two individual class sessions if this would help her or his overall
career development.
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Timeline for proposal
Year
1 2 3 4

•

•

•

•

•

Application of TreEvo to empirical
datasets

Two peer-reviewed publications,
postdoc as lead author
Pre and post-event surveys of key
concept knowledge; volunteered
demographic data; long term
career tracking (proportion still in
science, proportion still writing
code, etc.); participant feedback.
As with some of the other
hackathons I have participated in
or organized (O'Meara et al. 2008;
Stoltzfus et al. 2013), a publication
describing them, especially
information useful for later
hackathons, would be appropriate.
Pre and post-course tests of
phylogenetic knowledge using
standard assessment tools (Baum
et al. 2005) as well as additional
questions; volunteered
demographic data of participants;
participant feedback; tracking
information of accessions of
material. Eventual paper on
lessons learned from this approach
to education.

•

Hackathons. First year is comparative
methods, especially for large trees; future
years based on community suggestions

•

Open course in phylogenetic methods.
Recorded lectures, available activities
and slides, online forum

•

•

•

Assessment/Goals

5

•

•

Activity

•

Discrete trait models: extension of
existing software to properly deal with
discrete rather than continuous traits
(requires different summary statistics and
generating models)
Multivariate models: looping over traits
with the same model is easy, but true
multivariate models requires more work
Microevolutionary models: already the
TreEvo models allow modeling of
processes per generation, but like most of
comparative methods, they are
phenomenological: we speak about
“modeling stabilizing selection” but we
are actually modeling how species mean
shift. By creating an explicit population
genetics model, one could investigate
processes at lower scales

New deployment of package and
associated paper
New deployment of package and
associated paper

New deployment of package and
associated paper
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$
0
2. TRAVEL
0
3. SUBSISTENCE
0
4. OTHER
TOTAL NUMBER OF PARTICIPANTS
(
0)
G. OTHER DIRECT COSTS
1. MATERIALS AND SUPPLIES
2. PUBLICATION COSTS/DOCUMENTATION/DISSEMINATION
3. CONSULTANT SERVICES
4. COMPUTER SERVICES
5. SUBAWARDS
6. OTHER
TOTAL OTHER DIRECT COSTS
H. TOTAL DIRECT COSTS (A THROUGH G)
I. INDIRECT COSTS (F&A)(SPECIFY RATE AND BASE)

Brian O’Meara
ORG. REP. NAME*

0

Funds
Requested By
proposer

Funds
granted by NSF
(if different)

1.00

9,844

0.00
1.00

0
9,844

0.00
0.00

55,436
0
0
0
0
0
65,280
29,954
95,234

0
1,500
0

0

TOTAL PARTICIPANT COSTS

0
1,000
0
0
0
0
1,000
97,734

Salary, travel, benefits, publication (Rate: 49.0000, Base: 97734)
TOTAL INDIRECT COSTS (F&A)
J. TOTAL DIRECT AND INDIRECT COSTS (H + I)
K. RESIDUAL FUNDS
L. AMOUNT OF THIS REQUEST (J) OR (J MINUS K)
M. COST SHARING PROPOSED LEVEL $
PI/PD NAME

SUMR

47,890
145,624
0
145,624

AGREED LEVEL IF DIFFERENT $
FOR NSF USE ONLY
INDIRECT COST RATE VERIFICATION
Date Checked

Date Of Rate Sheet

fm1030rs-07

Initials - ORG

4 *ELECTRONIC SIGNATURES REQUIRED FOR REVISED BUDGET

SUMMARY
PROPOSAL BUDGET

YEAR

5

FOR NSF USE ONLY
PROPOSAL NO.
DURATION (months)
Proposed Granted
AWARD NO.

ORGANIZATION

University of Tennessee Knoxville
PRINCIPAL INVESTIGATOR / PROJECT DIRECTOR

Brian O’Meara
A. SENIOR PERSONNEL: PI/PD, Co-PI’s, Faculty and Other Senior Associates
(List each separately with title, A.7. show number in brackets)

NSF Funded
Person-months

CAL

ACAD

1. Brian C O’Meara - Assistant Professor
0.00 0.00
2.
3.
4.
5.
6. ( 0 ) OTHERS (LIST INDIVIDUALLY ON BUDGET JUSTIFICATION PAGE)
0.00 0.00
7. ( 1 ) TOTAL SENIOR PERSONNEL (1 - 6)
0.00 0.00
B. OTHER PERSONNEL (SHOW NUMBERS IN BRACKETS)
1. ( 1 ) POST DOCTORAL SCHOLARS
12.00 0.00
2. ( 0 ) OTHER PROFESSIONALS (TECHNICIAN, PROGRAMMER, ETC.)
0.00 0.00
3. ( 0 ) GRADUATE STUDENTS
4. ( 0 ) UNDERGRADUATE STUDENTS
5. ( 0 ) SECRETARIAL - CLERICAL (IF CHARGED DIRECTLY)
6. ( 0 ) OTHER
TOTAL SALARIES AND WAGES (A + B)
C. FRINGE BENEFITS (IF CHARGED AS DIRECT COSTS)
TOTAL SALARIES, WAGES AND FRINGE BENEFITS (A + B + C)
D. EQUIPMENT (LIST ITEM AND DOLLAR AMOUNT FOR EACH ITEM EXCEEDING $5,000.)

TOTAL EQUIPMENT
E. TRAVEL
1. DOMESTIC (INCL. CANADA, MEXICO AND U.S. POSSESSIONS)
2. FOREIGN

F. PARTICIPANT SUPPORT COSTS
0
1. STIPENDS
$
6,000
2. TRAVEL
1,680
3. SUBSISTENCE
3,440
4. OTHER
TOTAL NUMBER OF PARTICIPANTS
( 10 )
G. OTHER DIRECT COSTS
1. MATERIALS AND SUPPLIES
2. PUBLICATION COSTS/DOCUMENTATION/DISSEMINATION
3. CONSULTANT SERVICES
4. COMPUTER SERVICES
5. SUBAWARDS
6. OTHER
TOTAL OTHER DIRECT COSTS
H. TOTAL DIRECT COSTS (A THROUGH G)
I. INDIRECT COSTS (F&A)(SPECIFY RATE AND BASE)

TOTAL PARTICIPANT COSTS

Brian O’Meara
ORG. REP. NAME*

0

Funds
Requested By
proposer

1.00

10,188

0.00
1.00

0
10,188

0.00
0.00

57,376
0
0
0
0
0
67,564
31,003
98,567

Funds
granted by NSF
(if different)

0
1,500
0

11,120
0
1,000
0
0
0
0
1,000
112,187

Salary, travel, benefits, publication (Rate: 49.0000, Base: 101067)
TOTAL INDIRECT COSTS (F&A)
J. TOTAL DIRECT AND INDIRECT COSTS (H + I)
K. RESIDUAL FUNDS
L. AMOUNT OF THIS REQUEST (J) OR (J MINUS K)
M. COST SHARING PROPOSED LEVEL $
PI/PD NAME

SUMR

49,523
161,710
0
161,710

AGREED LEVEL IF DIFFERENT $
FOR NSF USE ONLY
INDIRECT COST RATE VERIFICATION
Date Checked

Date Of Rate Sheet

fm1030rs-07

Initials - ORG

5 *ELECTRONIC SIGNATURES REQUIRED FOR REVISED BUDGET

SUMMARY
PROPOSAL BUDGET

Cumulative
FOR NSF USE ONLY
PROPOSAL NO.
DURATION (months)
Proposed Granted
AWARD NO.

ORGANIZATION

University of Tennessee Knoxville
PRINCIPAL INVESTIGATOR / PROJECT DIRECTOR

Brian O’Meara
A. SENIOR PERSONNEL: PI/PD, Co-PI’s, Faculty and Other Senior Associates
(List each separately with title, A.7. show number in brackets)

NSF Funded
Person-months

CAL

ACAD

1. Brian C O’Meara - Assistant Professor
0.00 0.00
2.
3.
4.
5.
6. (
) OTHERS (LIST INDIVIDUALLY ON BUDGET JUSTIFICATION PAGE)
0.00 0.00
7. ( 1 ) TOTAL SENIOR PERSONNEL (1 - 6)
0.00 0.00
B. OTHER PERSONNEL (SHOW NUMBERS IN BRACKETS)
1. ( 5 ) POST DOCTORAL SCHOLARS
60.00 0.00
2. ( 0 ) OTHER PROFESSIONALS (TECHNICIAN, PROGRAMMER, ETC.)
0.00 0.00
3. ( 0 ) GRADUATE STUDENTS
4. ( 0 ) UNDERGRADUATE STUDENTS
5. ( 0 ) SECRETARIAL - CLERICAL (IF CHARGED DIRECTLY)
6. ( 0 ) OTHER
TOTAL SALARIES AND WAGES (A + B)
C. FRINGE BENEFITS (IF CHARGED AS DIRECT COSTS)
TOTAL SALARIES, WAGES AND FRINGE BENEFITS (A + B + C)
D. EQUIPMENT (LIST ITEM AND DOLLAR AMOUNT FOR EACH ITEM EXCEEDING $5,000.)

TOTAL EQUIPMENT
E. TRAVEL
1. DOMESTIC (INCL. CANADA, MEXICO AND U.S. POSSESSIONS)
2. FOREIGN

F. PARTICIPANT SUPPORT COSTS
0
1. STIPENDS
$
18,000
2. TRAVEL
5,040
3. SUBSISTENCE
10,320
4. OTHER
TOTAL NUMBER OF PARTICIPANTS
( 30 )
G. OTHER DIRECT COSTS
1. MATERIALS AND SUPPLIES
2. PUBLICATION COSTS/DOCUMENTATION/DISSEMINATION
3. CONSULTANT SERVICES
4. COMPUTER SERVICES
5. SUBAWARDS
6. OTHER
TOTAL OTHER DIRECT COSTS
H. TOTAL DIRECT COSTS (A THROUGH G)
I. INDIRECT COSTS (F&A)(SPECIFY RATE AND BASE)
TOTAL INDIRECT COSTS (F&A)
J. TOTAL DIRECT AND INDIRECT COSTS (H + I)
K. RESIDUAL FUNDS
L. AMOUNT OF THIS REQUEST (J) OR (J MINUS K)
M. COST SHARING PROPOSED LEVEL $
PI/PD NAME

Brian O’Meara
ORG. REP. NAME*

0

TOTAL PARTICIPANT COSTS

SUMR

Funds
Requested By
proposer

5.00

47,611

0.00
5.00

0
47,611

0.00
0.00

268,123
0
0
0
0
0
315,734
144,878
460,612

Funds
granted by NSF
(if different)

0
7,500
0

33,360
0
5,000
0
0
0
0
5,000
506,472
231,826
738,298
0
738,298

AGREED LEVEL IF DIFFERENT $
FOR NSF USE ONLY
INDIRECT COST RATE VERIFICATION
Date Checked

Date Of Rate Sheet

fm1030rs-07

Initials - ORG

C *ELECTRONIC SIGNATURES REQUIRED FOR REVISED BUDGET

Budget Justification
A. Senior Personnel
The senior personnel for this project consists of Dr. Brian O’Meara. Dr. O’Meara is requesting
one month of summer support per year at $8,879 in the first year (based on a nine month salary
of $79,907), increasing by 3.5% per year for a total of $47,611.
B. Other Personnel
The other personnel includes one postdoc researcher position at $50,000 per year, increasing by
3.5% per year. Note that the individual occupying that position is expected to change at least
once over the project, as the first postdoc is likely to be hired in a permanent position before the
end of the grant. The total request for the postdoc position is $268,123.
C. Fringe Benefits
Fringe benefits for summer salary are 19%. Fringe Benefits requested for the postdoc are
50.66%; this is the rate for postdocs supporting a spouse and multiple children, which is the rate
that one-third of my postdocs have required.
D. Equipment
None
E. Travel
Domestic travel: $1500 per year for $7500 in total. The travel funds will be used by both
personnel to attend conferences to present papers and the results of the proposed research.
F. Participant Support Costs
There are three hackathons included in the project. These are gatherings of developers to work
together on improving and creating new software. I anticipate 10 non-local developers staying
for three days for each hackathon. Hotels cost $86/night, so this would be 4 x 10 x $86 = $3440
for hotel, 10 x $600 x 10 = $6000 for travel costs, and 3 x 10 x $56 = $1680 for food costs for
three days (hotel and food costs based on US GSA per diem rates), for total participant cost of
$11,120 per hackathon, for $33,360 in total.
G. Other Direct Costs
Publication costs of $1000 per year.
H. Total Direct Costs - $506,472.
I: Indirect Costs (F&A)

The University of Tennessee's federally approved indirect cost rate requested at 49% MTDC
(total direct costs, minus equipment, subcontracts in excess of $25,000 and tuition). The indirect
cost base is $473,112 and the requested amount for F&A is $231,825
J: Total Direct and Indirect Costs
The total direct and indirect costs requested for the project period is $738,297.

Current and Pending Support
(See GPG Section II.C.2.h for guidance on information to include on this form.)
The following information should be provided for each investigator and other senior personnel. Failure to provide this information may delay consideration of this proposal.

Other agencies (including NSF) to which this proposal has been/will be submitted.

Investigator: Brian O’Meara
Support:

Current

Pending

Submission Planned in Near Future

*Transfer of Support

Project/Proposal Title: Population genetics-based codon models

NSF
Source of Support:
Total Award Amount: $
520,000 Total Award Period Covered: 09/15/14 - 09/15/17
Location of Project:
Knoxville, TN
Person-Months Per Year Committed to the Project. Cal:0.00
Acad: 0.00 Sumr: 1.00
Support:

Current

Pending

Submission Planned in Near Future

*Transfer of Support

Project/Proposal Title: Collaborative Research: Phylogeographic Inference Using

Approximated Likelihoods
NSF
Source of Support:
Total Award Amount: $
340,000 Total Award Period Covered: 03/01/13 - 03/01/16
Location of Project:
Knoxville, TN
Person-Months Per Year Committed to the Project. Cal:0.00
Acad: 0.00 Sumr: 1.00
Support:

Current

Pending

Submission Planned in Near Future

*Transfer of Support

Project/Proposal Title: Historical naming traditions and cryptic speciation bias

biodiversity estimates in transatlantic agaric fungi
NSF
Source of Support:
Total Award Amount: $
393,074 Total Award Period Covered: 01/01/12 - 01/01/15
Location of Project:
Knoxville, TN
Person-Months Per Year Committed to the Project. Cal:0.00
Acad: 0.00 Sumr: 1.00
Support:

Current

Pending

Submission Planned in Near Future

*Transfer of Support

Project/Proposal Title: CAREER: Reducing Barriers for Comparative Methods (this

proposal)
NSF
Source of Support:
Total Award Amount: $
738,298 Total Award Period Covered: 08/01/15 - 07/31/20
Location of Project:
University of Tennessee
Person-Months Per Year Committed to the Project. Cal:0.00
Acad: 0.00 Sumr: 1.00
Support:

Current

Pending

Submission Planned in Near Future

*Transfer of Support

Project/Proposal Title:

Source of Support:
Total Award Amount: $
Total Award Period Covered:
Location of Project:
Person-Months Per Year Committed to the Project. Cal:
Acad:

Summ:

*If this project has previously been funded by another agency, please list and furnish information for immediately preceding funding period.
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USE ADDITIONAL SHEETS AS NECESSARY

Facilities
University of Tennessee, Knoxville: The O'Meara lab maintains a Condor cluster of 18
Mac Pros. Fourteen have 12 processing cores (24 virtual cores), 64 GB of RAM, and one
terabyte of storage each; the remainder are typically 6 core machines, also with large
amounts of RAM and storage. They are configured to allow multiple single core jobs to
run but also to allow multicore jobs to take over entire machines. The head node is
continually backed up to cloud storage. Current bioinformatics software is installed and,
as we have complete control, other software can be installed as needed. We have two OS
X servers used to host websites and databases. We have the office space needed to house
the postdoc. There are also numerous rooms on campus capable of supporting a
hackathon.

DATA M ANAGEMENT PLAN. I have long been an advocate, and beneficiary, of open data
and open software, and so robust procedures to ensure availability of reuse of the data
will be established. First, software will be developed in the open on github, which allows
for version control and the opportunity for others to freely download and modify the
software (it will be placed under a the GNU General Public License). Major versions will
be uploaded to CRAN, which is mirrored across 96 different sites on six continents.
Simulations and analyses will be tracked using git on within lab repositories, as public
software repositories are not typically amenable to storing large numbers of binary files.
With publications, all relevant data will be deposited in the repositories currently
representing the best practices for this: at the moment, this is Dryad for all data and
TreeBase for any phylogenies, but this is an active area of growth and so new repositories
may become the standard (such as OpenTree’s treestore instead of TreeBase, for
example). Repositories used will be external (rather than just a lab-hosted repository) and
deposited data will be released under a CC0 license to foster reuse.
Data must also be maintained and backed up during the project as well. All software and
analyses will be wrapped into the existing lab backup protocols, which include doing all
the following for all the relevant data and code: storing versions in the cloud using
CrashPlan, storing Apple TimeMachine versions, and rotating short term storage of disk
images off site on lab-owned media.

Postdoctoral Mentoring Plan
The main objective in crafting a postdoc mentoring plan is to help the postdoc achieve
her or his professional and scientific goals. This must begin with a frank self-assessment by the
postdoc: what goals do they want to achieve, what skills do they bring to the table, what skills do
they still need. For example, one past O’Meara lab postdoc desired more experience teaching to
supplement her existing TA experience, as her career goals are tending towards a teaching college.
She thus co-organized a seminar on adaptive radiation in Anolis, during which she received
mentoring in course development, course management, and organizing discussions from a senior
faculty member.
Besides the high-level view of long-term goals, it is important to think about deliverables.
A concrete timeline will be developed jointly with the postdoctoral researcher to give more detail
than the proposal timeline; this will include large tasks, milestones in manuscript preparation as
well as other important events. This timeline defines the scope and goals of the project and
clearly communicates expectations of the work the postdoc and the advisor will perform. Further,
it opens discussions about authorship.
The postdoctoral researcher will receive two types of training. First, she or he will be
trained in the necessary computational and statistical tools to complete the proposed work.
Second, she or he will receive vocational training (i.e., how to write a teaching statement, how to
prepare for an interview, and so forth). My lab, which has historically had between two and four
postdocs, as new postdocs arrive and others leave (so far, ending up in tenure-track positions), has
as-needed meetings with all the postdocs to go over vocational issues, such as peer-editing of job
applications. Over the past five years I have mentored nine postdocs, including three currently. Of
the six who have left, four went directly to tenure-track jobs; the remaining ones went on to a
second postdoc position.
One important aspect of postdoc mentoring is making sure that barriers that tend to
reduce the diversity of researchers as they move upward are reduced. We have made concrete
steps to achieve this. For example, I wrote and received an in-house grant to co-organize a multidepartment seminar and discussion series on women in science that was recently held at UTK.
Postdocs are encouraged to set their own schedules and work locations, as long as adequate
progress is being made; this has been important for postdocs returning from maternity leave or
with other life events. At my request, there is now a department-wide postdoc mailing list so that
postdocs may form connections across labs as well.

