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ABSTRACT to pinpoint the lineages along which the model has been violated
Summary: We present CAFE (Computational Analysis of gene for a specific gene family. CAFE can be run either through an easy-
Family Evolution), a tool for the statistical analysis of the evolution to-use graphical interface or a command-line version that both allow

of the size of gene families. It uses a stochastic birth and death pro- researchers to specify the analyses they wish to run (see Figure 1). A
cess to model the evolution of gene family sizes over a phylogeny. complete user’s manual can be found at http://www.bio.indiana.edu/
For a specified phylogenetic tree, and given the gene family sizes in “hahnlab/Software.html.

the extant species, CAFE can estimate the global birth and death rate

of gene families, infer the most likely gene family size at all internal

nodes, identify gene families that have accelerated rates of gain and 2 DESCRIPTION

loss (quantified by a p-value), and identify which branches cause the CAFE’s main inputs are a Newick description of a rooted and bifur-

p-value to be small for significant families. cating phylogenetic tree (including branch lengths in units of time),
Availability: Software is available from http://www.bio.indiana.edu/ ~ and a data file containing the gene family sizes for the extant taxa.
hahnlab/Software.html The data file may consist of data on one family or up to thousands
Contact: mwh@indiana.edu of families for the specified tree. The first line of the data file should
contain the extant species’ names (as used in the Newick tree des-
1 INTRODUCTION cription), tab-delimited in no particular order. Subsequent lines each

correspond to a gene family and contain tab-delimited family sizes

The analysis of both whole genomes and single gene families haf%r these extant species. Columns in the data file whose header
revealed an enormous amount of change in the size of families, evep

betw loselv related : Tatusoal. 1997). Th . oes not correspond to any of the names in the Newick tree des-
etween closely refaled organisms (Tatusowal, - ). There IS ription, which may provide additional information about the gene
much interest in these changes, as even the gain or loss of sin

h b imolicated in adaptive di betw gmilies, are ignored and simply copied in the output file. Examp-
genes nave been implicated in adaptive divergence DEWEEN Sprey f \ewick tree descriptions and corresponding data files can be
cies (Olson, 1999). In addition, large contractions and expansions q

famil llv attributed t tural selecti ithout ound in the online user’s manual.
gene families are generally atinibuted to natural sefection, without a5 y;rq input is A, which is the probability of both gene gain and

statistical basis fo_r these claims (dl_scussed n Het_lal. (_2005))‘ ._loss per gene per unit time in the phylogeny (CAFE assumes that
In order to make |nferepce§ regarding both the direction and S'Z%ene birth and death are equally probable, see atah (2005)).
of changes in gene famlly size, as well as V\_/hether large changes he user can either specifyby entering a single numerical value,
size are truly evo_lutlonarlly S|gn|f|cant, we |n§roduce the Program - have CAFE find the maximum likelihood value given the gene
CAFE (Computational Analysis of gene Family Evolution): a tool

f 7i family si h . hvi " text families in the data file. It should be noted that the estimatasl
or analyzing gene family size changes in a phylogenetic context. globally most likely value across all families in the input file;

The probabilistic model adopted in CAFE was introduced by . o .
Hahn et al. (2005); it uses a random birth and death process toseparate estimates affor individual families can be calculated by

: . ; running each family by itself. To estimate the maximum likelihood
model gene gain and loss along each lineage of a phylogenetic tregalue CAFE computes the likelihood of the data farequidistant

In ordgr to make mfere_nces over a. whole ph_ylogeny, a PrOb"f‘b'“St' alues of this parameter between two numerical values provided by
graphical model (Lauritzen, 1996; Jordan, in preparation) is use he user (in the command-line version the number of equidistant

to caI(t:l:Iat(;_:I;e pg)ba.b”t':]y ofhtr?nsmonilr_] get?]e fam"?]’_S'zle fr(zjml values used can be changed). Given this initial ranga ftre value
parent fo child nodes In the phylogeny. Lsing the graphical mode eading to the largest likelihood is used in the subsequent analysis;

machinery, one can draW. inferences on.t.he gene family size fot a&lternatively, one can ask CAFE to stop the analysis after computing
ancestral species. In particular, the specification of gene family size, is maximum likelihood estimate of. If the most likely value is

in the fext{a}nt t_a xa in tk(ljet:]ree f's sutfrf]lcnzr_lt tot_ estlr?atﬁ the ancestr ne of the two most extreme values queried by CAFE, or if the initial
gene family sizes (an erelore the direction of change on eac nge given is quite wide, it is recommended that estimatioh of

branch), as well as to identify unusually evolving gene families, an e run again in an interval around the previous most likely value. A

logfile output by CAFE contains the likelihood values for all queried
*to whom correspondence should be addressed values of).
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Data file: imammals.tab | | Browse ... |
Destination file: Iout.ta h | | Browse ... |
Tree structure: i((chimpanzee:ﬁ human By 890 {mouse: 33 rat:33):63) | | Get from file... |
Lambda value or range: ED.DDED | "1 EM only?

P.value threshol: .01 |

Humber of random samples: I1 oo |

Choose methods to identify the bad branch:

[ Likelihood Ratio Test [v] witerbi [v] Branch Cutting

Brew it!

Fig. 1. The upper part of CAFE’s graphical user interface. Required inputs are (see main text for a more detailed description of the inputs): the input data file;
the output file; the Newick tree structure of the phylogeny; either a single valdemiise or a range of values thatcan be optimized over; a checkbox

which allows one to stop after the EM step (‘EM only?’); the p-value threshold for families below which the branch-identification methods are run; the number
of samples used in the Monte Carlo sampling steps; and three check boxes to decide which methods to use to determine the implicated branches for the ger
families with p-values below the specified threshold. Not shown in the figure are the progress bars for the different steps of the analysis.

Given a phylogenetic tree, the gene family sizes in the extant spealong each branch of the tree. Branches with low p-values repre-
cies (data file), and the value far a graphical model can be used to sent unusually large changes, either contractions or expansions. The
calculate the most likely family size in the ancestral species, and thisecond method (‘branch cutting’) calculates whether the overall p-
for each family (see Hahet al. (2005) for details). CAFE calculates value associated with a gene family increases if we cut one of the
these so-calleliterbi assignments, and a comparison of these estiranches of the tree. By ‘cutting’ a branch we mean removing the
mated sizes at all parent and descendant nodes allows one to infprobabilistic coupling between the parent and child family sizes for
the direction and size of change in gene family sizes along eacthat branch. A p-value is then computed for the gene family given
branch. The Viterbi assignments are reported in the main output filehe tree with one branch removed as a model (and this is done for
The average size of expansions along each branch of the tree (whezach branch separately). If the p-value increases considerably after
negative values indicate an average contraction among all familiesgutting a branch, this branch may be held responsible for the overall
as well as the number of families that have no change, expand, dow p-value of the complete model. The third method (‘likelihood
contract on each branch of the tree are reported in the lodfile. ratio test’) maximizes the likelihood of the gene family by estima-

For each of the gene families in the data file, CAFE computeging a separate value for the evolutionary rate paramatealong
a p-value associated with the gene family sizes in the extant spehe branch under investigation. The ratio of the likelihood under the
cies given our model of gene family evolution. Families with a large model with two parameters to the likelihood with just a single para-
variance in size, especially among closely related species, are likelyeter can be used to assess the need for an extra parameter along
to have low p-values. Gene families with low p-values are intere-individual branches. High values therefore indicate branches along
sting, as large contractions or expansions may be associated withhich there has been a larger-than-expected amount of evolutionary
natural selection, or with large duplications or deletions of stretcheghange.
of chromosome containing multiple, related genes.

For those gene families with a small p-value, it is of interest to
identify the branches of the tree where the largest changes ha\% IMPLEMENTATION AND COMPUTATIONAL
taken place (and hence where the model has been violated). CAFE ISSUES
incorporates three methods to identify these branches. While each &oth the GUI and command-line versions of CAFE are implemen-
these methods is different in nature, it is our experience that in moded in Java and operate as stand-alone tools. CAFE can be used on
cases they agree with each other. The first method (‘Viterbi’) usegsiny Mac OSX, Windows, or Linux machine running at least Java
the Viterbi assignments to the ancestral nodes, and subsequendrtual Machine 1.5. Output files include a record of the settings
computes a p-value for the transition from parent to child nodeused (‘userprofile.txt’, only for the GUI version), a logfile of the

analyses conducted (‘logfile.txt’), and a specified main output file.
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In order to calculate p-values for each gene family, Monte Carloand are never computational bottlenecks. Part of the reason for this
sampling must be used for computational feasibility. The numbeiis that the demanding work has already been carried out in previous
of samples used can be specified in CAFE, a0d0 is generally  steps. Finally, the calculations for the likelihood ratio test are usually
a sufficiently accurate and still computationally viable choice. Thetime consuming, as the most likely value)ofmust be computed for
unavoidable use of Monte Carlo sampling means, however, thatach branch and for each family considered. To this end, additio-
the birth and death model probabilities need to be computed mangal caching for different values of is necessary (calculation of the
times with the same parent and child family sizes and evolutionanjikelihood ratio test for 150 families with p-values below 0.0001
distance between them. Because this is time consuming, it is genéom the above dataset on the same machine took approximately 5.5
rally beneficial to first cache the birth and death probabilities for allhours). To avoid unnecessary calculations, users can specify which
possible pairs of parent and child family sizes, and for each of thef the various methods to identify significant branches should be
branch lengths in the phylogenetic tree. As it is impossible to cach&sed, as well as a minimum p-value above which families are not
the transition probabilities for unboundedly large gene family sizesgconsidered for further branch-specific analyses.
an upper bound needs to be chosen, which should be larger than the
size of the largest gene family in all species in the phylogeny andACKNOWLEDGEMENTS
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