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Introduction

Unrooted evolutionary trees are
frequently used to describe genetic
relationships among populations.
They are interpreted by measuring the
length of the branches separating each
population. For example, in the tree
shown at left, populations “Cabin” and
“Davis” are more similar to each other
than they are to population “Nutt.”
Hierarchical, bifurcating trees are a
reasonable model for the evolution of
DNA sequences and species, but may
or may not be appropriate for
describing patterns of genetic
similarity among in populations
connected by gene flow. For example,
if populations are arranged in a
stepping stone pattern (either one or
0.1 two dimensional), the genetic

relationships between populations

may not follow a hierarchical pattern,
and traditional neighbor-joining or UPGMA trees may not be appropriate tools for
describing the structure of such populations.
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The most commonly used approach for constructing evolutionary trees for
populations is to compare allele frequencies among the populations. Genetic differences
between populations are summarized with a matrix of pair wise genetic distance (e.g. pair
wise FST), and a tree is then constructed from these distances so that the relationships in
tree are similar to the relationships in the matrix of genetic distances. The two most
commonly used distance based methods for building trees are the unweighted pair group
method with arithmetic mean (UPGMA), and neighbor-joining (NJ). Both methods build
trees by searching the genetic distance matrix for the most similar populations (i.e. the
ones with the smallest distance between them), and then connecting these populations at
a node. Once populations are connected, they are removed from the distance matrix and
replaced with the node connecting them. The tree building algorithm continues until all
populations are connected in a tree.

The purpose of TreeFit is to analyze how well a tree fits the genetic data the tree
was calculated from. TreeFit creates NJ and UPGMA trees from a genetic distance matrix,
and then compares the observed genetic distance between populations with the genetic
distance in the tree. The main output from TreeFit, is an R? value for a tree—the
proportion of variation in the genetic distance matrix that is explained by the tree.

Input files

TreeFit reads two types input files: distance matrix files (example shown below), and
GENEPOP genotype files. If a GENEPOP file is used as input, Weir and Cockerham’s
(1984) theta is used a genetic distance. An example of a distance matrix file for the
microsatellite data of Gutiérrez-Espeleta (2000) is show below.

Pairwise FST for BHS microsatellite data of Gutierrez et al. (2000)

Cabin

CDome 0.24

Davis 0.02 0.25

Eagle 0.20 0.13 0.20

Canada 0.23 0.26 0.24 0.21

Kofa 0.22 0.02 0.24 0.10 0.24

Nutt 0.07 0.32 0.10 0.27 0.28 0.34

oD 0.29 0.29 0.31 0.13 0.31 0.29 0.37

Palm 0.31 0.20 0.30 0.14 0.32 0.18 0.39 0.26

RR 0.36 0.25 0.38 0.23 0.31 0.24 0.41 0.35 0.30

SG 0.34 0.28 0.33 0.11 0.31 0.27 0.39 0.22 0.25 0.39
Stewart 0.27 0.07 0.26 0.15 0.27 0.10 0.34 0.27 0.19 0.24 0.30



Wheeler 0.23 0.24 0.25 0.19 0.18 0.22 0.33 0.25 0.33 0.40 0.31 0.25

Note the following characteristics of the file.
1. The first line contains a description (title) of the data. This is required.
2. The second line lists the name of the first population/sample and no other data.
3. Each line thereafter starts with the name of population/sample. S
4. Spaces are not allowed in population names.

5. The genetic distances must be in lower-left hand format.

Methods

TreeFit constructs UPGMA and NJ trees from a matrix of distance matrixes (see
Felsenstein, 2004, for a description of these methods). Let D;jrepresent the observed
genetic distance between populations i and j. TreeFit calculates the “fitted” genetic
distance between each pair of populations by summing the branch lengths between the
populations. Let djjrepresent this distance, i.e., the distance between populations i and j
in the tree. If the tree fits the data well, the fitted genetic distances between each pair of
populations will be approximately equal to the observed genetic distance between them.

As an example, consider a
section of the UPGMA tree
shown above. The figure at
left shows the connections in
the tree between populations
Cabin, Davis, and Nutt—and
is labeled with branch
lengths. The observed genetic
distance between Davis and
Nutt was 0.1048. However,

the genetic distance between
Davis and Nutt in the tree is 0.00895 + 0.03555 + 0.0445 = 0.0890, which is slightly less
than the observed distance. This is the sort of discrepancy that TreeFit quantifies (see
below). If we compare the fitted versus observed genetic distance for Cabin and Nutt, the
fitted distance is 0.0890; the observed genetic distance is 0.0732. Therefore, the tree
overestimates the genetic distance between Cabin and Nutt, and underestimates the
distance between Davis and Nutt.



The main function of TreeFit is to calculate the proportion of variation, R?, in the genetic
distance matrix that is explained by the tree. This is done in the usual manner,

where summation is taken over all pairs of populations (i.e. all elements in the genetic
distance matrix). If R? is near 1.0, the tree represents a good summary of the genetic
relationships shown in the distance matrix.

Output

TreeFit performs two types of analysis. First, it constructs UPGMA or NJ trees and
outputs the tree as a TreeView file. (TreeView is a free computer program available on the
internet for displaying and printing trees). Second, TreeFit compares observed genetic
distances between populations to the fitted genetic distance between the populations
within UPGMA and NJ trees.

The microsatellite data of Gutiérrez-Espeleta (2000) is used as an example
throughout this manual. In this study, ten microsatellite loci were genotyped for at 13
populations of bighorn sheep, most of which were in the deserts of Southern California
and Arizona.

TreeFit output from the data of Gutiérrez-Espeleta (2000) is shown below for a
UPGMA tree (the tree is shown as an example in the introduction).

UPGMA Tree
Obs D Fitted D

Cabin CDome 0.2391 0.2820
Cabin Davis 0.0179 0.0179
Cabin Eagle 0.1968 0.2820
Cabin Forbes 0.2270 0.2583
Cabin Kofa 0.2182 0.2820
Cabin Nutt 0.0732 0.0890
Cabin oD 0.2876 0.2820
Cabin Palm 0.3069 0.2820
Cabin RR 0.3599 0.3219
Cabin SG 0.3447 0.2820
Cabin Stewart 0.2670 0.2820
Cabin Wheeler 0.2260 0.2583
CDome Davis 0.2487 0.2820
CDome Eagle 0.1319 0.2265
CDome Forbes 0.2564 0.2820
CDome Kofa 0.0234 0.0234
CDome Nutt 0.3235 0.2820
CDome oD 0.2901 0.2265
CDome Palm 0.2024 0.1887



CDome RR 0.2451 0.3219
CDome SG 0.2791 0.2265

The first column of numbers contains the observed genetic distance between pairs of populations
(shown at left), and the second column of numbers contains the genetic distance between each
pair of populations in the tree. A graph of these data (made in Microsoft Excel) is shown below.
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The graph shows that there is a rough correspondence between the observed and fitted
genetic distance. The R? for this UPGMA tree is 0.61, which is relatively low. The R? for a
NJ tree for the same data is 0.91, which is much better, but still relatively low for a NJ

tree.
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