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Minimum-spanning network
An algorithm for constructing minimum-spanning trees 
(MSTs) from a matrix of pairwise distances (absolute 
number of differences) among haplotypes (Prim, 
1957; Rohlf, 1973) has been modified in order to 
include all possible MSTs within a single graph, the 
MSN (Excoffier and Smouse, 1994). The connections in 
MSTs are only formed among sampled haplotypes. The 
inference of missing node haplotypes is therefore not 
possible. Software ARLEQUIN, v. 2.000 (Schneider et 
al., 2000).
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Bandelt H-J, Forster P, Sykes BC, Richards MB (1995) 
Mitochondrial portraits of human populations using median 
networks. Genetics 141:743-753

 Bandelt, Hans-Jurgen, et al. Median-joining networks for 
inferring intraspecific phylogenies. Molec Bio and Evol. Vol 16 

(1), Jan 1999 
Median-joining network
Under this approach (Bandelt et al., 1999), all MSTs are first 
combined within a single network (MSN) following an algorithm 
analogous to that proposed by Excoffier and Smouse (1994). Then, 
using the parsimony criterion, inferred missing node haplotypes are 
added to the graph in order to reduce its overall length. Program 
NETWORK, v. 2.0 (available at http://www.fluxus-
engineering.com/sharenet.htm), with parameter ε = 0. Additionally, 
some of the data sets were reanalyzed with an increased value of 
epsilon to test whether it improves the performances of the method 
(with ε > 0, less parsimonious pathways are also included in the 
graph).
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https://www.fluxus-engineering.com/sharenet.htm
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Statistical parsimony network
The method (Templeton et al., 1992; implemented in 
TCS, v. 1.13 [Clement et al., 2000]) first defines the 
uncorrected distance above which the parsimony 
principle is violated with more than 5% probability 
(“parsimony limit”). Then, all connections are 
iteratively established among haplotypes starting with 
the smallest distances and ending either when all 
haplotypes are connected or the distance 
corresponding to the parsimony limit has been 
reached. Although missing node haplotypes can be 
inferred using the TCS program, the exact algorithm is 
not described in the literature yet. For graph 
construction using the TCS program.
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The statistical parsimony algorithm begins by estimating the 
maximum number of diferences among haplotypes as a result of 
single substitutions (i.e. those that are not the result of multiple
substitutions at a single site) with a 95% statistical confidence.

This number is called the parsimony limit (or parsimony 
connection limit). After this, haplotypes differing by one change 
are connected, then those differing by two, by three and so on, 
until all the haplotypes are included in a single network or the 
parsimony connection limit is reached. The statistical parsimony 
method emphasizes what is shared among haplotypes that differ 
minimally rather than the differences among the haplotypes and
provides an empirical assessment of deviations from
parsimony.
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PopART   https://popart.maths.otago.ac.nz/
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Leigh & Bryant 2015 MEE

https://popart.maths.otago.ac.nz/
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The Networks
PopART includes several network inference 
methods. Minimum Spanning, Median Joining, 
and TCS are all popular methods that have 
been described elsewhere. Ancestral 
Parsimony, Integer Neighbor-Joining, and 
Tight Span Walker are new methods.
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Ancestral Parsimony
This method shows different ways the haplotype sequences might be connected through 
ancestral sequences inferred by the Maximum Parsimony criterion. You’ll find that these 
networks tend to have a lot of edges, because there’s often a lot of uncertainty in the inference 
of ancestral sequences. You can reduce this somewhat by increasing the “Minimum Ancestral 
Frequency” value.
Integer Neighbor-Joining
This method begins with a Neighbor-Joining tree, but sets the branch lengths to integer values 
so that they represent the number of mutations between sequences. Then, for pairs of 
haplotypes whose distances on the tree are longer than the distances between the sequences, 
edges are added to shorten the distance. New edges won’t be added if they create any 
distances on the network that are shorter than the distances between sequences. If a new 
edge is longer than the improvement produced by its addition (i.e., the difference between the 
distance on the network and the sequence distance), it won’t be added. You can increase the 
“Reticulation tolerance” to allow the addition of these edges if they aren’t much too long.
Tight Span Walker
This method uses some properties of the tight span for the distance matrix for your sequences 
to build a haplotype network. We’ll be describing this method in detail soon, but it’s beyond the 
scope of this documentation. The current implementation will fail with some data sets, but if it 
works, the distances on the network should match your sequence distances exactly.
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1. Os alelos mais antigos tem 
maior probabilidade de serem 
interiores.

2. Em média os alelos mais 
antigos tem distribuições 
espaciais mais alargadas.

3. Haplotipos com maior 
frequência tendem a ter mais 
conexões mutacionais.

4. Singletons tem mais 
probabilidade de estarem 
conectados a non-singletons 
do que a outros singletons.

5. Os singletons tem mais 
probabilidade de estarem 
ligados aos da mesma 
população do que a de outras 
populações 
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Minimum spanning network of the 24 haplotypes found in the 

populations of L. schreiberi 
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