
Gauging the utility of compound microsatellites for shallow 
scale phylogeny estimation.
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Background
Microsatellites are common genetic 
motifs in which short nucleotide se-
quences are repeated many times (e.g. 
ATATATAT…). They are generally uncon-
strained by selection, mutate rapidly 
and show a high degree of polymor-
phism. This polymorphism makes them 
attractive candidates as tools for shal-
low scale phylogenetic analysis, but the 
rapidity with which they mutate results 
in a homoplasy problem that tends to 
obscure their ancestry even at shallow 
depths. That is to say that one often 
cannot infer whether two individuals 
with the same number of repeats at a 
locus owe this similarity to common an-
cestry or to convergence. This difficulty 
may be alleviated by focusing on com-
pound microsatellites, sites at which 
multiple microsatellite alleles are lo-
cated close enough together on a chro-
mosome such that recombination is 
minimal. At these sites multiple charac-
ters are independently evolving at what 
may be approached as one locus, which 
may allow for sufficient accuracy for 
phylogeny reconstructions. 

Methods
Microsatellites can be simulated as con-
tinuous characters allowed a rate of 
Brownian motion along the branches of 
a tree (see Figure 1). For this experi-
ment, coalescent trees were generated 
using Mesquite for a range of  tree sizes 
(from 4 to 64 taxa) and population sizes 
(from 1000 to 1000000). Alleles were 
simulated along each using a Brownian 
mutation rate of 1.0. For each treat-
ment, maximum likelihood trees were 
estimated for the simulated data using 
the contml program in the PHYLIP pack-
age. These trees were constructed using 
a range of character counts (from 1 to 
128). These likelihood trees were then 
compared back to their true trees with 
PHYLIP’s treedist program, producing 
Robinson-Foulds distances, which re-
flect the number of branch rearrange-
ments separating the two trees. This 
analysis was conducted for 80 repli-
cates. Average Robinson-Foulds dis-
tances across replicates were used to 
compute the branches recovered as a 
proportion of the total branches.

 2 3 4 5 6 7 8 >9

Homo sapiens 51997 6096 1198 335 106 41 7 12

Maccaca mulatta 52796 6565 1389 433 155 49 10 10

Mus musculus 137237 26551 6561 2080 652 241 99 114

Rattus norvegicus 113077 16505 2632 607 170 78 19 32

Ornithorhynchus anatinus 1791 105 13 4 0 0 0 0

Gallus gallus 7782 610 115 17 6 2 0 0

Danio rerio 71280 15703 4163 1641 592 336 143 301

Drosophila melanogaster 685 29 0 0 0 0 0 0

Microsatellite counts for a given number of repeats

Figure 1. An example of simulated mutation of a continuous character across an eight taxon coales-
cent tree. Note the extent of homoplasy, particularly over long branch lengths.

Figure 3. Compound microsatellite sizes and counts for eight model species, as reported in Kofler et 
al, 2008.

Figure 2. Proportion of branches of the true tree accurately recovered in maximum likelihood tree by 
number of characters analyzed. Shows results for five tree sizes (4-64) and four effective population 

Results
Results are displayed in Figure 2, which 
shows the trend in concordance be-
tween true and estimated trees with in-
creasing character count. For a given 
tree size, as more characters are in-
cluded in the analysis, a higher percent-
age of branches are successfully recov-
ered. At low character counts, larger 
trees are more difficult to reconstruct 
than smaller trees. However, beyond a 
certain threshold of character count, 
the tree sizes converge towards a 
common accuracy. Results in the figure 
are for continuous microsatellite sizes, 
but real microsatellite counts are dis-
crete. The use of continuous precision 
thresholds obscures the trend that 
would otherwise be observed across 
population sizes, with lower accuracies 
reported for smaller populations.

Discussion
The character counts were varied 
during the likelihood analysis in order 
to determine the number of characters 
necessary to provide reliable inferences 
about tree structure.  When few charac-
ters are used, the ancestral history is 
more ambiguous and the likelihood 
tree is a poor estimate of the true tree. 
As more characters are included, this 
ambiguity is reduced and likelihood es-
timates are stronger.  

As compound microsatellites in real ge-
nomes are limited in size and frequency, 
the threshold at which the character 
count becomes sufficient for tree esti-
mation has obvious significance to the 
usefulness of these motifs as phyloge-
netic tools. Reported data suggest that 
the reliability of tree estimation im-
proves with increased character counts, 
and that this improvement begins 
within the range of compound micro-
satellite size consistent with biological 
reality.  Trees may be estimated at an ac-
ceptable accuracy threshold of >20% 
given eight microsatellite characters. 
Figure 3 reports data from Kofler et al 
(2008) profiling compound microsatel-
lite size and count from a sample of 
model species, suggesting that com-
pound microsatellites of eight charac-
ters or more may be found in real ge-
nomes for many species. This may sug-
gest a novel approach to the resolution 
of shallow scale phylogenies, especially 
in light of approaching technological 
advances that are expected to make 
whole genomes practical to obtain for 
phylogenetic research.
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