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Phylogeny computer program exercise results

19 students ran the interactive parsimony program Dnamove and reported their
trees, which were from 19 different genes in the same 14 species. Thank you all for
the effort. We might wonder whether the 19 genes seem to be estimating the same
underlying tree. Hopefully when you base your analysis on more and more genes,
you get closer to the true tree.

To check this, I have used a program that computes distances between trees, the
program Treedist from the PHYLIP package. The distance measure used was the
Robinson-Foulds Symmetric Distance. Basically the reports how many branches
there are in each of the two trees that disagree with the branches in the other tree.
Here are two of the trees, plotted together. They grow inwards from the left and
from the right. They can be plotted with the species in the same order, except for
two species whose order has to be switched. The branches that disagree in the two
trees are shown as darker lines (branches in this sort of tree diagram are L-shaped).
There are in total 9 of them, which is rather less than most pairs of trees have.
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When we use more than one gene to infer a tree, one way is to make individual
phylogenies for each gene, and then compute a “consensus tree” of these – a tree that
contains branches that are found in the trees from as many genes as possible. For
example, if we use 9 genes, we would make an Extended Majority-Rule Consensus
Tree from the 9 trees. In this case I have done this for one group of 9 students and
for another, with no students overlapping.

As we add more genes, we should be converging on the correct tree. If so, then
we hope that a 9-gene (9-student) consensus tree will be closer to the 9-gene tree
from different genes. Here is the result from your trees:
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The two trees are clearly closer: they have a total of 6 conflicting branches. Using
groups of 2, groups of 3, 4, 5, 6, 7, 8, and 9 trees from our results and getting average
distances between the consensus trees for groups of each size, we get this result:
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The downward trend is apparent. With several times as many genes, we should
get agreement no matter which set of that many genes we choose.

The maximum possible distance between two trees of 14 species is 22. With single
genes, we get an average distance of 15.625. This show some agreement among trees
already, since for two random trees of 14 tips, the chance of that much agreement
is less than 1%. As we go to sets of 9 trees, the distance drops to 6. Most of the
groups that agree between our two 9-gene consensus trees are in fact thought to be
real. And that includes the closer relationship of dolphins to cows than to horses.



Finally, here are the genes we analyzed, ordered from most slowly-evolving to
most quickly-evolving. All of you said your genes were essential and should not
change. But they do change, and at different rates. Can you see any pattern?

HUGO symbol Name, plus Rate
INTS9 Integrator complex subunit 9 (snRNA processing) 0.33
SHOC2 Leucine-rich repeat protein 0.50
MMP5 Membrane protein, palmitoylated 5 0.56
TASP1 Threonine aspartase-1 (endopeptidase) 0.61
HIF1A Hypoxia inducible factor 1-alpha 0.65
SLK STE-20-like serine/threonine protein kinase 0.66
MDH1 Malate dehydrogenase 1 0.71
DDX1 ATP-dependent RNA helicase 0.72
CYFIP1 Fragile X mental retardation associated protein 0.80
UBEC3 Ubiquitin protein ligase 0.81
SLC25A24 Calcium-dependent solute carrier 25 0.83
FNDC3B Fibronectin type III domain containing protein 0.87
MUSK Muscle skeletal receptor tyrosine kinase 0.88
GDE1 Glycerophosphodiester phosphodiesterase 0.94
HGNC O-sialoglycoprotein endopeptidase 0.95
PARP12 Polymerase with ADP-ribotransferylase 1.15
CCNE1 regulatory protein for mitosis 1.18
CENPM Centromere protein M 1.20
FYN FYN-binding protein 1.22


