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This page from Darwin's notebooks around July 1837 shows his first sketch of an 
evolutionary tree. 
 
cf. http://en.wikipedia.org/wiki/Tree_of_life_(science) 
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The tree – originating from a single stem and spreading out into an uncountable 
number of branches, terminating in single leaves – is the most common conceptual 
metaphor for the process of evolution. 
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All life originates from a common ancestor species, and has diversified in a process of 
speciation into the complexity we observe today. 
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Stochastic variation (i.e. random, undirected variation) changes gene sequences. 
Sequence changes lead to changes in function and global fitness. Selection will cause 
changes to become fixed in a population. However, this process is not the same in 
different populations if the populations do not constantly share and mix genetic 
material. Once populations become separated in reproduction, their genome 
sequences diverge. This divergence is described as branching from a common 
ancestor. 
For sets of genes that have diverged from the same ancestor (a cenancestor, or LCA 
– Last Common Ancestor), the amount of observed divergence allows us to order 
branching events on a tree. This requires (i) quantifying divergence, and (ii) building 
a tree that best explains the observed divergence between contemporary genes 
(leaves of the tree, or OTU – Operational Taxonomic Units). 
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We usually draw phylogenetic trees with the root at the top or at the left. This 
reflects our intution about the tree representing a process, a sequence of events, and 
aligning this with our reading conventions: top to bottom, left to right. 
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Algorithms that draw trees need to decide how to order the terminal nodes. Is the 
top, or the bottom tree on the left “better”? In this example it really makes no 
difference, and the arrangement could be randomly chosen. But if the distances to 
the root node would be different, as they often are, we could arrange the tree so that 
the difference in distance to the root between adjacent genes is minimized. This 
would place more closely related leaves closer to each other in the drawing. 
However, such layout decisions have nothing to do with the topology of the tree that 
represents the evolutionary relationships, nor with the objective function under 
which the tree is constructed. 
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Definitions ... 
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Apparently some of the reasons given above why a molecular clock should be 
inaccurate, cancel each other. As a result, the “molecular clock” actually works. 
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Why does midpoint rooting place the root into the longest branch? 
Because the root branch is twice as long as it should be – since it is missing a 
branching node: the root. 
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Phylograms are the most frequently used diagrams for phylogenetic relationships. 
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Ultrametric trees may at first glance look like cladograms, but the branching point 
heights (distance from the root) are drawn proportional to the amount of time that 
has passed. In contrast, in a cladogram, branch lengths have no meaning and only 
the topology carries information. 
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But is a tree even the correct way to describe the evolutionary relationship of genes?  
Remember what it describes: an individual gene, evolving over time and its 
relationship to other genes, independently evolving after speciation or duplication 
events. 
Thus, in principle the relationship between genes is constrained by the universal Tree 
of Life. 
However, there is a third type of event that needs to be considered, albeit it is less 
frequent than the other two: that of genetic material passing from one species to 
another in horizontal gene transfer. 
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Parametric methods are based on the analysis of sequence composition. GC contents 
is frequently used but virtually all organisms have characteristic sequence signatures 
regarding codon preferences, amino-acid profiles and GC contents. 
Phylogenetic methods look at differences between trees for species (e.g. based on 16S 
rRNA trees) and trees for genes. In the example above, note the large distance that 
separate the two bacteria in 2., the small distance between the genes in 2b. However 
to infer the direction of the transfer requires evaluating more than two species, or 
using parametric evidence. 
 
 
Ravenhall M, Škunca N, Lassalle F and Dessimoz C. (2015) Inferring horizontal gene transfer. PLoS 
Comput Biol. 11(5):e1004095. (Paper also availbale on Wikipedia: https://en.wikipedia.org/wiki/
Inferring_horizontal_gene_transfer ) 
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Especially in early evolution, horizontal gene transfer and mixing of evolutionary 
material may have been much more common than it is today, as current organisms 
have developed very sophisticated mechanisms to protect their genetic identity. 
Thus an explicit treatment of non-dichotomous relationships is important, especially 
for deep evolutionary trees, such as the one that was recently proposed to establish 
giant viruses as a fourth superkingdom of life. 
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