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1 Introduction

Homology is the relationship of a trait that has descended in organisms with a recent
common ancestor. The simplest unit of describing homology can be a gene, structural
trait (like a protein), or even a behavior. The opposite of homology is analogy, which has
similar character (AKA simplest unit of description), but has done so convergently, and
not from the same ancestor. The cenancestor is the species at the node we care about, the
most recent common ancestor.

2 The other homologies problem

Don’t worry about differences in structure, mathematical or biological, just make sure that
anyone working in biology uses the same definitions

3 The redefinition problem

Homology was first defined by Owen in 1843 as an organ in similar function and form.
The definition lacks common ancestry because Darwin and Mendel had not released their
works. We don’t want to introduce a new word for the common meaning of homology
though, so thus, don’t use Owen’s old definition, include common ancestry in the modern
definition.
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4 The character/ character state problem

A character is a heritable trait that an organism has and the character state is one of the
forms that trait can take. For example, hair color can be considered a character while
red would be considered the character state. Homology, or a structure inherited from a
common ancestor is determined by multiple characters, many heritable traits as a set of
evidence. However, if we look at an individual character, to extend this example, hair
color, again and check its state, red. It would be incorrect to say that because another
species, with the character state blue for the character, hair, is non- homologous because
homology is determined by the choice of characters, hair, eyes, proteins, and genes. If the
characters were truly non- homologous, you would not compare the character states.

In brief: don’t say that a mismatch of character states between two species is non-
homologous because the only reason we compare the character states is when we believe
that there is homology. There can be a mismatch of character states and the species can
still be homologous.

5 The homology/ homoplasy problem

Analogy is similar traits due to convergent evolution while homology is similar traits due to
inheritance. I believe that both homology and analogy are complements of the sample space
“non-random explanations of similarity”. However, Finch describes homoplasy and analogy
to comprise non-random explanations of similarity. I believe that because Fitch describes
them as complements, they’re also mutually exclusive. Thus, if we take both our definitions,
we come to the conclusion that homology and homoplasy are the same. However, this is
redundant, so there must be a mistake in my understanding or the model.

Thus, without a good place to group homoplasy, my guess would be that it would be better
described as the union of analogy and homology, as the definition I’ve learned in class is
“Homologous in ancestry, and analogous in function”. I think that establishing analogy
and homology as NOT mutually exclusive would allow for us to find a way to organize
homoplastic traits.

6 The recognition of homology problem

I thought this section was really funny. “It is worth repeating here that homology, like
pregnancy, is indivisible. You either are homologous or you are not” (Fitch 1970)
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This is actually difficult to determine because if, for example, you’re comparing genes, at
what random cutoff do you determine a gene to be homologous? 90%? 100%? First,
thinking this way biases us towards thinking that analogy is probably not at play here;
and second, we can’t say that homology is 90%, because like we said earlier, it either is, or
isn’t homologous, there is no middle ground.

What does this mean in terms of making a cladogram? Does it mean that we just say
that we’re 99% certain that the genes are homologous? I’m not too sure, but the topic of
bootstrap values came up today in class and looking online, bootstrap values are defined
as ways to resample evolution.

Because we only see evolution happening a few times, making the best tree we can may
lead to errors, even if the tree itself is considered parsimonious. Thus, small sequences
from the entire sequence are sampled, leading to pseudo- sequences that themselves can
be used to make cladograms. Bootstrap values are percentages, indicating the amount of
trees constructed from the pseudo- sequences that match up with the original tree. While
some errors may arise due to sequences consisting of both highly variable and conserved
regions, leading to misleadingly low bootstrap values, they can generally be taken for how
sure we are of the node’s certainty.

7 The homology subset problems

There are three disjoint subtypes of homology: orthology, paralogy, and xenology. Orthol-
ogy is speciation followed by sequence divergence. Paralogy is gene duplication followed
by sequence divergence. Xenology is where the origin of a gene is due to some interspecies
transfer. Xenology recently has shown up because it causes problems if you don’t know
that a xenologous event has occurred as in the case with the endosymbiotic theory and
chloroplasts. When building a gene tree, it may not exactly follow a species tree, espe-
cially if there are mixed duplication and speciation events. However, addition of more
information to a sequence tree cannot obfuscate relationships, only provide more context.
Isoorthologs are a special case following a speciation event, then duplication event, where
the genes on opposite sides of the trees are considered orthologs, but only two of the three
are functionally related, called isoorthologs.
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8 The gene loss problem

In the simplest case where a single gene is duplicated, followed by two separate gene loss
events. A paralogous event can be made to look like a homologous event. Moreover,
treating gaps in the genome can also be construed as a character, with the character state
being the present or absence of the gene. This becomes important later for sequence
alignment.

9 The structure/function problem

Fitch is okay with including all characters under the definition of homology as long as the
reviewer is careful to say whether it is a gene, structure, function, or even behavior.

10 The bird/ bat limbs problem

Fitch describes the bird bat limb as homoplasy here. This definition is thrown around a
lot, but he defines it to be: orthologs in ancestry (meaning that they were likely similar
structure in the past as well as homologs) and analogs in function (they both evolved into
the function they are currently independently). This independent evolution is what throws
most people off, I like to think of the similar structure as giving two siblings the same lego
kit for a model, but telling them they can only build it when they’re older. Then, going
back to check on the models they built, to find that they are identical.

11 The homology/ analogy problem

Fitch describes sequence convergence as sketchy for analogy, but comes up with a method
to test for convergence or homology. He says to compare the ancestral sequence of the
characters in question, in this case alpha and beta hemoglobin, and compare to see whether
they’re similar (homologs- like an ortholog) or different (analogs). However, there are no
proven cases of genic analogy. Messier and Stewart describe another example of homoplasy
from the bird/ bat limbs problem, except this time with lysozyme and 5 parallel mutations
in the gene into digestive enzymes in the stomach. Fitch continues to look at other genic
similarities that “might” be analogies, an initiation site of translation because there are
two (seems tenuous at best)
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12 The gene conversion problem

Fitch describes gene conversion of a duplicated gene (in paralogs) causing replacing of its
sister gene, to look like orthology. The sequences will continue to diverge and Fitch says
that it can only be detected by looking at the genes around it in a paper by Rudikoff.

13 The recombination problem

In the class that I’m currently in, Brenner more succinctly describes this as having one
domain of a mosaic protein remain homologous, while other domains remain just non-
similar sequences. The sequences get in the other protein via recombination and he hazards
at calling it percent homology, as it might be confused with percent similarity, and instead
deems it “partial homology”

14 The tandem repetitive characters problem

Fitch tries to highlight that multiple repeats should be considered different from gaps
when calculating for sequence alignment. He goes on to say that the number of repeats
themselves are important in building phylogenies.

15 The gene/allele problem

Fitch uses the example of hemoglobin to highlight the fact that alleles may be gene du-
plicates and thus paralogs. He states that genes are a bit of a conundrum when trying to
differentiate them from alleles. His example of hemoglobin includes a single allele in the
gene becoming two, eventually creating a heterozygous population.
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16 Conclusion

Fitch closes by saying that homology has been defined and used imperfectly. He also
recognizes that it will continue to be the same, but we could reduce confusion by using
the same definitions. I personally enjoyed reading Fitch’s work and it helps clarifies some
of the problems that will arise in determining phylogenies, but there are sure to be more
problems that will arise in the future.
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