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Development of an Integrated System for Molecular Evolutionary Study
and Its Application

1. " DeepForest": A molecular evolutionary analysis system
The DeepForest is a molecular phylogenetic analysis system implemented in a
parallel logic programming language; KL1/KLIC. This is not a set of application
programs, but a set of libraries. The major objectives of the DeepForest are (1)
reconstruction of phylogenetic trees, (2) sequence data operation, and (3) tree
superimposition. One of the most prominent features in the DeepForest is
parallel execution. I implemented an application program on a shared memory
parallel machine; CRAY CS-6400, to examine its efficiency, and found that
powerful symbol operation and flexible parallel computation in the DeepForest
could provide efficient sequence analyses.

2. " ThreeTree": A new method to reconstruct phylogenetic trees

Although various methods have been proposed to reconstruct molecular
phylogenetic trees, no method has been shown to be perfect. Different methods
sometimes produce different trees from the same data. Conversely, if different
methods produced the identical result, the obtained tree could be reliable.
Therefore, it is meaningful to invent a new method based on a different criterion
from existing ones.

At present, many tree-making methods are in general based on minimum
evolution criterion. I developed a method, the ThreeTree method, based not on
that criterion, but on examining branch lengths for all the possible combinations
of three OTUs at a time. This method is guaranteed to lead to the true tree, when
pure distance additivity holds. When distances are not purely additive and the
guarantee does not hold, the reliability can still be improved through the
maximum likelihood estimation of branch lengths.

I developed a program of this method, and performed computer
simulations to examine its reliability. The result shows that the new method is
quite reliable and robust, even if the evolutionary rate is set to be different from
branch to branch. However, its ability to infer the correct tree is lower than the
neighbor joining method, when diversity of among sequences used is large. On
the other hand, when amino acid sequence data are used, the new method
complements the neighbor joining method in the case that the latter performs
poorly. When the new method makes a wrong bifurcating node at a step owing
to a short internal branch involved, it has a tendency to produce a trifurcating
node instead of a worse bifurcating node in the next step. This means that this
method is more resistant to adverse influences originated in the preceding steps



than other stepwise methods.

3. Phylogenetic relationship of muscle tissues deduced from superimposition

of gene trees
There has been no systematic study on the phylogenetic relationships of muscle
tissues. The tissues can be divided into six classes such as smooth, fast skeletal,
slow skeletal and cardiac muscle tissues, striated and smooth muscle. 1
reconstructed a phylogenetic tree of each of five protein genes that are expressed
in the six muscle tissues, and inferred the phylogeny the muscle tissues by
superimposition of those gene trees. To carry out the superimposition, I
developed a new program by use of libraries of the DeepForest.

It is noted that actin gene, one of the five genes, is known to be duplicated
before vertebrates and arthropods diverged. The gene consequently produced a
tree which consisted of two subtrees; one from one duplicated gene and the other
from another. In other words, actin gene is said to be paralogous. To construct
the superimposed tree mentioned, therefore, I actually used six gene trees in total
instead of five.

With respect to the muscle evolution of arthropods and chordates, the
result shows that while arthropod striated, urochordate smooth, and vertebrate
skeletal-cardiac muscles share a common ancestor, arthropod nonmuscle and
vertebrate smooth-non muscle share another common ancestor. The
superimposed tree also indicates that the emergence of skeletal-cardiac muscle
type tissues preceded the vertebrate and arthropod divergence (ca. 700 million
years ago). Somewhat surprisingly, vertebrate smooth muscles seem to have
evolved independently from other muscles. Furthermore, while skeletal muscles
are not monophyletic, cardiac and slow skeletal muscles make a clade. The result
finally implies that an ancestral form of skeletal muscle emerged probably as
early as vertebrate nonmuscle type tissue emerged.
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