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1 What it is

Phylogenetic alignment is a powerful tool used for inferring phlogenetic trees from multiple sequence align-
ments. In particular, this type of alignment can identify the parts of the sequences that have been evolu-
tionarily conserved, and mark these as common between species. An important application of phylogenetic
alignment is the alignment of viruses, HIV for example. AIDS is caused by two viruses–HIV-1, the cause of
the dangerous pandemic, and HIV-2, the less widespread and damaging of the two. Moreover, the Simian
Immunodeficiency Virus (SIV), a related virus has been detected in monkeys and apes. Phylogenetic align-
ment can be used to identify the “important” parts of the virus that can then be used in vaccine developement.

RNA secondary structure prediction is another tool that can be used to study biological function. DNA is
stable enough to study, although it doesn’t do much other than store information really well. In contrast,
protein has the interesting quality of being directly related to function, but the added complexity of a twenty
amino acid alphabet in proteins makes it difficult to work with on an information processing level. RNA,
however, is both stable and interesting with its four bases and folding properties.

Telegraph is a compiler for stochastic context-free grammars–grammars that allow us to produce phylo-
genetic alignments and probabilistically model RNA secondary structure. It will ultimately be able to com-
pile a file comprising a set of alphabets and a set of context free production rules associated with a probability.

Using these production rules, Telegraph generates a set of parse trees, each of which is given a cumula-
tive probability determined by the order of production rules yielding the particular parse.

While the rules may be written in any form, such as Chomsky normal form, the compiler will convert
them into RNA Normal Form, which is intended to favor emissions over bifurcation. RNA Normal Form
follows the format

1. L → R

2. L → RT

3. L → x1 y1 R x2 y2

where (1) is a transition from nonterminal L to nonterminal R, (2) is a bifurcation from nonterminal L to
nonterminals R and T, and (3) is a transition from nonterminal L to a nonterminal R flanked by at most one
terminal from each alphabet, x and y in this example. In the parse tree, the root nodes are nonterminals,
and the leaf node correspond to terminals of the alphabets.

The probabilities assigned to each production rule can be determined using such methods as the Inside-
Outside algorithm, which sums the probabilities over all the parse trees of the sequence.

2 What has been added

These functions all reside in tgcheck of the telegraph directory.
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• Checks if the grammar is in Chomsky Normal Form

• Checks if the grammar is in RNA Normal Form

• Checks if the grammar is right regular

• Checks for null rules

3 What still needs to be done

Telegraph still needs the following:

• Parameter-score Assignments

– We would need a way of filling in the substitution matrix based off of the assignment expressions
in the Telegraph file. For example, how would we represent subst[A1][A2]=0.5?

• Parameter Value Lookup. We would need the following input values:

1. A way of representing sequences internally, such as DNA1 and DNA2 in the example Telegraph
file. These sequences will most likely be implemented as C strings.

2. A tokenized representation for the sequences. This can be implemented using a structure encap-
sulating the length of the sequence and an integer representation of the sequence.

3. A way of coordinating the subsequences. This would need to be a pair of indices, the start and
the end. The indices would be pointing to the beginning of the starting token to the end of the
ending token. For example, if we were to refer to the first two tokens in the sequence, we would
use the pair (0,1).
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