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1 Introduction.

Improved knowledge of RNA structure and function has many significant applications, in-
cluding efforts to cure numerous RNA-related diseases. For instance, understanding the
structural mechanism by which the RNA virus Hepatitis C controls the ribosome of an in-
fected cell [6] could lead to new drug targets to treat a disease which alone kills up to 10,000
Americans annually. In this work, we present the preliminary results from our analysis of
branching degrees in large RNA viral genomes, beginning with two examples of Hepatitis
C secondary structures. The motivation for these results is our theoretical analysis of RNA
folding which suggests that the locally favorable energies of branching loops are balanced by
the energetic cost of increasing numbers of hairpin structures.

2 Theoretical Analysis of RNA Branching.

Like many RNA molecules, the overall structure and function of Hepatitis C viral genomes
are significantly related to the base pairings of their secondary structure. Single-stranded
RNA sequences are understood to self-bond with a complex interplay between energetically
beneficial stacked base pairs and destabilizing single-stranded structures called “loops”. In
calculating the minimal free energy, the predicted secondary structure will balance the trade-
offs between minimizing loop energy costs while maximizing stacked base pairs. However,
there has previously been only a very limited analysis of the trade-offs within the types of
loops structures formed [1, 2, 3].

To begin, we observe an odd phenomenon regarding loops which contain k ≥ 3 base
pairs: the energy of these branching loops can be increasingly negative as a function of
k. This is due to the favorable stacking interactions between the base pairs and adjacent
single-stranded nucleotides in the loop, and also holds for the external loop (which has no
closing base pair). On first inspection, this observation suggests that, energetically speaking,
branching is locally favorable. But this contradicts the common understanding of loops as
destabilizing elements in RNA secondary structures!

Using a combinatorial model for RNA sequence folding, we resolve this apparent contra-
diction by completely characterizing the minimal and maximal loop energy configurations.
In this context, there are natural energy minima corresponding to structures which maximize
the number of loops containing three base pairs. Intuitively, the locally favorable free ener-
gies associated with branching loops are offset by the cost of producing more energetically
expensive hairpin structures. Concluding there is an energetic cost to the branching of RNA
secondary structures, despite the apparent benefit indicated by the energy functions [7] and
thermodynamic parameters [5], is consistent with observed RNA viral configurations [4].

1Genome Center of Wisconsin and Mathematics Department, University of Wisconsin – Madison,
Madison, WI, 53706-1580 E-mail: heitsch@math.wisc.edu



2

3 Preliminary Hepatitis C Branching Results.

To explore the validity of our theoretical conclusions, we computationally analyzed the pre-
dicted secondary structures of two Hepatitis C viral genomes: the China virus complete
genome (HCV–gen, 9400 bases, Genbank Accession No. L02836) and individual isolate
HC–J1 (HCV–j1, 9502 bases, No. D10749). Table 1 summarizes the breakdown of our pre-
liminary branching degree results. As expected, in both cases the majority of branching
loops contain k = 3 base pairs, and the numbers decrease rapidly with increasing k.

k = 1 2 3 4 5 6 7 8 9 10 · · · 31
HCV-gen 174 389 55 22 10 6 1 1∗ 0 1 · · · 0
HCV-j1 154 425 55 19 7 1 1 0 0 0 · · · 1∗

Table 1: Number of loops containing k base pairs (∗ denotes the external loop).

We are currently investigating the correlation of loops with high branching and motifs
with functional significance. A correlation could be interpreted as evidence of evolutionary
pressure overcoming the tendency towards low degree branching and would be consistent
with the fact that the viral backbone, which is known to be relatively undifferentiated,
contains large numbers of loops with little branching. We expect this and other related
work to advance understanding and applications by allowing us to distinguish RNA viral
substructures whose base pairings encode significant structural and functional information.
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