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Abstract

It has become clear recently that there are many RNAs
that are not translated into proteins, instead they work as
functional molecules. These RNAs are called “non-coding
RNAs.” Predicting the secondary structure of these RNAs
is important for understanding their functions. We focus
on Nussinov’s algorithm and the SCFG version of Nussi-
nov’s algorithm as useful techniques for predicting RNA
secondary structures. We introduce a new scoring table and
loop length restriction to improve these algorithms. and the
improved algorithms provided better levels of performance
than the originals.

1. Introduction

There are two main conventional algorithms for the pre-
diction of RNA’s secondary structures. They are Nussinov’s
algorithm [5] and Zuker’s algorithm [6]. In this paper, we
focus on Nussinov’s algorithm. This algorithm utilizes dy-
namic programming to search for remote base pairs.

The Nussinov Algorithm and Nussinov Algorithm using
SCFG [1, 2, 3, 4] have some problems. One problem is
that the alogorithm only considers the maximum number of
base pairs when searching for an optimal structure. Hence,
even if the predicted loops are short, the algorithm tends
to make base pairs. In the real world, since short loops are
often thermodynamically unstable structures, we will obtain
many incorrect structures.

Another problem with the Nussinov algorithm is that it
only takes regular base pairs into consideration. The reg-
ular base pair, Adenin-Uracil, Guanine-Cytosine, has 2 or
3 hydrogen bonds. By contrast, the non-regular base pair,
Guanin-Uracil, has two hydrogen bonds and there is re-
bounding between an oxygen and an oxygen. The scoring
table used by the Nussinov algorithm, however, only counts
regular base pairs and equate A-U with G-C.

2. Methods

To compensate for above two problems and obtain high
levels of performance when predicting secondary struc-
tures, we add a new scoring table and control the loop’s
minimum length.

In the loop length problem, we ensured that loop length
was six or more. In the scoring table, in proportion to the
number of hydrogen bonds, we give 2 and 3 for the regular
base pairs, respectively, and 1 for the G-U non-regular base
pair considering the oxygen-oxygen rebounding, and -1 to
the other combinations. Based on these restrictions and the
scoring table, we predicted the secondary structure of RNA
with the Nussinov algorithm and the Nussinov algorithm
using SCFG.

3. Results and Discussion

3.1. Experimental Setting

We predicted the structure of 20 non-coding RNA se-
quences taken from various web sites. Their lengths were
21-38 bases. For the experiment, we used the original
Nussinov and improved Nussinov algorithm, as well as the
Nussinov algorithm using SCFG, and the improved Nussi-
nov algorithm using SCFG.

3.2. Evaluation Methods

Their algorithms were evaluated by accuracy, F-
measure, and shape evaluation. Accuracy is the prediction
rate showing whether the position is a base pair or a part
of a loop. The F-measure is defined as a harmonic average
of the precision and recall. The evaluation by the shapes
assigns five levels to the result structures. The evaluation
levels are: Perfect match: 5, Having one mistake related
to the loop or bulge: 4, Having two mistakes related to the
loop or bulge: 3, The number of hairpin loops is the same
as the actual structure: 2, No match: 1.
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Table 1. Accuracy, F-measure, Shape Evaluation for NA, NB, SA and SB
NA NB SA SB

Seq No. Acc. / F / Shape Acc. / F / Shape lp gu Acc. / F / Shape Acc. / F / Shape lp gu
1 0.346 / 0.166 / 1 0.692 / 0.555 / 2 O 0.769 / 0.625 / 2 1.000 / 1.000 / 5 O O
2 0.862 / 0.666 / 2 0.896 / 0.727 / 3 O O 0.896 / 0.727 / 3 1.000 / 1.000 / 5 O
3 0.517 / 0.375 / 1 0.724 / 0.636 / 2 O 0.655 / 0.555 / 1 0.620 / 0.500 / 1
4 0.761 / 0.777 / 1 0.714 / 0.666 / 3 0.904 / 0.888 / 4 0.714 / 0.666 / 3
5 0.473 / 0.000 / 1 0.894 / 0.833 / 4 O 1.000 / 1.000 / 5 1.000 / 1.000 / 5
6 0.685 / 0.375 / 1 0.885 / 0.777 / 3 O O 0.628 / 0.333 / 1 0.885 / 0.777 / 4 O O
7 0.428 / 0.272 / 1 0.714 / 0.642 / 1 O 0.657 / 0.538 / 1 0.657 / 0.657 / 1
8 0.454 / 0.428 / 1 0.696 / 0.666 / 1 O 0.878 / 0.875 / 1 0.818 / 0.785 / 3
9 0.538 / 0.000 / 1 0.794 / 0.428 / 2 O O 0.538 / 0.100 / 1 0.794 / 0.333 / 1 O
10 0.380 / 0.142 / 1 0.619 / 0.500 / 2 O O 0.428 / 0.444 / 1 0.619 / 0.500 / 2 O O
11 0.538 / 0.200 / 1 1.000 / 1.000 / 5 O O 0.692 / 0.428 / 1 1.000 / 1.000 / 5 O O
12 0.461 / 0.250 / 1 0.923 / 0.900 / 3 O O 0.538 / 0.333 / 1 0.923 / 0.888 / 2 O
13 0.615 / 0.333 / 1 1.000 / 1.000 / 5 O O 0.769 / 0.625 / 2 0.923 / 0.875 / 2 O O
14 0.692 / 0.400 / 1 1.000 / 1.000 / 5 O O 0.692 / 0.333 / 1 1.000 / 1.000 / 5 O O
15 0.653 / 0.428 / 1 1.000 / 1.000 / 5 O O 0.692 / 0.500 / 1 0.692 / 0.500 / 2 O O
16 0.375 / 0.250 / 2 0.575 / 0.588 / 1 0.525 / 0.562 / 2 0.450 / 0.400 / 2
17 0.629 / 0.600 / 1 0.629 / 0.500 / 1 0.518 / 0.333 / 1 0.518 / 0.333 / 1
18 0.523 / 0.400 / 1 0.904 / 0.875 / 4 O 1.000 / 1.000 / 5 1.000 / 1.000 / 5
19 0.208 / 0.111 / 1 0.291 / 0.384 / 1 O 0.750 / 0.750 / 2 0.833 / 0.833 / 3
20 0.416 / 0.500 / 1 0.500 / 0.545 / 1 0.500 / 0.600 / 1 0.333 / 0.363 / 1

avg. 0.527 / 0.333 / 1.1 0.772 / 0.711 / 2.7 0.701 / 0.577 /1.85 0.787 / 0.714 / 2.9

3.3. Experimental Results

We compared results obtained with the original Nussinov
(NA), the improved Nussinov (NB), the original Nussinov
using SCFG (SA), and the improved Nussinov using SCFG
(SB).

Their results are shown in Table 1. On average, the F-
measure rises from 0.333 to 0.711 due to the improvements
from NA to NB. Moreover, the F-measure rises from 0.577
to 0.714 due to the improvements from SA to SB. Accu-
racy evaluation shows similar results. In Table 1, “O”s in
“lp” and “gu” columns indicate sequences that obtain higher
F-measure owing to loop restriction and considering G-U
pairs, respectively. In the improvements from NA to NB,
the F-measure of 11 in 18 sequences increased owing to
loop restriction, and the F-measure 9 sequence increased
owing to considering G-U pair. Moreover, in the improve-
ments from SA to SB, the F-measure of 6 in 11 sequences
increased with loop restriction and the F-measure of 9 se-
quences increased with considering G-U pairs.

This indicates that our method outperforms the original
Nussinov algorithm and Nussinov algorithm using SCFG.

4. Conclusion

We presented an improved Nussinov algorithm for the
prediction of RNA secondary structure. Our experimental

results indicate that this scoring approach and method work
well.
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