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Fig. 1 Illustration of the pseudoknots

(a) A Simple pseudoknot (H-type pseudoknot). (b) A pseudoknot inside a multiloop. (c) A pseudoknot within a pseudoknot. (d) Overlapping

pseudoknots. B, is the penalty of generating a simple pseudoknot, g, is the penalty of the pair in a multiloop, B/ is the penalty of the pseudoknot within

a pseudoknot. and 3, is the penalty of paired base in a pseudoknot and S; is the penalty of non-paired base in a pseudoknot.
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Table 1 Testing sequences and features
Sequence Sequence type Length BP  Reference
100 tRNAs  tRNA (pseudoknot-free) ~ 70~82 18~20  [14]

100 5SrRNAs 5SrRNA (pseudoknot-free) 116~129 35~37  [15]

PseudoBase Pseudoknot 23~137 7~44 [16]
BBMV1 Virus RNA 116 38 [5]
BBMV2 Virus RNA 114 39 [5]

Bt-PrP mRNA 45 12 [13]
Biotin miRNA 61 12 [5]
CCMV1 Virus RNA 134 46 [5]
CCMV34 Virus RNA 134 46 [5]
Ec SI5 mRNA 67 17 [13]
TMVup Viral RNA 84 25 [5]
Tt-LSU-P3 mRNA 65 20 [13]

BEATHORR. MR AR A bR b3 44 M —A A S
J (Sprinzl tRNA database), FA11M F BE LI E T
100 /™ tRNA FrfEEdE .

Table 2 Comparison of the testing results of Mfold and StemFind on 100 tRNA sequences
and 100 5SrRNA sequences

tRNA SSrRNA
Average sensitivity Average specificity ~ Average sensitivity Average specificity
Mfold 64 60 62 61
StemFind 68 67 62 60

StemFind adopts the same energy model and parameters that Mfold uses.
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Table 3 Detail result on 10 sequences with pseudoknots

HotKnots ILM PKNOTS StemFind

No RNAname Length
SE SP K SE SP K SE SP K SE SP K
1 BBMV1 116 68 68 0/2 79 81 0/2 74 72 0/2 89 77 2/2
2 BBMV2 114 79 82 0/2 82 82 0/2 77 77 0/2 97 86 2/2
3 Biotin 61 83 50 2/2 83 53 2/2 58 33 0/2 92 58 2/2
4 Bt-PrP 45 42 38 0/2 42 33 0/2 50 46 0/2 100 80 2/2
5 CCMV1 134 80 84 0/2 80 84 0/2 80 80 0/2 82 79 2/2
6 CCMV34 134 82 86 0/2 82 86 0/2 69 70 0/2 84 85 2/2
7 EMV 80 73 59 172 50 50 0/2 73 62 12 73 64 172
8 Ec_S15 67 100 74 2/2 59 62 0/2 100 74 2/2 100 74 2/2
9 TMVup 84 52 62 0/6 52 65 0/6 52 68 0/6 84 78 4/6
10 Tt-SU-P3 65 95 100 12 80 80 0/2 55 61 0/2 95 100 172

Average 754 70.3 68.9 67.6 68.8 64.3 89.6 78.1

Here “K” =(number of correctly predicted pseudoknots)/(expected number of pseudoknots).
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Table 5 Detail results on sequences with different length

HotKnots ILM PKNOTS StemFind
bength Time(s) Memory(MB)  Time(s) Memory(MB)  Time(s) Memory(MB)  Time(s) Memory(MB)
50 0.08 1.1 0.01 0.5 8.4 452 0.5 0.5
100 8.1 1.9 0.03 0.7 745 146.5 3.4 0.6
200 79.1 47.8 0.08 1.3 120 563 1 045 36.4 1.1
300 207 78.5 3.4 2.1 * * 124 1.4
400 697 107 8.5 3.0 * * 432 2.9
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Abstract RNA secondary structure predicting is a classical problem in bioinformatics and the optimal algorithms
based on minimal free energy (MFE) criterion are the widely used methods. However, pseudoknots render the

problem of computing the RNA MFE structure with pseudoknot becomes a NP-hard problem. A heuristic

algorithm StemFind to predict RNA secondary structure with pseudoknot was presented. The algorithm regard
stem as the basic search unit, adopting heuristic search strategy, and search the most possible RNA secondary
structure in stem combination space. The StemFind algorithm to a large number of test sets was applied.
Performance evaluation demonstrates that StemFind not only outperforms the well-known optimal and heuristic

algorithms in overall sensitivity and specificity but also requires significantly less time than the optimal algorithm.
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