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Fig. 1 TINustration 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, 8, is the penalty of the pair in a multiloop, 8¢ is the penalty of the pseudoknot within

a pseudoknot. and B, is the penalty of paired base in a pseudoknot and B, 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
100tRNAs  tRNA (pseudoknot-free)  70~82 18~20
100 5StRNAs S5SrRNA (pseudoknot-free) 116~129 35~37

Reference
[14]
[15]

PseudoBase Pseudoknot 23~137 7~44 [16]
BBMV1 Virus RNA 116 38 [51
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 51
Ec_S15 mRNA 67 17 [13]
TMVup Viral RNA 84 25 [5]
Tt-LSU-P3 mRNA 65 20 [13]

BT L. WREk A HEs EE LR — AR
JZE (Sprinzl tRNA database), AT HBEHLAE T
100 ™ tRNA FRUEHEHE .

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

tRNA 5SrRNA
Average sensitivity ~ Average specificity ~ Average sensitivity ~ Average specificity
Mfold 64 62 61
StemFind 68 62 60

StemFind adopts the same energy model and parameters that Mfold uses.

MNE2FLUEFEH, EFRERNEEEAT,
StemFind f M &5 R (B RN ARR)FAMET
Mfold (# F # tRNAs L E T Mfold). XAEHE
YA T StemFind #RFENERHEZEF T &
/N E H BB TR ER).

32 ERAEREEETHIER
4 T #i & StemFind 76 AL 5 RE ) RNA

FHEMKIBE S, BRAVIE StemFind KIRE ALY 7
FASRAEMBERBAN 3 4. LRHE
EHWA, — 2 10 4% 8 H R 4 TR SR 1
10 B EREWFFIKBEMN 45 3 134 75%), 1E
ZLE FIOMHERL Rk 3 PR,

Table 3 Detail result on 10 sequences with pseudoknots

No RNAname Length HotKnots ILM PKNOTS StemFind
SE SP K SE SP K SE SP K SE Sp K
1 BBMVI 116 68 68 072 79 81 072 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 33 50 212 83 53 212 58 33 0/2 92 58 212
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 86 072 69 70 0/2 84 85 2/2
7 EMV 80 73 59 172 50 50 0/2 73 62 172 73 64 1/2
8 Ec_S15 67 100 74 2/2 59 62 072 100 74 2/2 100 74 212
9 TMVup 84 52 62 0/6 52 65 0/6 52 68 0/6 84 78 4/6
10 Tt-SU-P3 65 95 100 172 80 80 0/2 55 61 0/2 95 100 172

Average 75.4 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).

M 3 ATLLFE Y, StemFind 763X AR 4E L
FIT A R FI A HE R (89.6, 78.1)HH B & T HAd
=B ANAEMBESEZHTNE R L,
StemFind )% 5 th 2B AR T HoAth =Fp ik 4.

AT HATEMERAAFLE, BAMERT
FMREWREHEE. R AT PseudoBase. X
R— MRS SAEE. PseudoBase 77
16 3 % (f) RNA (8 3 rRNA, mRNA, tmRNA,
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snRNA, snoRNA, hnRNA, Viral ribosomal frameshifting FEXF AR A4 b StemFind F1 Pknots #8 b 5
signals, Ribozymes, Aptamers, Artificail moleculars AP E A ¥ B RS,
%). HHI PseudoBase 3L H 238 ML FS, #

& TR SR BT TR R 2 MR SR ER 7R X A Table 4 Summary of .testing results on pk168 set
%[ﬁ F_‘E EP[G- 717, E z‘ }},%T'* % Z: iﬁ % 'f/ff %J ?{ﬂ ” iﬁ % ST Average SE é;ensntlvny) %  Average SP ’(gpemﬂcny) %
KI5 7 51 Ja (R S AR K T 0.85 TR R 51, HotKnots 70 70

Ik B4R 10 SELEX 4% 50U R B4R LooPT A1 [ o "

LOOP3 X KT 800 A& /7 5B ATHI M RE &
E168 MREFFT(BRAMNIFRZ M PKI68 HiE4E, X 33 EFTHE

AR W BE AR 5 — AN PLMM 1E 2 3 StemFind 7 Linux ‘¥ & (Red Hat FC6) ] C++i&
U8, R 4 FrnBl A 4E PK168 H4E 4 1R K, fF£EHHN 2GHz, Cache 2§ 2M ) CPU |
g, HEAT, MREAE R AL A R RNA BFI(K

MFE 4 ATLUFE H StemFind ZEE2#R0.78) L8 BEIEE M 50~400), BT HEMIEIEATH FE R
FH T KA =Rk, 0 Pknots 7E BT HEZR(0.73) A ra] (CARD N BB AN 2= A) (DA MB 2 B8A4T). SE3e 45
AR LR, FINBRIITUNER 4 XS FHH RBRES.

Table 5 Detail results on sequences with different length

HotKnots ILM PKNOTS StemFind
Length Time(s) Memory(MB) Time(s) Memory(MB) Time(s) Memory(MB) i Time(s) Memory(MB)
50 0.08 1.1 0.01 0.5 8.4 452 0.5 0.5
100 8.1 19 0.03 0.7 745 146.5 34 0.6
200 79.1 478 0.08 13 120 563 1045 - 364 1.1
300 207 78.5 34 2.1 * * 124 1.4
400 697 107 8.5 30 * * 432 29

MEZ S ATLLES, StemFind MEEEEE S  AE T IEKE RNA “REMERH B BN
T Pknots F1 Hotknots. [AIRf StemFind & HMAF  HIEY RHEASRABRENRL B dised . BEm
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RERHEREARTEN, TRAERNEXY
BXBARE T M T HHAERNRWAK  StemFind AT R A 89 8 K KB e — BB LR
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MEZABERE, StemFind FrRAMRME  FEFREOREMPRE. Bl b ERERETE
REERBRTOEMEAST, HNREEE HAHAANEEEL, SEWEL, EEL
WA ERRIE TREEMHOTMER. BITA  RREHFH A EN R K E S RN E
AE A HKH T StemFind P MR K2 RN
StemFind {9 R @R EETRANET B daER s = ¥ #
ARZHHRE BN RE TR, X2
StemFind Fﬁ%};ﬁ E(]E%_x: é%fﬁﬁ . E ﬁﬁ}ﬁ%% 1 Walter A E., T.umer D 'H, I?im J, et al Coaxia.l stacking of FlelQixes
R REALILT R RIS, L8 e e
Z M1 StemFind FT R EME MM, XAMNE 9222
U\%E StemFind B‘Jg}ﬁ’ J&'—:‘T u%%}ﬁ{ﬂﬂﬁ E‘Z 2  Knudsen B, Hein J. RNA secondary structure prediction using
! — %, StemFind Fﬁ % 1 E Zufie §$§ﬁ$ X stochastic context-free grammars and evolutionary history.
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A Local-stem-search Algorithm to Predict The RNA Secondary Structure”

CHEN Xiang'*¥, BU Dong-Bo'?, ZHANG Fa'*), GAO Wen¥™
(" Key Laboratory of Intelligent Information Processing, The Chinese Academy of Sciences, Beijing 100190, China;
2 Institute of Computing Technology, The Chinese Academy of Sciences, Beijing 100190, China;
3 School of Electronic Engineering and Computer Science, Peking University, Beijing 100080, China;
9 Graduate University of The Chinese Academy of Sciences, Beijing 100049, China)

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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