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RNA structural alignments via dual decomposition

KENGO SaTo, % Yukt Kato,t? Tatsuya Akursu, 3
KrvosH Asar™® and YASUBUMI SAKAKIBARA 112

‘We develop DAFS, a novel algorithm that simultaneously aligns and folds RNA
sequences based on maximizing expected accuracy of a predicted common sec-
ondary structure and its alignment. DAFS decomposes the pairwise structural
alignment problem into two independent secondary structure prediction prob-
lems and one pairwise (non-structural) alignment problem by the dual decom-
position technique, and maintains the consistency of a pairwise structural align-
ment by imposing penalties on inconsistent base pairs and alignment columns
that are iteratively updated. The experiments on publicly available datasets
showed that DAFS can produce reliable structural alignments from unaligned
sequences in terms of accuracy of common secondary structure prediction.
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2.1 Preliminaries
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Fig.1 An illustration of factorization of a probability distribution over a space of RNA structural
alignments.
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Fig.2 An illustration of the constraints of the IP formulation.
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Fig.3 The algorithm for predicting RNA structural alignments using dual decomposition.

2.5 0000000000000000
0000000000000000000000000000000000000000
00000000000000000000000000000000000000000
oooooooo

A0 BORNAOODD 200000000000000000000 p”0 AO
D00000000D0000 Y 000000000000000000000000
(AmDDDDDDDDDl4DBDDDDDDDDDDDDDDDDDp%wDDDD
0000000000000000 AD BOOOOOOOOOOOOO0O0O0D0O0000OO
00D 300000000000 p’0pY 0000000000 pip” 00000000

p’0p{y) DDDDOOOOOOOO pi*® 0000000000000 0000000

3. O O

0000000000 000000 pAFS 0000000000000 DO00NOnO
0 O Vienna RNA package!® 00000000 McCaskil 000000 000000
000000000000 Andronescu 00000000 DOO Boltzmann likelihood O

(© 2012 Information Processing Society of Japan



gooooooood
IPSJ SIG Technical Report

0000V 00000000000000000D00000000ProbCons® 000D O
DAFS 00000000 http://www.ncrna.org/software/dafs/ 00000000

3.1 0 O0OO

D0000000000 20000000 (i) sum-of-pairs score (SPS)?Y (ii) structure
conservation index (SCI)?® 000000000000 30000000 (jii) sensitivity
(SEN) (iv) positive predictive value (PPV) (v) Matthews correlation coefficient (MCC)
0000 RNAOODOOOOOOOOOOOooOoOogsSpSO0O0O0OO0OO0OooooOoOoO
0000000000000000000000000000SCIO RNAalifold® OO0
oooooooooooooobooooooooobooOoOob0O0 EAa0D0DOO0O0OCC00O0O0O
000000000000 E0DD0OSCl=E,./E0000000000000000
0000000000000 0ooOoO0OSENODODOOOOOOO0OooOoOOooooooo
ooooo Tp/(TP+FN)OPPVOOOOOUODOOOOOOOOOOUOODOOOOOOO

0 TP/(TP+FP)OMCCOODDOO0OOO0OO0D00000O
MCC — TP-TN — FN - FP

/(TP + FN)(TN + FP)(TP + FP)(TN + FN)’
000 TPOODOOOODOOOODOOO0O0ODOO000O0O00O0FP 0000000000

ooooooooooooooOoOoTNOOOOOOOOO0OoOOOOO0O0OooOoOOOO
OorNOOOOOCOOOOOO0OO0OO0OODODODODOOOCOOOO0O0O0000SENO PPV O
gooooooooooooMccoOoOoooooooooooooooooo

goooooooooooooooooooboooboooooobobooooooooDoDObD
00000000000000000000000000000000OCentroidAlifold®
gogobooobobooobboon

0000 (TIME) OO Intel Xeon E5450 (3.0GHz) 00 Linux OSOOO000O0O0OO
goboooobooobboooooooooobooooog

3.2 0000

DASFOOOODOOODOOD Murlet 000000 00000 Murlet 000000
0 Rfam” OD00O000 17000008 0000000000000 OOOOOOO0O
0000000000000 00a=4.007=0.200 =0.0107 = 6000

00000000000000 DAFS 000000 (i) PicXAA-R version 1.0'%); (i)
CentroidAlign version 1.00”; (iii) RAF version 1.0%); (iv) MAFFT version 6.861'" with
scarnapair (MAFFT-xinsi); (v) MKSCARNA version 2.129); (vi) LARA version 1.3.2a%; (vii)

Vol.2012-BIO-28 No.5
2012/3/28

01 Murlet 0000000O0O00OO0OO
Table 1 The results on the Murlet dataset.

SPS SCI SEN PPV MCC TIME

DAFS 0.75 0.46 0.67 0.77 0.71 416
PicXAA-R 0.78 0.48 0.65 0.78 0.70 167
CentroidAlign 0.78 0.48 0.62 0.80 0.69 169
RAF 0.75 0.46 0.68 0.75 0.71 4274
MAFFT-xinsi 0.79 0.53 0.64 0.80 0.71 401
MXSCARNA 0.75 0.44 0.65 0.78 0.70 152
LARA 0.75 0.50 0.62 0.78 0.68 5361
LocARNA 0.71 0.61 0.64 0.76 0.69 14540
CONTRAlign 0.77 0.41 0.57 0.83 0.66 169
ProbConsRNA 0.76 0.37 0.56 0.84 0.66 88
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