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ANY 2D structure has very small probability
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Base Pairing Probabilities
representing alternative strcutures

P, j)=P((i,j))eo |x)= > P(o|x)
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Iand1s[c);ape Probability on Hamming distance
from a reference structure
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RNAbor: Freyhult E et al., Bioinformatics. 2007; 23(16):2054-62.
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Definition of Hamming distance of
2D structures
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1D
landscape  Credibility limit of a 2D structure
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Credibility limits found a wrong classification

Hammerhead ribozyme HH9
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S0% Credibility Limit
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Iand1s[c);ape Probability over Hamming distance
from a reference structure
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landifgape Probability over Hamming distances
from two reference structures

Fasb:

Each peak is located near x or y axe.
Two clusters are found.

Distance |
from i
Structurel B Distance from Structure2

SAM

RNA2Dfold: Vienna RNA Package 2.0. Algorithms Mol Biol. 2011; 6:26

RintD: Mori R et al., BMC genomics 2014, 15 Suppl 10: 12
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Dynamic Programming for Partition Function

McCaskill (1990), Biopolymers. 1990, 29 (6-7): 1105-19
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Dynamic Programming for Partition Function

McCaskill (1990), Biopolymers. 1990, 29 (6-7): 1105-19

McCaskill Algorithm corresponds to INSIDE Algorithm of SCFG
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DP on polynomials
for partition function over Hamming distance
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Calculating partition function over Hamming distance

Normal DP Proposed DP
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Calculating partition function over Hamming distance
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DP on polynomials
for partition function over Hamming distance
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DP on polynomials
for partition function over Hamming distance
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Calculating partition function over Hamming distance
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Calculating partition function over Hamming distance
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Hamming distances from two ref. structures
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Representative 2D structures of the clusters
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RNAborMEA: Clote P et al., BMC Bioinformatics. 2012; 13 Suppl 5:6.
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Representative 2D structures of the clusters

It looked easy by using Integer Programming.

Exact calculation  Exact DP should be possible, suggested
by Risa Kawaguchi in private discussion during

Benasque RNA 2015

Based on sampling

RNAborMEA: Clote P et al., BMC Bioinformatics. 2012; 13 Suppl 5:6.
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Representative 2D structures of the clusters

Based on Exact DP calculation of base-paring probabilities

Based on sampling

RNAborMEA: Clote P et al., BMC Bioinformatics. 2012; 13 Suppl 5:6.
RintW: Taichi Hagio et al., BMC bioinformatics 2018, 19(Suppl 1):38



Posterior decoding for Maximum Expected Accuracy

v-centroid estimator

‘U (r+1) P(bp) CentroidFold
i+1,j-1
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M,
nax, [Mi,k + M, ; ]

Hamada et al. Bioinformatics 25(4), 2009
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Overview of our method

RNA sequence
CUUUCGGGUCCCCAUUGC
AGCCCCCGGAUGAG*****

distribution

y-centroid
estimate

Calculate existence

y-centroid
estimate

A B
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McCaskill algorithm of BPPs
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Base Pairing Probability (BPP)

P, j)=P(, j)ec’ |x)= Y P(o]|x) N
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Zl,L : Partition function of the whole sequence

ij : Inside partition function (w.r.t. (i,j) base-pair)

Wf;. : Outside partition function (w.r.t. (7, 7) base-pair)
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Base Pairing Probability (BPP)

Z1,L : Partition function of the whole sequence

Zﬁ’j : Inside partition function (w.r.t. (i,j) base-pair)

Wzt; : Outside partition function (w.r.t. (4, 7) base-pair)
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Dynamic Programming for Partition Function

McCaskill (1990), Biopolymers. 1990, 29 (6-7)
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DP algorithm of outside partition function

b V(i
W, =2Z1i-1Z;+1,0.T% (4,3)
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This algorithm corresponds to outside algorithm of SCFG.
The DP includes inside partition function in the formulae.

Direct DP for BPP is presented in McCaskill's original paper,

but here we present explicit formula for outside partition function.
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DP on polynomials for outside partition function
over Homming distance
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DP on polynomials for outside partition function
over Homming distance
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DP on polynomials for outside partition function
over Homming distance
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DP on polynomials for outside partition function
over Homming distance
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DP on polynomials for outside partition function
over Homming distance
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DP on polynomials for outside partition function
over Homming distance
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DP on polynomials for outside partition function
over Homming distance
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DP on polynomials for outside partition function
over Homming distance
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DP on polynomials for outside partition function
over Homming distance
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Gain functions
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Base-pairing probability
of specified region of Hamming distance
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Calculating partition function over Hamming distance

Amax N - —— -l
1N = - .
w(d,0) = ) w(s,0)5u 122 dmax dmin? 1
§=dmin
Amax dmax cXp [27” 4S Ad) ]
- Yweo Y
A DP on complex numbers
S=dmin ’—dmm
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Computational complexity

Polynomial DFT
-+ 1D analysis

-+ Time: O(n% ->  O(nd)

-+ Memory : O(n?) >  O(nd)
& 2D analysis

-+ Time: O(n°) ->  O(nd

-+ Memory : O(n?) ->  O(n%
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Concluding remarks

e Algorithm to calculate RNA base-pairing probabilities
over Hamming distance has been shown.

* Implemented software, RintW, utilizes DP on
polynomials and DFT for efficient calculation.
— O(L* Hmax) in time, O(L3) in memory

e Using RintW, alternative 2D structures of RNA are
represented for RNA thermometer and Lysin Riboswitch.

* The web server is available in
http://rtoos.cbrc.jp/
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