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RNA/DNA secondary structure
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Energy model: Nearest neighbour model

Hﬂll‘pln 10013 Lyngsg and Pedersen 2000
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External base
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LES




Energy model: Nearest neighbour model

Dirks et al. 2007

(T,

\-

Dirks et al. 2007

unique strands
¢ = 3 strands

A

AG(S) = z AG(D) + (c — 1) AG3ssoc
leS




The Nearest Neighbour model for RNA/DNA

Single stranded system

Dirks et al. 2007

. C
G
AG i A
C G
A T.C
T -
T A
AG c,C
A A
C C .. A
& Gy C
S’GT . CG A
G C A DA
A G C
3 z A Tg T G A
C T G
¢ e G
A C
AT
Hairpin loop Bulge
Stack Multiloop
Interior loop Exterior loop
leS

18 6



The Nearest Neighbour model for RNA/DNA

Single stranded system

Dirks et al. 2007

] A A
G
AG i A
C G
A T.C
T -
T A
A_G c,C
A A
C C .. A
T
. TC GTC C
S'G CG A
G C A A
A G C
3 z A Tg T G A
C T G
C AA TG G
A C
AT
Hairpin loop Bulge
Stack Multiloop
Interior loop Exterior loop
leS

Multi-stranded

L 4

I,

system of ¢ strands
Dirks et al. 2007

e

7

p—
\ )

unique strands

AG(S) = Z AG(D) +
l

(C . 1) AG3SsOcC

J

\
1

Initiation penalty

19 6



The Nearest Neighbour model for RNA/DNA

Single stranded system Multi-stranded system of ¢ strands
A A Dirks et al. 2007 Dirks et al. 2007
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Current state of art
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If sSnMFE structure is Symmetric (R > 1)
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If sSnMFE structure is Symmetric (R > 1)

Dirks et al. 2007 approach

Run the snMFE algorithm 3 Symmetry aware energy landscape

Is the snMFE structure S
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What is the maximum number of structures
we need to backtrack until scanning §,.?

In worst case

Upper bound U

N=¢ g (v(r)) — v(m)] + A5 = O(N?)

N: Number of bases

c: Number of strands

v(m): Maximum degree of symmetry given the ordering
o(.): Sum of divisors function

19



Unfavorable

AG(S)

Favorable

Symmetry naive energy landscape

snMFE

U =0 (N%)

20



If sSnMFE structure is Symmetric (R > 1)
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If sSnMFE structure is Symmetric (R > 1)
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Computational complexity of MFE algorithms

Single strand O(N3)
¢ = 0(1) unigue strands O(N3(c— 1)
¢ = 0(1) allowing repeated strands O(N*(c — 1)) ICALP 2025

Multiple strands, unbounded, O(N) strands NP — Complete

N bases, c¢ strands
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