RNA Secondary Structure

\ DNA Structure
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* Phosphodiester bonds
(covalent) along backbone

* Hydrogen bonds between
base pairs

RNA Secondary Structure

RNA primary sequence

ACCGUCCGUGCUUAGAUAAAGAGAACUUUAUCCGCGCAUCCUCAUGCGCGGUUCUAAGGUGGGACGGU

RNA secondary structure
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tRNA Structure

tRNA primary sequence

GGCUACGUAGCUCAGUUGGUUAGAGCACAUCACUCAUAAUGAUGGGGUCACAGGUUCGAAUCCCGUCGUAGCCACC
A




Components of
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Sequence

Lots of Possible Structures for Each RNA

RNA primary sequence

UUGCGCGAAACGCCCUCGCGGGGCGCGCGCGC

Possible RNA secondary structures
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Two Approaches

* Maximize the number of basepairs in the structure
* Minimize the energy of the structure

RNA primary sequence

UUGCGCGAAACGCCCUCGCGGGGCGCGCGCGC

Possible RNA secondary structures
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Formulation as a Graph

RNA primary sequence

B;B,B3B,B:BB7.. By 2By 1ByByi1Bysz-By 2By 1ByByiByio- By By 1By

howpin_
loop
] i
ks
By tronch __ |
ronch __
8 e —
B21+—1Bn-2
B Bn-1
B, "
B: g, By, Bn.Bn-2 Bn

Optimal Substructure
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Score Table

|accucuccy |

GCUCUGCU

max

A
[ |

(4) | cucuec

+ €hasepair(GU)

(B) | cucuGcu

(C) |ccucuae

(D) *

P Q0 adn0aeaaac

mim

A G C U C U G C U

L-21

Score Table

AGCUCUGCU

N > T @ B = S @ T = B ) B 0 T =

P | o

Q|o|o

N|lo|o|o

d|lr|lo|lo|o
Alr|r|lo|lo|o
a|vVkr|lolo|lo |o
QRAIdV|kr[R|[R|Rr|O|O
Q(MvV|IdV|R(FR|IR|lO|lO|O
Qlw|NMV|P|Rr|Rr|O|lOo|lo o

U
AGCUCUGCU c
G
U
C
U
C
C
U U G
- A

P | o

Q|o|o

N|lo|o|o

d|lr|lo|lo|o
Alr|r|lo|lo|o
a|vVkr|lO[nmD|Oo |O
dlw|NMV|P|Rr|Rr|lO|lOo|lo|oO

Two Approaches

* Maximize the number of basepairs in the structure
* Minimize the energy of the structure

RNA primary sequence

UUGCGCGAAACGCCCUCGCGGGGCGCGCGCGC
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Energies of Components

Stacking Energies for base pairs

AU Cic GiC UiA GiU uUiG
AU -09 -18 23 -11 -1.1 -08
CiG -7 -29 -34 -23 -2.1 -14
GiC =21 -20 -29 -18 -19 -12
UiA -09 1.7 -21 -09 -1.0 -05
GiU -05 -1.2 -14 -08 -04 -02
uUiG -10 -19 -2.1 -141 -15 -04

Destabilizing Energies for Loops
Number of Bases 1 0 30

Intetal - 53 66 7.0 74
Bulge 39 48 65 6.3 6.7
Hairpin -- 44 53 6.1 6.5

Optimal Substructure

Wi j) represents minimum energy structure of sequence between indices /
and j such that the nucleotides at indices /and j basepair with each other

(Chaipin (> J) // hairpin loop
Cogering (B Joi+ 1, =)+ V(i+1,j-1) //stacking region
min (einteri()r (ia j’ i’7 J') + V(i', ]')) // interior IOOp

1

V N i+l<i'<j'<j—
(,7) =1 min (ebulge(i,j,i+1,j')+ V(i+1,j')) // bulge loop (3')

i+l<j'<j-1

. rlnlnl ebulge(i’ ja i" ] - 1) + V(i" J - 1)) // bulge loop (5')
i+l<i'<j-
_ Iln_inz(W(i +1,i")+ W(i'+1, j - 1)) // bifurcation
i+l<i'<j-
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Optimal Substructure

WAi.j) represents minimum energy structure of sequence between indices 7
and j such that the nucleotides at indices /and j may or may not basepair
with each other

W@i+1,j) //'i doesn't pair
W@, j-1 // j doesn't pair
W)= Vi, J) //i and j pair with each other
_minl(W(i,i') + W(i'+1,j)) //'i and j pair but not with each other
i<i'<j-
iand j pair with both iand j pair, but
idoesn't pair Jj doesn't pair each other not with each other
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