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RNA functions
> Coding RNAs (Translation - mRNA)

> Non-coding RNAs

» tRNA: linking codons to aminoacids

> rBNA (ribosomalRNA): part of of the
ribosome, essential for protein
synthesis

» snRNA (Small nuclear RNA, ~ 150 nt):
splicing and other functions

> miRNA (microRNA, 21-22 nt):
regulation of gene expression
B ..

~ 97% are non-coding RNAs in eukaryotes
RNA can even act as genome (virus)
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> single-stranded polymer
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polymer made of nucleotides+backbone

» nucleotides: guanine (G), adenine (A), uracil

(U), cytosine (C)

» backbone: alternating sugar (ribose) and
phospat groups (related to phosphoric acid)
nucleotides are attached to sugar

» the nucleotides of polymer can bind (A-U,
C-G, G-U) via hydrogen bonds, i.e., unlike
DNA it is more often found in nature as a
single-strand folded unto itself, rather than a

paired double-strand.
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RNA can fold into complex 3D structures that are essential to its function(s).
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Three* levels of representation:

UUAGGCGGCCACAGC
GGUGGGGUUGCCUCC
CGUACCCAUCCCGAA
CACGGAAGAUAAGCC
CACCAGCGUUCCGGG
GAGUACUGGAGUGCG
CGAGCCUCUGGGAAA
CCCGGUUCGCCGCCA
CC

Primary structure
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Secondary structure

—

Tertiary structure
Source: 5s rRNA (PDB 1K73:B)
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A= {A, C,G,U} and B .= {AU, UA, GC, CG, GU, UG}

B
1

A primary structure (of length n) is a sequence s = s¢...8, € A",

A secondary structure . is a collection of ordered pairs (/,j), where 1 < i < j < n,
s.t. the following properties hold:

1. 1f (i,)),(k,1) € .#, thenitis not the case that i < k < j < I.
2. It(i,j),(k,)) e #andic (k,/)impliesthati=kandj= 1.
3. If(i,j) € ., thenj > i + 6, where 0 is a fixed integer and usually taken to be 3.

J=1{(2,20) , (2.22), B.24), B,22)

(12,24), (13,22), (1% ‘ﬂ)f
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DEF‘ A secondary structure .# for a given sequence s = s1 ... Sy € A" is a secondary
v —" " structure fullfilling in addition

4. If (i,j) € 7, then s;s; € B.
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Outer-planar graphs
Hamiltonian-path, A(G)<3, 2-connected™
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Non-crossing arc-annotated sequences*
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e Supporting intuitions

v . Different representations

J, ’ Common combinatorial structure
X '

Dot plots Non-crossing arc diagrams* * Additional steric constraints

Adjacency matrices™
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Define energy model for RNA that takes into account local energy contributions from
loop and stacking regions.

multi-branch loop

external loop

» More realistic: thermodynamics and statistical mechanics.
» Stability of an RNA sec.str. coincides with thermodynamic stability
» Quantified as the amount of free energy released/used by forming bp.



The Turner rules are a set of experimentally determined parameters which allow us to
predict the stability of RNA secondary structures.

Turner Energ-y Rules | RESET | | PRACTICE | | PRINT EXAM |
| ToP G )
|AU|CG‘GC|UA[GU‘UG
| AU | 0.9 | 1.8 | 953 | 11 \ 0.5 | 0.7 5 {_09
B | cG |-2.1 |-2.9 |-3.4 |-2.3 \ 1.5 | 1.5 :
0 GU 0.5
T [oc |17 2 [29 |18 |13 15
T | UA | 0.9 | 1.7 | 2.1 | 0.9 \ 0.7 | 0.5 G G “ L
!\?I [cu |[-00 [ 17 ] 21 [FooY[ -05 [ 05 A A
IOEE GU 07
[ue [ 09 [ 17 ][ 21 |[700 [ oB~faps -
c | (33 |
Bases in Internal Bulge Hairpin ua L)
Loop Loop Loop Loop GU -1.5
| 1 | 0 [ (33 | 0 U_.l 33
| 2 [ o8 |7 5.2 o CG -1.8
] 3 | 1.3 | 6 [ 7.4 / Cc | 133 |
¢ | 17 [ e | 33 AU 0.9 |
s | 21 | 74 @ U U 1.7
] 6 | 2.5 | 8.2 43 A C
\ 7 | 2.6 | 9.1 [ 4.1 GU
| 8 | 28 | 10 |4 5'C A3' RNA Free Energy:

10.5 |

https://www.kellevybioinfo.org/
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» F4 , stores the energy value of the thermodynamically most stable structure, its
Minimum Free Energy (MFE).

» traceback structure

» F;;: free energy of the opt. sub-struct. on the sub-seq. s;...s;.

> C;; : free energy of the opt. sub-struct. on the sub-seq. s;. .. s; given that / and j
form a base pair.

> M; ; : free energy of the opt. sub-struct. on the sub-seq. s; ... s; given that
Si ... sjis part of a multi-loop and has at least one "component”.

> M,.‘, ik free energy of the opt. sub-struct. on the sub-seq. s; ... s; given that
S ... Sjis part of a multi-loop and has exactly one component which has the
closing pair (i, h) for some h satisfying i < h <.
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http://rna.tbi.univie.ac.at/cgi-bin/RNAfold.cgi
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GGGGGUAUAGCUCAGUUGGUAGAGCGCUGCCUUUGCACGGCAGAUGUCAGGGGUUCGAGUCCCCUUACCUCCA
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-31.10 kcal/mol



