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RNA structure
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Primary Structure
>Mutant Rat 28S rRNA sarcin/ricin domain
GGUGCUCAGUAUGAGAAGAACCGCACC

Secondary Structure

>Mutant Rat 28S rRNA sarcin/ricin domain
GGUGCUCAGUAUGAGAAGAACCGCACC
CCCCCCCC.CCCCaaIIIIIIIIY

Tertiary Structure

Secondary Structure interactions and other
interactions like pseudoknots, hairpin-hairpin

interactions etc.




Structural alignment

Structural alignment attempts to establish
equivalences between two or more
polymer structures based on their shape
and three-dimensional conformation.

In contrast to simple structural superposition, where at least some equivalent
residues of the two structures are known, structural alignment does not
require prior knowledge of the equivalent positions.

Structural alignment has been used as a valuable tool for the comparison of
proteins, including the inference of evolutionary relationships between proteins

of remote sequence similarity.




RNA structure

Today, the PDB database contains more than 1,300 RNA structures.
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RNA structure datasets

RNA STRUCTURE™

RNA CHAINS

Non-Redundant RNA CHAINS™**

RNA CHAINS (20< Length <310)

HIGH RESOLUTION RNA SET***

* from PDB November 06.

** non-redundant 95% sequence identity
*** Resolution below 4.0 A and with no missing backbone atoms.




Dataset distribution
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Atom selection

30

The best backbone atom that 25
represents the RNA structure

has been selected by evaluating ¢
the distribution of the distances &*
between consecutive atoms in 10-
structures from the NR95 set.
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Unit Vector |

Representation

-
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A Unit Vector is the normalized vector between two successive C3’ atoms.

For each position /i consider the k consecutive vectors, which will be mapped into a unit
sphere representing the local structure of k residues.

Ortiz et al. Proteins 2002




Unit Vector I
WS

Scoring

URMSR:J20—284

Jk

A(URMS® ,URMS")

_ (URMS™ —URMS")
/ URMS"

AURMS" ,URMS") =10 = URMS" > URMS"
A(URMS" ,URMS")=0= URMS" <URMS"

For each position i, the k consecutive unit vectors are grouped and aligned to the |
set of unit vectors. Each pair of aligned unit vectors will be evaluated by calculating

Unit Root Mean Square distance (URMSH).

The obtained URMS values are compared the minimum expected URMS distance
between two random set of k unit vectors (URMSR).

The alignment score is than calculated normalizing URMS! to the URMSR value.
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Alignment

Sq/St 1 -
S/St2

D, *SCOre
Déj:min< :)i'1,j-1+Score(ri,rj)
L :)i-1,j+SCO re (ri,A)

— Best alignment score

Backtracking to get the best alignment

A Dynamic Programming procedure is then applied to search for the optimal structural
alignment using a global alignment with zero end gap penalties.

The maximum subset of local structures that have their corresponding C3’ within 3.5 A
In the space are evaluated. The number of close atoms is used to evaluate the
percentage of structural identity (PSI) using a variant of the MaxSub algorithm.




Random RNA structures

In order to build a background distribution that reproduce the scores given by the
structural alignments of unrelated RNA sequences, we generated a set 300 random
RNA sequences and structures with sequence length uniformly distributed between 20
and 320 nucleotides.

The RNA backbone can be described given
the 6 torsion angle (a,B,y,9,€,() for each
nucleotide.

The RNA backbone is rotameric and only 42
conformation have been described from a
set 0 high resolution structures .

According to this observation we generated
the 300 structures, randomly selecting the
backbone angles among the 42 possible
conformations.




Background distribution

Considering a dataset of 300 random RNA structures, we have produced ~45,000
pairwise alignments that resulted in a empirical distribution. From such distribution
we can then evaluate 1 and o needed to calculated the p-value for P(s>=x).

Empirical Analytic
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Karlin and Altschul, 1990 PNAS 87, pp2264




Mean and sigma

The score distribution depends on the length of the molecule.

We divided the resulting structural
alignments (~45,000) in 30 bins
according to the minimum sequence
length of the two random structures (N).

For each bin the p and o values are
evaluated fitting the data to an EVD.

The relations between N and |, O
values are extrapolate fitting them to a
power low function (r=0.99).

50 100 150 200 250 300
N (Length of the shorter RNA structure)




Optimization

The accuracy of the method here presented depends of a large number of
parameters. We optimized the method performing a grid-like search, over
about 49,000 possible alignments between the chains in NR95 set,
considering:

e C3’ and P backbone atoms for the unit vectors evaluation,
e k number of consecutive unit vectors, spamming from 3 to 9 and,
e values of gap opening from -8 to -6 and gap extension for -1.0 to —0.2

The best parameters corresponded to the use of 7 consecutive C3’
atoms using an opening gap penalty of -7.0 and extension gap penalty
of -0.45.




PSI distribution

all-against-all comparison of structures in the NR95 set
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Statistical significance

all-against-all comparison of structures in the NR95 set
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Comparison with ARTS

all-against-all comparison of structures in the HR set

16.00
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Difference in aligned nulceotides
Difference in aligned base-pairs

Frequency

ARTS S SARA

Percentage of structural identity (PSI) 76.9% } ZA\ Percentage of structural identity (PSI) 92.6%
Percentage of sequence identity 25.0% W7 7 Percentage of sequence identity 48.0%
Percentage of SSE identity 87.5% \ Percentage of SSE identity 100.0%

RMSD 3.54A PR N\ - &Sy RMSD2.12A

>1996 Chain:A

>1un6 Chain:E . >1un6 Chain:E
ccggccacaccuacggggccugguua-guaccug-ggaaaccu-gggaauaccaggugecgec | gceggecacaccuacggggocugguuaguacc-ugggaaaccugggaauaccaggugecggc




Conclusions

e The C3'—trace is a good representation of the RNA structure.

e The all-against-all alignments among the 300 random RNA structures provides a
good set for generating a background distribution needed for calculating a p-value
significance of the alignments. P-values larger than 5 are useful to detect reliable

alignments.

e Our algorithm results in higher accuracy alignments than those produced by
ARTS. For 226 pairs of structures that aligned with a -LN(p-value) > 5.0, SARA
results in ~45% of alignments with higher number of alighed nucleotides and ~14%
with higher number of aligned base-pairs than those by ARTS.
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