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The long range ettect of SNPs on RNA-protein binding

INTRODUCTION

RNA-protein binding is mediated by RNA secondary
structure, since many proteins cannot bind to base-paired
RNA. Changes in secondary structure can have long range
effects, if one binding event changes the secondary
structure in such a way that it is easier for another binding
event to proceed. In this study we investigate the effect of
single nucleotide polymorphisms (SNPs) on RNA-protein
binding.

SNPs:

 SNPs are variations of a single nucleotide in a genome
that appear in a certain fraction of the population

Missense SNPs in coding regions are usually
associated with disease

SNPs are also abundant in non-coding regions and the
effect of these SNPs is less well understood

Cooperative RNA-protein binding:

 When proteins bind to RNA they affect the RNA
secondary structure

Secondary structure changes may make it easier or
harder for something else to interact with the RNA [1]

Changes in the sequence of an RNA, such as a SNP,
will also change the secondary structure of RNA

We hypothesize SNPs can effect protein binding even
if the SNP is not directly in the protein binding footprint

We hypothesize that SNPs that negatively effect
protein binding through changes in RNA secondary
structure may be selected against by evolution
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In this study we aim to investigate the secondary structure
mediated effect of single nucleotide polymorphisms on
RNA-protein binding, in particular non-coding SNPs.

Interactions between SNPs and protein binding

Quantitatively measuring the effect of
SNPs on protein binding

In this project we began by showing that SNPs have an
effect on protein binding by measuring the effect on random
sequences.

If a SNP is present the RNA will have different free
energies, and different free energy changes for a protein
to bind AG; and AGgyp

The effect of SNPs on protein binding is quantified by
AAG, the difference in the differences between the
energy states

Free energies are derived from the Vienna Package [2],
using hard constraints to simulate bound proteins

f the presence of the SNP is cooperative with the protein
pinding, then it will be easier (or harder) for the protein to
nind when the SNP is present than when it is absent
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We show that SNPs can have a significant effect on the
binding of proteins to random sequences, with a standard
deviation in AAG on the order of 1 kcal/mol even tens of
nucleotides away from the protein footprint.
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Effect of SNPs on HuR binding

We measure the effect of actual SNPs on actual protein
binding sites in humans.

We map known SNP locations and PAR-CLIP data for
HuR (ELAVL1) binding sites to RNA transcripts [3][4]
Using a modified version of the Vienna Package [9], we
are able to determine the K, of proteins binding to real
RNA sequences

We are able to measure the change in K, at HUR binding
sites with and without a nearby SNP, and take a ratio of
the two to see the strength of the effect
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We find that SNPs can have a many fold effect on the K, of
HuR to binding sites on specific RNA transcripts
SNPs are visibly depreciated on HuR binding motifs
We find that the distance distributions for SNPs with
different effect strengths are very similar

SNPs may be under selection

We have shown that SNPs have the ability to affect RNA-
protein interactions, but we want to know if this effect has
functional relevance

In the null hypothesis where SNPs do not play a functional
role, we would expect SNPs raise and lower protein
affinities at equal rates, but we in fact see a significant
asymmetry (p<10E-28)

We find that SNPs that make binding easier are over-
represented, and have larger effect sizes, indicating that
SNPs that make binding harder may be under negative
selection
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CONCLUSIONS

We have shown that SNPs can act at a distance, through
RNA secondary structure, on RNA-protein binding
interactions. Due to this effect, SNPs can have a many-
fold effect on the K, of HUR binding to RNA transcripts.

FUTURE PLANS

In the future we plan to further asses the biological
relevance of this effect both on a genome wide level and
at HuR sites that are most affected.
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