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What is an ARE (good for?)

• AU rich element

• Cis-acting regulatory elements found at 3‘UTR

• In ~7% of human protein coding genes

• Known to play a role in mRNA stability

• Core motif AUUUA



5‘ 3‘UTR CDS …AUUUA…



5‘ 3‘UTR CDS …AUUUA…

ARE binding protein
Auf1,HuR,TTP,…



5‘ 3‘UTR CDS …AUUUA…

ARE binding protein
Auf1,HuR,TTP,…

Degradation/ 
Stabilization



ARE binding proteins

• TTP -> Kovarik Lab -> TTP ko mouse

• HuR, Auf1 -> best studied

• Most prominent target TNFα -> cancer



Making of

• Ensembl release 56 -> database in background

• Only genes from human and mouse with:

- At least one transcript containing a 3‘UTR

- If more -> representing transcript ->

The one with the most AUUUA counts



Accessibility

• RNAplfold: standard settings (w= 80, L= 40 ) 
for structural context in direct neighbourhood

• Settings provided by Hakim (w= 240,L= 160) 
for mid-range context

• SVG: accessibility for core motifs



Phylogenetic analysis

• One2one orthologs

• Genomic alignments -> maf blocks from UCSC, 
do not know if same transcripts in other
species

• On transcript level -> Ensembl gene orthology
pipeline, less data

• Phylogenetic tree











The tree below summarizes the conservation pattern of the detected ARE motifs. 
Circles indicate genomic MAF alignments, while boxes are used transcript alignments. 
Signs in grey indicate that the sequence is present in the alignment, but the 
correpsonding ARE pattern was not detected.



So far

• Release 1 done

• Published in NAR 

Gruber AR, Fallmann J, Kratochvill F, Kovarik P, Hofacker IL (2010). 

"AREsite: a database for the comprehensive investigation of AU-rich
elements.". Nucleic Acids Res 39 (Database issue): D66-9. 
doi:10.1093/nar/gkq990. PMID 21071424.

http://en.wikipedia.org/wiki/Digital_object_identifier
http://dx.doi.org/10.1093/nar/gkq990
http://dx.doi.org/10.1093/nar/gkq990
http://dx.doi.org/10.1093/nar/gkq990
http://en.wikipedia.org/wiki/PubMed_Identifier
http://www.ncbi.nlm.nih.gov/pubmed/21071424


ToDo

• Generate some (relevant) information

– Statistics on my data

– Influence of already bound proteins or miRNA on 
accessibility -> constraint folding with RNAplfold

– Literature search for proteins with ARE binding
domains, which, where and how much

– Have a look at crystal structures to see how they
bind, may be similar motifs -> HuR seems to
simply bind U-oligos



Efficient use of accessibility in 
microRNA target prediction

• Published online 30 August 2010 Nucleic Acids 
Research, 2011, Vol. 39, No. 1 19–29

• doi:10.1093/nar/gkq768

• Ray M. Marín and Jirí Vaníček



Hypothesis
• ARE binding proteins bind to single strand

motifs

• Higher accessibility means better target

• Implement algorithm of Marín and Vaníček to
get one comparable number for accessibility
and count of motif sites



Summary

• Partial complementarity sufficient

=> target prediction non-trivial

Strategies so far:

• Hybridization energy

• Conservation among 3‘ UTRs

• Accessibility



Hybridization energy

• Selection of strongest interaction

• Strongest physical interaction is most likely to
be functional?



Conservation

• If important -> conserved

• Sometimes not enough, miRNAs can act on 
non conserved regions



Accessibility

• Without (partial) accessibility no interaction

• TotalFreeEnergy TFE = opening + hybridization

• Does not incorporate protein – RNA energy
contributions to interactions -> ToDo?!



New approach

• Rank of motifs according to their

over – representation and accessibility
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Where:
P = prob to find n-mer by chance at least c times -> MM based on composition
l = length of 3‘ UTR
n = number of nucleotides in the seed (= motif length)
c = occurence of the motif

the p-value is the probability of obtaining a test statistic at least as extreme as the one 
that was actually observed, assuming that the null hypothesis is true
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caccess = occurence of accessible motifs (u5 < 1kJ now)

taccess = total number of accessible nucleotides with u5 < 1kJ 



Results

• We get a ranking of transcripts

• Low PSH should mean highly regulated by AREs

• A lot of statistics to do
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