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Retrotranspozoni: 'Trojanski konji' naših genov



https://www.khanacademy.org/science/high-school-biology/hs-molecular-genetics/hs-rna-and-protein-synthesis/a/intro-to-gene-expression-central-dogma
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Only a tiny part of human genome makes the mRNA recipes!

copyright @ 2012 University of Washington

This contains instructions for when and how the recipes are made.

The exons make the mRNA recipes.



P53: a protein protecting us from cancer



P53 gene in the human genome
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Retrotransposons are a common source of repetitive sequences 

Reece et al, Campbell Biology (10th Edition), 2013



Alus are primate-specific retrotransposons

Batzer et al, Nat Rev Gen 2002
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Alu elements in the human genome

Alu elements are stained in green

Bolzer et al, PLOS Biology, 2005



Many thousands of Alus contain sequences that can make exons

Zarnack et al, Cell, 2015 

Julian König,
IMB Mainz

Nick Luscombe
Crick Institute

Kathi Zarnack
Frankfurt U.



We use crosslinking and immunoprecipitation (CLIP) 
to identify protein-RNA interactions

I am a 
visual 

metapho
r

Lee et al, ‘An improved iCLIP protocol’, bioRxiv 2021

Also reports a protocol for input iCLIP control: Input-SP3



hnRNP C displaces U2AF65 from introns



hnRNP C displaces U2AF65 from introns

alternative Alu exon

Zarnack et al., Cell 2013



Alus resemble exons when in antisense orientation in introns

– cryptic 5’ and 3’ splice sites

– poly-U tracts

Alus contribute to ~5% of 
human alternative exons!

Alu elements are a source of new exons in primate

Sibley et al, Nat Rev Gen, 2016 



Alu exons create
aberrant transcripts

Alu exons create
alternative mRNA isoforms
that encode new proteins

We discovered a protein that masks the Alu-exons

Zarnack et al, Cell, 2015 

The ‘mask’ is attached to the U-tracts (such as UUUUUUUU) inside Alus



Alu exons create
alternative mRNA isoforms
that encode new proteins

Mutations can shorten U-tracts to unmask the Alu-exons

Mutations in U-tract unmask the Alu-exon, and thereby change the mRNA recipe

“Trojan horses” in our genes



A mutation in the hnRNP C binding site leads to neurologic disease

Zarnack et al, Cell, 2013 

Antisense Alu

SINE

PTS gene

gcactgataaagtttttttttgttgttgttgtttttttttttgagat ggagttccactctttttgcccaggctggaatggtg

gcactgat--------------------------------------- -----tccactctttttgcccaggctggaatggtg
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With additional mutations, beneficial Alu-exons can evolve 



Alu U-tracts are like a tunable dimmer controls for graduate evolution.
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Attig et al, eLife, 2016

UUUUUUUUUUUUUUU

Contribution towards the RNA recipes
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Haberman
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Attig



https://github.com/ulelab/peka

“Positional motif analysis reveals the extent of specificity of 
protein-RNA interactions observed by CLIP” Kuret et al., Genome 
biology, 2022

Klara Kuret

https://github.com/ulelab/peka


https://imaps.goodwright.com/apps/peka/

Kuret et al, Genome biology, 2022 



No cure available
Lifetime risk ±1/400 in UK

Mutations in >10 genes 
encoding 

RNA-binding proteins
can cause ALS

Amyotrophic lateral 
sclerosis (ALS)

Protein-RNA 
complexes

RNA duplex

miRNAs RNA-binding proteins

Neuronal regulatory 
functions

Long 3’UTRs of
neuronal mRNAs

up to 10000nt

AAAA

mRNAs are transported
to allow localised
protein synthesis



Measure
interactions

Which interactions drive the 
assembly of protein-RNA complexes?

Integrate layers of data

How do these 
interactions work?

Interpret 
mutations

How do mutations disrupt
protein-RNA complex assembly?

CLIP

https://flow.bio/

https://flow.bio/


Attig et al, Cell, 2018
Ule & Blencowe, Mol Cell, 2019



more at ulelab.info



This project has received funding from the European Research Council (ERC) 
under the European Union’s Seventh Framework Programme (617837-Translate) 
and Horizon 2020 research and innovation programme (835300-RNPdynamics)

Thank you!



Z vašo donacijo bo ASEF lahko še dalje omogočal nove priložnosti za 

mlade talente in povezoval Slovenijo s svetom.

Donirajte del dohodnine ASEFu

Kako oddati zahtevek:
1. Elektronsko prek portala eDavki. 

○ Vloga “Zahteva za namenitev dela dohodnine za donacije (Doh-Don)”. 
○ V vlogi vpišite naziv organizacije (Inštitut ASEF), 
○ davčno številko (84740175) in 
○ višino odstotka, ki ga namenjate (0,1, %, 0,2 %, … 1%).

2. Osebno ali po pošti pri pristojnem finančnem uradu z izpolnjevanjem fizične 

kopije dokumenta. Dokument lahko dobite danes pri nas.

● 1% dohodnine za financiranje upravičencev do donacij.
● Donacija dela dohodnine vas ne stane nič.
● Zadnji rok je 31. december 2023. 


