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How the epitranscriptome is 
changing our world



What is the epitranscriptome?
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Guess!

RNA modification



>170 RNA modifications
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Modifications in DNA
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WHY?



Antiboby/Antigen interaction
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Problem with nucleic acids



Approximately 150 RNA modifications
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RNA vaccines

Katalin Kariko

Drew Weissman



Modified versus unmodified RNA
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Fast vaccines
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Development of personalized RNA-based cancer vaccines
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https://www.researchgate.net/figure/Fig-5-Development-of-personalized-RNA-based-cancer-vaccines-Tumor-samples-are_fig5_314102975


Challenges
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Problems with detection



Amount of starting material
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Current techniques
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Problem with antibody specificity 



What we do
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Antiboby/Antigen interaction
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Problem with nucleic acids



Innate immune pattern recognition receptors
(PRRs) discriminate self from non-self
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Charles Janeway

Polly Matzinger PRRs also react to damage or danger signals



dsRNA versus DNA
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Cellular dsRNA is hazardous.
Innate immune and RNAi trigger.
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Conversion of adenosine to inosine change the encoded protein
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ADAR proteins in vertebrates and in 
Drosophila

Active

Inactive

Active



Adenosine Deaminases acting on RNA (ADARs) 
edit A-to-I in dsRNA
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Alu repeat

‘site-specific’ ‘promiscuous’



Prevalence of A-to-I editing 
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Biological roles of ADARs

ADARs

Splicing
miRNA biogenesis

& targeting

Functioning of nervous system

Haematopoiesis 

Innate Immunity

Many cancers

Development

Editing dependent & independent roles of ADAR



Summary of ADAR mutant phenotypes in vertebrates and in 
Drosophila

Mutated gene dAdar -/- Adar1 -/- Adar2 -/-

Tissue CNS Liver Brain

Transcript  ? Alus elements          Gria2 Q/R (GluR2)

Phenotype        Behavior Hematopoiesis        Seizures, death by P20
Locomotion          Innate immunity

Neurodegeneration      Death by E12.5



hADAR1 versus hADAR2 tissue expression
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RNA editing of transcript encoding the 
GluR2 subunit of vertebrate glutamate 

AMPA receptors 



ADARB1 mutations in childhood seizures
EIMFS (epilepsy of infancy with migrating 
focal seizures)

‒ We have established a collaboration with Dr. Tiong Tan from the University of Melbourne 

and Dr. Mark Fitzgerald from Children's Hospital of Philadelphia, Dr. Riki Sukenik Halew, 

Meir Medical Center Israel,.

‒ hADAR2 variants were found in four patients (US patient now deceased) suffering with 

microcephaly, severe intellectual disability and seizures  

‒ Australian patient: biallelic mutation in ADAR2;  Lys367Asn,  Thr498Ala      

‒ US patient: homozygous mutation in ADAR2; Lys127Glu

‒ Israeli patient : homozygous mutation in ADAR2; Arg603Glu

‒ Iranian patients: homozygous mutation in ADAR2; Arg630Glu

homozygous mutation in ADAR2; Ala722Val

Mutation in KCNT1 also result in EIMSF

Tan et al. Am J Hum Genet. 2020, Maroofian et al. J Med Genet. 2021



Patients with ADARB1 variants 

Tan et al. Am J Hum Genet. 2020, 

Maroofian et al. J Med Genet. 2021



Locations of ADAR2 mutations in 
ADAR2 Variants

Tan et al. Am J Hum Genet. 2020, 

Maroofian et al. J Med Genet. 2021



Location of Variants

• dsRBD1 or deaminase domain in blue

• dsRNA substrate in , Zn2+ in 
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Matthews M. et al., Nature Structural & Molecular 
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Tan et al. Am J Hum Genet. 2020, 

Maroofian et al. J Med Genet. 2021



ADAR proteins in vertebrates and in 
Drosophila

Active

Inactive

Active





Combination of mutations in ADAR1
as found in AGS patients.

36



Innate immune system 
Pattern Recognition Receptor signalling



Rescue of Adar1 lethality by preventing innate immune 
sensing of intracellular dsRNA
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Mavs/IPS-1 knockout prevents all known 

signalling in this pathway.

Mannion, 2014; complete null, death 

E12.5. Double mutant with Mavs dies at 

birth.

Liddicot 2015; inactive mutant, death by 

E14.5. Double mutant with Mda5 has no 

phenotype.

Sun Hur 2018 demonstrated that 

transcripts encoding inverted Alus activate 

MDA5



Mavs -/- rescue of Adar1 -/- to birth 
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E12.5

Adar1 +/+ Adar1 -/- Adar1 -/-Mavs -/-

P0

Mannion et al. Cell Reports 2014



IU-dsRNA oligo reduces innate immune response in 
stressed Adar1; p53 MEF
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Inosine in RNA helps discriminate self from non-self
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Adar1-/- ;Mavs-/- (complete null) 



Pkr alone does not recue Adar

Major

?

Adapted from Lamers et al. Front. Immunol., 25 July 2019



Eif2ak2;Adar;Mavs 18days 
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Eif2ak2 deletion in Adar,Mavs rescues even when it is heterozygous!

PKR deletion phenotype



What is the inactive role of 
ADARs?



A → I editing in Drosophila melanogaster
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Recoding
64,8%

Silent
20,7%

UTRs
14,5%

Poly(A)+ RNA-Seq: 972 sites in 597 

transcripts

630 alter amino acids

201 silent

141 within UTRs

~20% of endogenous small RNAs bound to 

AGO2 are edited
Graveley et al. Nature 2011



High RNA editing in neurotransmitter receptor subunits.

• % editing at each site

• 50%

• 30%

• 30, 100, 95, 95, 100%

• 80, 50, 50%

• 10, 10, 50, 50, 80, 50%

• 50, 100, 20, 90, 10, 80%

• 90, 90%

• 5, 50, 50, 100%

• 40%

• 90%

• 50, 20, 30%

• 10%

• 80, 80, 100, 50, 30, 60%

• 50, 90, 50, 100%

• 30, 20%

• 15, 80, 90, 90, 20, 10%



GAL4-UAS system



Neurodegeneration is less severe in inactive 
Adar mutant and can be rescued by 
overexpression of inactive Adar protein

Anzer Khan



Conclusions

• ADARs are important dsRNA binding protein so the 
expression level of the protein is critical.

• ADARs role in innate immune response is maintained 
despite the evolution of very different pathways.
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