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Gene expression in eukaryotes
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Phylogenetic distribution of modified nucleosides in RNA originating from the 
three domains of life



• Cellular RNAs are post-transcriptionally modified in all life kingdoms

• RNA modification alters physico-chemical properties of nucleotides, including their 
conformation, polarity, hydrophobicity, chemical reactivity and base-pairing 
interactions

• RNA modification is performed by highly specific and regulated enzymatic 
mechanisms involving pure protein enzymes and catalytic RNA–protein complexes 
(RNPs)

• RNA modification is important for regulation of gene expression

• Transcription-wide RNA modification is dynamic and regulated cellular process

• Deregulation of RNA modification may lead to important human pathologies



1. RNA editing insertional & deletional

2. Base modifications multiple different types
substitutional RNA editing

Types of RNA modifications
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2. Base modifications multiple different types       
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Types of RNA editing

Insertion/deletion

Conversion

A I

C U

Insertion or deletion

U
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A unique mitochondrial DNA architecture: 
The kinetoplast
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RNA editing by trypanosomes: 
The mystery of missing genes

AUCCAGUAUUGUUUUUUAUGGUUUUUAUGUAGUGAGUUUGUUUUAUUUAUGGCG

ACCAGAGAGGAGAGUGAGGAAAGGCG

DNA

mRNA

Human

Yeast
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AAAAAUAAGUAUUUUGAUAUUAUUAAAGUAAAAGAGGAAUUUUGGGCGGAAGAGAAGG

AGACAGGAGAGGAAAUGAAGGAGAAAGGUUUUGAGAGGGGGGUUUUUUGAGGGGAGGA

AAAAGAAUUUUGAAUUUGAACUAUUUGUUUAAGUUAUGGGAGAGAAGCAAGGAGGAGA

AAAGUAGGGGAAUUUUGAGGAGAUUCUUGGGGAGAGGCGGGCGGGCGACGGCGGUUUU

GAAAACACCCAUUUUUAGGAGGAUAAGAGGGGAGAAAAGGGGAAAUGGAAUUGGGAAU

UGCCUUUGCCAAACUUUUAGAAGAAAGAGCAGGAAAGGUUAGGGGGAGGAGAGAAGAA

AGGGAAAGUUGUGAUUUUGGAGUUAUAGAAUAAGAUCAAAUAAGUUAAUAAUA
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AAAAAUAAGUAUUUUGAUAUUAUUAAAGUAAAAGAGGAAUUUUGGGCGGAAGAGAAGG

AGACAGGAGAGGAAAUGAAGGAGAAAGGUUUUGAGAGGGGGGUUUUUUGAGGGGAGGA

AAAAGAAUUUUGAAUUUGAACUAUUUGUUUAAGUUAUGGGAGAGAAGCAAGGAGGAGA

AAAGUAGGGGAAUUUUGAGGAGAUUCUUGGGGAGAGGCGGGCGGGCGACGGCGGUUUU

GAAAACACCCAUUUUUAGGAGGAUAAGAGGGGAGAAAAGGGGAAAUGGAAUUGGGAAU

UGCCUUUGCCAAACUUUUAGAAGAAAGAGCAGGAAAGGUUAGGGGGAGGAGAGAAGAA

AGGGAAAGUUGUGA**UUGGAGUUAUAGAAUAAGAUCAAAUAAGUUAAUAAUA

AAAAAUAAGUAUUUUGAUAUUAUUAAAGUAAAAGAGGAAUUUUGGGCGGAAGAGAAGG

AGACAGGAGAGGAAAUGAAGGAGAAAGGUUUUGAGAGGGGGGUUUUUUGAGGGGAGGA

AAAAGAAUUUUGAAUUUGAACUAUUUGUUUAAGUUAUGGGAGAGAAGCAAGGAGGAGA

AAAGUAGGGGAAUUUUGAGGAGAUUCUUGGGGAGAGGCGGGCGGGCGACGGCGGUUUU

GAAAACACCCAUUUUUAGGAGGAUAAGAGGGGAGAAAAGGGGAAAUGGAAUUGGGAAU

UGCCUUUGCCAAACUUUUAGAAGAAAGAGCAGGAAAGGUUAGGGGGAGGAGAGAAGAA

AGGGAAAGUUGuuUGuuA**UUGGAGUUAUAGAAUAAGAUCAAAUAAGUUAAUAAUA

AAAAAUAAGUAUUUUGAUAUUAUUAAAGUAAAAGAGGAAUUUUGGGCGGAAGAGAAGG

AGACAGGAGAGGAAAUGAAGGAGAAAGGUUUUGAGAGGGGGGUUUUUUGAGGGGAGGA

AAAAGAAUUUUGAAUUUGAACUAUUUGUUUAAGUUAUGGGAGAGAAGCAAGGAGGAGA

AAAGUAGGGGAAUUUUGAGGAGAUUCUUGGGGAGAGGCGGGCGGGCGACGGCGGUUUU

GAAAACACCCAUUUUUAGGAGGAUAAGAGGGGAGAAAAGGGGAAAUGGAAUUGGGAAU

UGCCUUUGCCAAACUUUUAGAAGAAAGAGCAGGAAAGGUUAGGGGGAGGAGAGAAGAA

AGuuGuuGAAAuuuG**GuuUGuuA**UUGGAGUUAUAGAAUAAGAUCAAAUAAGUUA

AUAAUA

AAAAAUAAGUAUUUUGAUAUUAUUAAAGUAAAAGAGGAAUUUUGGGCGGAAGAGAAGG

AGACAGGAGAGGAAAUGAAGGAGAAAGGUUUUGAGAGGGGGGUUUUUUGAGGGGAGGA

AAAAGAAUUUUGAAUUUGAACUAUUUGUUUAAGUUAUGGGAGAGAAGCAAGGAGGAGA

AAAGUAGGGGAAUUUUGAGGAGAUUCUUGGGGAGAGGCGGGCGGGCGACGGCGGUUUU

GAAAACACCCAUUUUUAGGAGGAUAAGAGGGGAGAAAAGGGGAAAUGGAAUUGGGAAU

UGCCUUUGCCAAACUUUUAGAAGAAAGAGCAGGAAAGGUUAGGGGGuuuAGuuuuGuA

uuuGAuuuuuGAuAGuuAuuAuAuuGuuGuuGAAAuuuG**GuuUGuuA**UUGGAGU

UAUAGAAUAAGAUCAAAUAAGUUAAUAAUA

AAAAAUAAGUAUUUUGAUAUUAUUAAAGUAAAAGAGGAAUUUUGGGCGGAAGAGAAGG

AGACAGGAGAGGAAAUGAAGGAGAAAGGUUUUGAGAGGGGGGUUUUUUGAGGGGAGGA

AAAAGAAUUUUGAAUUUGAACUAUUUGUUUAAGUUAUGGGAGAGAAGCAAGGAGGAGA

AAAGUAGGGGAAUUUUGAGGAGAUUCUUGGGGAGAGGCGGGCGGGCGACGGCGGUUUU

GAAAACACCCAUUUUUAGGAGGAUAAGAGGGGAGAAAAGGGGAAAUGGAAUUGGGAAU

UGCCUUUGCCAAACUUUUAGAAGAAAGAGCAGGAAAGG**AuuuuuuGuuGuuuuuGu

uGuuuGuuuAGuuuuGuAuuuGAuuuuuGAuAGuuAuuAuAuuGuuGuuGAAAuuuG*

*GuuUGuuA**UUGGAGUUAUAGAAUAAGAUCAAAUAAGUUAAUAAUA

AAAAAUAAGUAUUUUGAUAUUAUUAAAGUAAAAGAGGAAUUUUGGGCGGAAGAGAAGG

AGACAGGAGAGGAAAUGAAGGAGAAAGGUUUUGAGAGGGGGGUUUUUUGAGGGGAGGA

AAAAGAAUUUUGAAUUUGAACUAUUUGUUUAAGUUAUGGGAGAGAAGCAAGGAGGAGA

AAAGUAGGGGAAUUUUGAGGAGAUUCUUGGGGAGAGGCGGGCGGGCGACGGCGGUUUU

GAAAACACCCAUUUUUAGGAGGAUAAGAGGGGAGAAAAGGGGAAAUGGAAuUUGuuGG

AuuuAUUuGCC***GCCAuAuuAC****AGuuAuuuAuuuuuuGuAAuAuGAuuuuGC

AGuuGAuAAuGG**AuuuuuuGuuGuuuuuGuuGuuuGuuuAGuuuuGuAuuuGAuuu

uuGAuAGuuAuuAuAuuGuuGuuGAAAuuuG**GuuUGuuA**UUGGAGUUAUAGAAU

AAGAUCAAAUAAGUUAAUAAUA

AAAAAUAAGUAUUUUGAUAUUAUUAAAGUAAAAGAGGAAUUUUGGGCGGAAGAGAAGG

AGACAGGAGAGGAAAUGAAGGAGAAAGGUUUUGAGAGGGGGGUUUUUUGAGGGGAGGA

AAAAGAAUUUUGAAUUUGAACUAUUUGUUUAAGUUAUGGGAGAGAAGCAAGGAGGAGA

AAAGUAGGGGAAUUUUGAGGAGAUUCUUGGGGAGAGGCGGGCGGGCGACGGCGGUUUU

GAAAACACCCAUUUUUAGGAGGAUAAGAGGGGAGAAAAGGGGuuuAuuAuuuuAUGuG

uuuuuAuAuUUGuuGGAuuuAUUuGCC***GCCAuAuuAC****AGuuAuuuAuuuuu

uGuAAuAuGAuuuuGCAGuuGAuAAuGG**AuuuuuuGuuGuuuuuGuuGuuuGuuuA

GuuuuGuAuuuGAuuuuuGAuAGuuAuuAuAuuGuuGuuGAAAuuuG**GuuUGuuA*

*UUGGAGUUAUAGAAUAAGAUCAAAUAAGUUAAUAAUA

AAAAAUAAGUAUUUUGAUAUUAUUAAAGUAAAAGAGGAAUUUUGGGCGGAAGAGAAGG

AGACAGGAGAGGAAAUGAAGGAGAAAGGUUUUGAGAGGGGGGUUUUUUGAGGGGAGGA

AAAAGAAUUUUGAAUUUGAACUAUUUGUUUAAGUUAUGGGAGAGAAGCAAGGAGGAGA

AAAGUAGGGGAAUUUUGAGGAGAUUCUUGGGGAGAGGCGGGCGGGCGACGGCGGUUUU

GAAAACACCCAUUUUUAGGAGGAUAAGAGGGuuuuuuGuuAuuGAuuuAuuuuAuuuA

uuuuuGuGuuuuGuuuuuGuuuAuuAuuuuAUGuGuuuuuAuAuUUGuuGGAuuuAUU

uGCC***GCCAuAuuAC****AGuuAuuuAuuuuuuGuAAuAuGAuuuuGCAGuuGAu

AAuGG**AuuuuuuGuuGuuuuuGuuGuuuGuuuAGuuuuGuAuuuGAuuuuuGAuAG

uuAuuAuAuuGuuGuuGAAAuuuG**GuuUGuuA**UUGGAGUUAUAGAAUAAGAUCA

AAUAAGUUAAUAAUA

AAAAAUAAGUAUUUUGAUAUUAUUAAAGUAAAAGAGGAAUUUUGGGCGGAAGAGAAGG

AGACAGGAGAGGAAAUGAAGGAGAAAGGUUUUGAGAGGGGGGUUUUUUGAGGGGAGGA

AAAAGAAUUUUGAAUUUGAACUAUUUGUUUAAGUUAUGGGAGAGAAGCAAGGAGGAGA

AAAGUAGGGGAAUUUUGAGGAGAUUCUUGGGGAGAGGCGGGCGGGCGACGGCGGUUUU

GAAAACACCCAUUUUUAGGAGGAUAuuuuAuuuuuGuuuuuuuuuuuuAGGGuuuuuu

GuuAuuGAuuuAuuuuAuuuAuuuuuGuGuuuuGuuuuuGuuuAuuAuuuuAUGuGuu

uuuAuAuUUGuuGGAuuuAUUuGCC***GCCAuAuuAC****AGuuAuuuAuuuuuuG

uAAuAuGAuuuuGCAGuuGAuAAuGG**AuuuuuuGuuGuuuuuGuuGuuuGuuuAGu

uuuGuAuuuGAuuuuuGAuAGuuAuuAuAuuGuuGuuGAAAuuuG**GuuUGuuA**U

UGGAGUUAUAGAAUAAGAUCAAAUAAGUUAAUAAUA

AAAAAUAAGUAUUUUGAUAUUAUUAAAGUAAAAGAGGAAUUUUGGGCGGAAGAGAAGG

AGACAGGAGAGGAAAUGAAGGAGAAAGGUUUUGAGAGGGGGGUUUUUUGAGGGGAGGA

AAAAGAAUUUUGAAUUUGAACUAUUUGUUUAAGUUAUGGGAGAGAAGCAAGGAGGAGA

AAAGUAGGGGAAUUUUGAGGAGuuuuuuuuAUUC**GuuuuuuGuuGuGuuuuuuAGA

GuGuuuuuCuuuGuuGuGuCGuuGuuuGuCGACGuuuuuGCGuuuGUUUUGuAAuuuA

uuAuCAuCCCAuUUUUUAuuGuuGAuGuuuuuuGAuuuuuuuUAuuuuAuuuuuGuuu

uuuuuuuuuAGGGuuuuuuGuuAuuGAuuuAuuuuAuuuAuuuuuGuGuuuuGuuuuu

GuuuAuuAuuuuAUGuGuuuuuAuAuUUGuuGGAuuuAUUuGCC***GCCAuAuuAC*

***AGuuAuuuAuuuuuuGuAAuAuGAuuuuGCAGuuGAuAAuGG**AuuuuuuGuuG

uuuuuGuuGuuuGuuuAGuuuuGuAuuuGAuuuuuGAuAGuuAuuAuAuuGuuGuuGA

AAuuuG**GuuUGuuA**UUGGAGUUAUAGAAUAAGAUCAAAUAAGUUAAUAAUA

AAAAAUAAGUAUUUUGAUAUUAUUAAAGUAAAAGAGGAAUUUUGGGCGGAAGAGAAGG

AGACAGGAGAGGAAAUGAAGGAGAAAGGUUUUGAGAGGGGGGUUUUUUGAGGGGAGGA

AAAAGAAUUUUGAAUUUGAACUAUUUGUUUAAGUUAUGGGAGAGAuAuuGCAuuuuuA

uuuuuGuuuuGuuuuuuAuGuGAuuuuuuuuuGuuuAAuAAuuuGuUAGuuGGuGAuA

****GuuuuAuGGAuGuuuuuuuuAUUC**GuuuuuuGuuGuGuuuuuuAGAGuGuuu

uuCuuuGuuGuGuCGuuGuuuGuCGACGuuuuuGCGuuuGUUUUGuAAuuuAuuAuCA

uCCCAuUUUUUAuuGuuGAuGuuuuuuGAuuuuuuuUAuuuuAuuuuuGuuuuuuuuu

uuuAGGGuuuuuuGuuAuuGAuuuAuuuuAuuuAuuuuuGuGuuuuGuuuuuGuuuAu

uAuuuuAUGuGuuuuuAuAuUUGuuGGAuuuAUUuGCC***GCCAuAuuAC****AGu

uAuuuAuuuuuuGuAAuAuGAuuuuGCAGuuGAuAAuGG**AuuuuuuGuuGuuuuuG

uuGuuuGuuuAGuuuuGuAuuuGAuuuuuGAuAGuuAuuAuAuuGuuGuuGAAAuuuG

**GuuUGuuA**UUGGAGUUAUAGAAUAAGAUCAAAUAAGUUAAUAAUA

AAAAAUAAGUAUUUUGAUAUUAUUAAAGUAAAAGAGGAAUUUUGGGCGGAAGAGAAGG

AGACAGGAGAGGAAAUGAAGGAGAAAGGUUUUGAGAGGGGGGUUUUUUGAGGGGAGGA

AAAAGAAUUUUGAAUUUGAACuUAUUUG***AAuuuG*UAuuUGuuGuuuuGuAuuGu

uuuuuuAuuGuAuAuuGCAuuuuuAuuuuuGuuuuGuuuuuuAuGuGAuuuuuuuuuG

uuuAAuAAuuuGuUAGuuGGuGAuA****GuuuuAuGGAuGuuuuuuuuAUUC**Guu

uuuuGuuGuGuuuuuuAGAGuGuuuuuCuuuGuuGuGuCGuuGuuuGuCGACGuuuuu

GCGuuuGUUUUGuAAuuuAuuAuCAuCCCAuUUUUUAuuGuuGAuGuuuuuuGAuuuu

uuuUAuuuuAuuuuuGuuuuuuuuuuuuAGGGuuuuuuGuuAuuGAuuuAuuuuAuuu

AuuuuuGuGuuuuGuuuuuGuuuAuuAuuuuAUGuGuuuuuAuAuUUGuuGGAuuuAU

UuGCC***GCCAuAuuAC****AGuuAuuuAuuuuuuGuAAuAuGAuuuuGCAGuuGA

uAAuGG**AuuuuuuGuuGuuuuuGuuGuuuGuuuAGuuuuGuAuuuGAuuuuuGAuA

GuuAuuAuAuuGuuGuuGAAAuuuG**GuuUGuuA**UUGGAGUUAUAGAAUAAGAUC

AAAUAAGUUAAUAAUA

AAAAAUAAGUAUUUUGAUAUUAUUAAAGUAAAAGAGGAAUUUUGGGCGGAAGAGAAGG

AGACAGGAGAGGAAAUGAAGGAGAAAGGUUUUGAGAGGGGGGUUUUUUGAGuuGuGGu

uuAuGuuGuuuAAuuuAuAuAGuuuAAUUUUGuAuuA*UUGuAuuACuUAUUUG***A

AuuuG*UAuuUGuuGuuuuGuAuuGuuuuuuuAuuGuAuAuuGCAuuuuuAuuuuuGu

uuuGuuuuuuAuGuGAuuuuuuuuuGuuuAAuAAuuuGuUAGuuGGuGAuA****Guu

uuAuGGAuGuuuuuuuuAUUC**GuuuuuuGuuGuGuuuuuuAGAGuGuuuuuCuuuG

uuGuGuCGuuGuuuGuCGACGuuuuuGCGuuuGUUUUGuAAuuuAuuAuCAuCCCAuU

UUUUAuuGuuGAuGuuuuuuGAuuuuuuuUAuuuuAuuuuuGuuuuuuuuuuuuAGGG

uuuuuuGuuAuuGAuuuAuuuuAuuuAuuuuuGuGuuuuGuuuuuGuuuAuuAuuuuA

UGuGuuuuuAuAuUUGuuGGAuuuAUUuGCC***GCCAuAuuAC****AGuuAuuuAu

uuuuuGuAAuAuGAuuuuGCAGuuGAuAAuGG**AuuuuuuGuuGuuuuuGuuGuuuG

uuuAGuuuuGuAuuuGAuuuuuGAuAGuuAuuAuAuuGuuGuuGAAAuuuG**GuuUG

uuA**UUGGAGUUAUAGAAUAAGAUCAAAUAAGUUAAUAAUA

AAAAAUAAGUAUUUUGAUAUUAUUAAAGUAAAAGAGGAAUUUUGGGCGGAAGAGAAGG

AGACAGGAGAGGAuuuuAAuUGuuuAAuGuuGAuuuuuGAuuuuuuAuuAuuuuGuuu

G*UUUGAuuuGuAuuuGuuuGuuGGuuuGuG***UUUGuuuuuAuuGuuGuGGuuuAu

GuuGuuuAAuuuAuAuAGuuuAAUUUUGuAuuA*UUGuAuuACuUAUUUG***AAuuu

G*UAuuUGuuGuuuuGuAuuGuuuuuuuAuuGuAuAuuGCAuuuuuAuuuuuGuuuuG

uuuuuuAuGuGAuuuuuuuuuGuuuAAuAAuuuGuUAGuuGGuGAuA****GuuuuAu

GGAuGuuuuuuuuAUUC**GuuuuuuGuuGuGuuuuuuAGAGuGuuuuuCuuuGuuGu

GuCGuuGuuuGuCGACGuuuuuGCGuuuGUUUUGuAAuuuAuuAuCAuCCCAuUUUUU

AuuGuuGAuGuuuuuuGAuuuuuuuUAuuuuAuuuuuGuuuuuuuuuuuuAGGGuuuu

uuGuuAuuGAuuuAuuuuAuuuAuuuuuGuGuuuuGuuuuuGuuuAuuAuuuuAUGuG

uuuuuAuAuUUGuuGGAuuuAUUuGCC***GCCAuAuuAC****AGuuAuuuAuuuuu

uGuAAuAuGAuuuuGCAGuuGAuAAuGG**AuuuuuuGuuGuuuuuGuuGuuuGuuuA

GuuuuGuAuuuGAuuuuuGAuAGuuAuuAuAuuGuuGuuGAAAuuuG**GuuUGuuA*

*UUGGAGUUAUAGAAUAAGAUCAAAUAAGUUAAUAAUA

AAAAAUAAGUAUUUUGAUAUUAUUAAAGUAAAAGuuuuuAuuuuuuuuuuGuGAuuuA

UUUUGGuuGCGuuuGuuAuuAuGuAuGuAuuAuuGuGuAuGAuCuAGGuuAuGuuuuA

uuGuGuAuuuuAAuUGuuuAAuGuuGAuuuuuGAuuuuuuAuuAuuuuGuuuG*UUUG

AuuuGuAuuuGuuuGuuGGuuuGuG***UUUGuuuuuAuuGuuGuGGuuuAuGuuGuu

uAAuuuAuAuAGuuuAAUUUUGuAuuA*UUGuAuuACuUAUUUG***AAuuuG*UAuu

UGuuGuuuuGuAuuGuuuuuuuAuuGuAuAuuGCAuuuuuAuuuuuGuuuuGuuuuuu

AuGuGAuuuuuuuuuGuuuAAuAAuuuGuUAGuuGGuGAuA****GuuuuAuGGAuGu

uuuuuuuAUUC**GuuuuuuGuuGuGuuuuuuAGAGuGuuuuuCuuuGuuGuGuCGuu

GuuuGuCGACGuuuuuGCGuuuGUUUUGuAAuuuAuuAuCAuCCCAuUUUUUAuuGuu

GAuGuuuuuuGAuuuuuuuUAuuuuAuuuuuGuuuuuuuuuuuuAGGGuuuuuuGuuA

uuGAuuuAuuuuAuuuAuuuuuGuGuuuuGuuuuuGuuuAuuAuuuuAUGuGuuuuuA

uAuUUGuuGGAuuuAUUuGCC***GCCAuAuuAC****AGuuAuuuAuuuuuuGuAAu

AuGAuuuuGCAGuuGAuAAuGG**AuuuuuuGuuGuuuuuGuuGuuuGuuuAGuuuuG

uAuuuGAuuuuuGAuAGuuAuuAuAuuGuuGuuGAAAuuuG**GuuUGuuA**UUGGA

GUUAUAGAAUAAGAUCAAAUAAGUUAAUAAUA

AAAAAUAAGUAUUUUGAUAUUAUUAAAGUAAAuAuGuuuuuAuuuuuuuuuuGuGAuu

uAUUUUGGuuGCGuuuGuuAuuAuGuAuGuAuuAuuGuGuAuGAuCuAGGuuAuGuuu

uAuuGuGuAuuuuAAuUGuuuAAuGuuGAuuuuuGAuuuuuuAuuAuuuuGuuuG*UU

UGAuuuGuAuuuGuuuGuuGGuuuGuG***UUUGuuuuuAuuGuuGuGGuuuAuGuuG

uuuAAuuuAuAuAGuuuAAUUUUGuAuuA*UUGuAuuACuUAUUUG***AAuuuG*UA

uuUGuuGuuuuGuAuuGuuuuuuuAuuGuAuAuuGCAuuuuuAuuuuuGuuuuGuuuu

uuAuGuGAuuuuuuuuuGuuuAAuAAuuuGuUAGuuGGuGAuA****GuuuuAuGGAu

GuuuuuuuuAUUC**GuuuuuuGuuGuGuuuuuuAGAGuGuuuuuCuuuGuuGuGuCG

uuGuuuGuCGACGuuuuuGCGuuuGUUUUGuAAuuuAuuAuCAuCCCAuUUUUUAuuG

uuGAuGuuuuuuGAuuuuuuuUAuuuuAuuuuuGuuuuuuuuuuuuAGGGuuuuuuGu

uAuuGAuuuAuuuuAuuuAuuuuuGuGuuuuGuuuuuGuuuAuuAuuuuAUGuGuuuu

uAuAuUUGuuGGAuuuAUUuGCC***GCCAuAuuAC****AGuuAuuuAuuuuuuGuA

AuAuGAuuuuGCAGuuGAuAAuGG**AuuuuuuGuuGuuuuuGuuGuuuGuuuAGuuu

uGuAuuuGAuuuuuGAuAGuuAuuAuAuuGuuGuuGAAAuuuG**GuuUGuuA**UUG

GAGUUAUAGAAUAAGAUCAAAUAAGUUAAUAAUA

editing in progress...edited
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T. brucei ATPase 6 mRNA



Types of RNA editing

Insertion/deletion

Conversion

A

C

Insertion or deletion

U



1. RNA editing insertional & deletional

2. Base modifications many different once
substitutional RNA editing

Types of RNA modifications



Substitutional RNA editing



Substitutional RNA editing

A to I ADARs, ADATs 
(adenosine deaminases acting on RNA/tRNA

C to U CDARs (Apobec) 
(cytosine deaminases acting on RNA)



C to U editing often forms additional stop codons

Apolipoprotein B-100
4563 amino acids
Function: transport of cholesterol in the 
blood

Apolipoprotein B-48
2152 amino acids
Function: absorption of lipids from 
the intestine



Organization of the glutamate-gated  ion channel receptors



Landscape of A-to-I RNA editing occurrence and impact

Maas, Stefan(Sep 2013) A-to-I RNA Editing and Human Genetic Disease. In: eLS. John Wiley & Sons Ltd, Chichester. 
http://www.els.net [doi: 10.1002/9780470015902.a0024625]



1. RNA editing insertional & deletional

2. Base modifications multiple different types
substitutional RNA editing

Types of RNA modifications



Motorin, Yuri(May 2015) RNA Modification. In: eLS. John Wiley & Sons Ltd, Chichester. http://www.els.net 
[doi: 10.1002/9780470015902.a0000528.pub3]

Phylogenetic distribution of modified nucleosides in RNA originating from the 
three domains of life



RNA modifications

Phizicky and Hopper, Genes Dev., 2010



Cellular localisation of RNA:modification enzymes and coordination between RNA 
(tRNA) maturation and modification



Diversity of nucleotide methylation

Methylation sites on the chemical 
structures of the four major 
ribonucleotides, inosine, and
pseudouridine. 

Multiple modifications may occur 
sequentially on a single nucleotide. 

Motorin and Grosjean. tRNA modification. In: 
Encyclopedia of Life Sciences. 2005











The role of m6A



Adapted from Fu, Y. et al, Nature Rev. Genet. (2014)

Epigenetic modifications



Gerken et Al., Science, 2007; Dominissimi et Al.,  Nature, 2012; Meyer et Al., Cell, 2012;, Liu et Al., Nat. Chem. Biol. , 2014; Wang et Al., 
Nature, 2014, Pendleton et al., Cell 2017, Warda et al., EMBO Rep 2017

READERS

ERASERS

WRITERS

The players in the m6A pathway

adenosine N6-methyladenosine

METTL3
METTL14
WTAP
KIAA1429

METTL16
+?

ALKBH5

FTO

YTH
HNRNP



The m6A and the related factors affect numerous 
physiological functions

Translation regulation and mRNA decay:

Germ cell maturation, cell differentiation and development

Stress response

May contribute to cancer, infections and other diseases



Gerken et Al., Science, 2007; Dominissimi et Al.,  Nature, 2012; Meyer et Al., Cell, 2012;
Liu et Al., Nat. Chem. Biol. , 2014; Wang et Al., Nature, 2014

READERS

ERASERS

WRITERS

adenosine N6-methyladenosine

METTL3
METTL14
WTAP
KIAA1429

METTL16
+?

ALKBH5

FTO

YTH
HNRNP

m6A deposition is a reversible modification



METHYLATION: 
the most prevalent mRNA modification

m1A m6A m5C



Reverse transcription-based techniques for 
detection of modified nucleotides 

m6A

Helm, Motorin, Nat Rev Gen 2017





>18 000 methylation sites
3-5 per mRNA
appear in clusters



Direct recognition Structural switch



Figure 3 

Molecular Cell 2014 56, 5-12DOI: (10.1016/j.molcel.2014.09.001) 

Dynamic RNA Modifications in Gene Expression Regulation

http://dx.doi.org/10.1016/j.molcel.2014.09.001



The nuclear roles of m6A

Covelo-Molares et al., 2018



Wang et al., Cell,2013; Fustin et al., Cell, 2013, Dominissini et al., Nature,2012; Meyer et al., Cell 2012  

RNA stability and sequestering to P-bodies
RNA export 
alternative splicing
miRNA processing
translation efficiency

How is methylation at stop codon achieved ?

Why are some DRACH sites methylated and other not ?

Which factors are able to distinguish methylated and non-

methylated RNA ?

What is the function of demethylases ?



m6A is enriched at stop codon at DRACH motif

>18 000 methylation sites
1-3 per mRNA
appear in clusters Conserved motif DRACH

D=A/G/U; R=G/A, H=A/C/U



Gerken et Al., Science, 2007; Dominissimi et Al.,  Nature, 2012; Meyer et Al., Cell, 2012;
Liu et Al., Nat. Chem. Biol. , 2014; Wang et Al., Nature, 2014

m6a 
readers

m6a 
erasers

m6a 
Writers

METTL16



AlkBH family of Fe(II)/α-ketoglutarate-dependent dioxygenases



m6A/m6Am demethylases: FTO and AlkBH5

Fu Y, et al. Nature Com., 2013; Jia et al., Nat. Chem. Biol., 2011; 
Mauer, J. et al., Nature, 2017; Zheng, et al., Mol. Cell, 2013; 

Fsicher, et al., Nature, 2009  



SNPs in human: 
SNP hotspot  in FTO intron correlates with diabetes and obesity

1 in 6 adults are homozygous for the risk allele (Frayling et al., 2007, 
Science)

higher weight (≥3 kg compared to average) and 1,67-fold increased odds of 
developing obesity (Frayling et al., 2007, Science)

Mouse models:

FTO over-expression
(Church et al.,2010, Nature Genetics)

FTO knockout
(Fischer et al., 2009,Nature)

FTO catalytical mutant
(Church et al., 2009, PLoS Genetics)

FTO (Fat mass and Obesity associated) 
phenotypes associated with obesity



Our FTO results

1. FTO binds pre-mRNAs, it likely functions co-transcriptionally.

2. FTO binding is not enriched around the RRACH motif and correlates with 
adenosine methylation positions at TSS.

3. FTO appears to play a role in 3’ end processing.

4. FTO demethylation activity facilitates exon inclusion in a subset of mRNAs.
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FTO specificity for m6A versus m6Am
m6A m6Am
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