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Outline

• Introduction

– Central dogma

– Gene structures & Human genes

– Types of RNA

– RNA biosynthesis (Transcription)

2

• Post-transcriptional modification

– Key RNA processing events that occurred on pre-mRNA to product mature RNA

– Pre-mRNA splicing (key molecules & important process) 

– The importance of RNA splicing 

– RNA editing (key molecules & important process) 

– The importance of RNA editing



How cell read the genome: From DNA to Protein

Central dogma is an organizing principle of molecular biology : genetic information 

flows between nucleic acids and from nucleic acid to protein

https://elizabethmcd.github.io/

Replication

Transcription

Translation
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Human genes

>100,000 different 

proteins were 

identified in 

human cells.

How is this possible?

20,000 different 

genes were 

identified in 

human genome.



Types of RNA

Inamura K., Cells, 2017 
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RNA synthesis (Transcription)

Transcription: The process of transcribing

DNA sequence information into RNA 

sequence information.

DNA and RNA use the complementary 

language, and the information is simply 

transcribed, or copied, from one molecule to 

the other
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DNA is transcribed by the enzyme RNA polymerase. 

-The RNA polymerase (pale blue) 

moves stepwise along the DNA, 

unwinding the DNA helix at its active 

site indicated by the Mg2+ (red), which 

is required for catalysis.

-The polymerase adds nucleotides 

one by one to the RNA chain at the 

polymerization site, using an exposed 

DNA strand as a template.



microbenotes.com

Transcription steps
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Transcription Elongation in 

Eukaryotes Is Tightly 

Coupled to RNA 

Processing
Primary mRNA, 

Pre-mRNA

Mature RNA
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5’ RNA Capping
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RNA Capping Is the First Modification of Eukaryotic Pre-mRNAs

3

1

2

4

As the RNA polymerase transcribes DNA into RNA, it carries RNA-processing proteins on

its tail that are transferred to the nascent RNA at the appropriate time.

Transcription elongation step
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Transcription Elongation in 

Eukaryotes Is Tightly Coupled 

to RNA

Processing
Primary mRNA, 

Pre-mRNA

Mature RNA
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Pre-mRNA splicing

Removal of introns and joining of exons in a primary transcript. 

Also called simply splicing.

5’ 3’ Primary mRNA, pre-mRNA

5’ 3’

Exon 1

Splicing

Exon 2 Exon 3Intron Intron
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How do cell distinguish exon and intron?

Pre-mRNA splicing

Transesterification
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Nuclear splicing. (a) Schematic 
representation of an intron, flanked by two 
exons (A, light blue) and (B, pink). The 
essential splicing signals that define the 
exon boundaries are relatively short and 
poorly-conserved sequences. Only the GT (at 
the 5′ end of the intron), AG (at the 3′ end) 
and the branchpoint adenosine at the 2′ 
position are always conserved (all shown in 
red). (b) Pre-mRNA, showing the two flanking 
exons, branchpoint sequence and the 
conserved nucleotides as in (a). (c) The 
spliceosome cuts the pre-mRNA at its 5′ end, 
and then the intron forms a lariat by joining G 
at the 5′ end with the branchpoint A at the 2′ 
position. (d) The spliceosome cuts at the 3′ 
end of the intron and the intron is released as 
a lariat. (e) Exons A and B are then joined and 
released from the spliceosome.

Pre-mRNA splicing

5’ splice site
3’ splice site
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The consensus nucleotide sequences in an RNA molecule that signal the 

beginning and the end of most introns in humans.

Y = Pyrimidines (C or U)

R = Purine (A or G)

N = Pyrimidines or Purines

5’ splice site

3’ splice site



RNA-RNA rearrangements
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snRNA + Proteins

Most of RNA splicing in eukaryotes is performed by the spliceosome

chemistryworld.com



Spliceosome components



24

Pre-mRNA splicing process

Most of RNA splicing in eukaryotes is performed by the spliceosome



One of the many

rearrangements that take place in the

spliceosome during pre-mRNA splicing
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Pre-mRNA splicing process

Most of RNA splicing in eukaryotes is performed by the spliceosome
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Pre-mRNA splicing process

Most of RNA splicing in eukaryotes is performed by the spliceosome



Control of RNA splicing
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Alternative splicing

Alternative splicing is a process by which the exons of the 

RNA produced by transcription of a gene (a primary gene 

transcript or pre-mRNA) are reconnected in multiple ways 

during RNA splicing. The resulting different mRNAs may be 

translated into different protein isoforms; thus, a single gene 

may code for multiple proteins.
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Example of alternative splicing



Mechanisms of alternative splicing



How cell regulates alternative splicing?



Controlled by the splicing machinery, transcription process, 
and chromatin structure
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mRNA splicing error

5’ splice site
3’ splice site

DNA mutation at the splice site

DNA mutation that make new 

splice site
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Examples of mRNA splicing error
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the light blue boxes depict new nucleotide sequences included in the final mRNA 

molecule as a result of the mutation denoted by the black arrowhead.

Examples of mRNA splicing error



What is the difference between alternative splicing & splicing error?
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Transcription Elongation in 

Eukaryotes Is Tightly Coupled 

to RNA

Processing
Primary mRNA, 

Pre-mRNA

Mature RNA
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3’ Polyadenylation of mRNA

CstF = cleavage stimulation factor

CPSF = cleavage and polyadenylation specificity factor
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3’ Polyadenylation of mRNA

CPSF = cleavage and polyadenylation specificity factor
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3’ Polyadenylation of mRNA



Regulation of the site of RNA cleavage and poly-A addition determines whether an 

antibody molecule is secreted or remains membrane-bound.
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mRNA transport from nucleus to cytoplasm



44

RNA editing

-The process by which RNA molecules are enzymatically modified post synthesis 

on specific nucleosides 

-Can involve the addition, deletion, or alteration of nucleotides in the RNA in a 

manner that affects the meaning of the transcript when it is translated

-One of the most prevalent and abundant forms of post-transcriptional RNA 

modification in normal physiological processes.

-The major types of RNA editing

Pseudouridylation (the isomerization of uridine residues)

U Insertion/deletion

Deamination (removal of an amine group from nitrogenous bases (A or C)



tRNA-Ala from yeast showing also modified bases in blue m1G: 

1-methyl-guanosine D: 5,6-Dihydrouridine m22G: N2-dimethyl-

guanosine I: Inosine m1I: 1-methyl-inosine Ψ: pseudouridine T: 5-

Methyluridine (Ribothymidine)

Examples of the unusual nucleotides found in tRNA molecules
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Pseudouridylation
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Uridine (U) insertion

The RNA editing alters 
the sequences of 
mRNAs, it makes them 
different from the 
corresponding genomic 
template.
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Deamination

C-to-U RNA editing

A-to-I RNA editing

The A-to-I and C-to-U RNA editing can 
alter the sequences of mRNAs, it makes 
them different from the corresponding 
genomic template.

I pairs with C
U pairs with A

Translation

ADARs = Adenosine deaminases

ADARs



CAA

CAG

Gln

CIA

CIG

Arg

UAA

Gln

CAA

Stop

I pairs with C
U pairs with A

Translation
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C-to-U RNA editing

Example of C-to-U RNA editing in apolipoprotein B gene

“RNA Editing Can Change the Meaning of the RNA Message”
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Frezza V, et al, Cancers, 2023

Effects of A-to-I RNA editing in cancer



Exon1 Intron

Eukaryotic gene
Exon2 Intron

Promoter

Only 1 type of Pre-mRNA

Transcription

Many types of proteins

Alternative RNA splicing
RNA editing

Many types of mature RNAs

Translation

Summary

Exon3 



State a hypothesis for why eukaryotes evolved complex RNA processing steps.
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