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The matured mRNAs are much shorter than  the 

DNA templates.   
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A~G no-coding region 1~7 coding region
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7 700 bp

The structural genes are composed of 

coding and non-coding regions that 

are alternatively separated.   
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NOBEL PRIZE – 1993 
 

PHYSIOLOGY OR MEDICINE 



For the discovery of 
 

Split Genes 

 



The Nobel Prize was shared by two 

American Scientists: 
 

1. Richard J. Roberts, New England Biolabs, Beverly, MA, USA 

 (1/2) 

2.  Phillip A. Sharp, Massachusetts Institute of Technology 

(MIT), Center for Cancer Research, Cambridge, MA, 

USA (1/2) 



Work: Split Genes 

Richard J. Roberts 
Born: 6 September 1943, Derby, United 

Kingdom 

Field: Genetics, Molecular Biology 

Prize share: 1/2 

Phillip A. Sharp 
Born: 6 June 1944, Falmouth, KY, USA 

Field: Genetics, Molecular Biology 

Prize share: 1/2 



  Exon and Intron 

Exons are the coding sequences that 

appear on split genes and primary 

transcripts, and will be expressed to 

matured mRNA. 

Introns are the non-coding sequences 

that are transcripted into primary 

mRNAs, and will be cleaved out in the 

later splicing process.  



Splicing Outline 

• Introns are 

transcribed along 

with exons in the 

primary transcript 

• Introns are 

removed as the 

exons are spliced 

together 
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Simplified Mechanism of Splicing 

 2’-OH group of A within 
intron attackes the 
phosphodiester bond linking 
the first exon to the intron 

 A lariat is formed due to the 
GU at the 5’ end of the 
intron forming a 
phosphodiester bond with 
the branch point A 

 The free 3’OH on exon 1 
attacks the phosphodiester 
bond between the intron and 
exon 2 

 The exons are then linked 
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Pre-spliceosome 

Spliceosome 

Commitment Complex 



Commitment, Splice Site Selection and 

Alternative Splicing 

• snRNPs do not have enough specificity and 

affinity to bind exclusively and tightly at 

exon-intron boundaries 

• Additional splicing factors are needed to 

help snRNPs bind 

• Some splicing factors are needed to bridge 

across introns and exons and so define these 

RNA elements 
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Exon and Intron Definition 

• The spliceosome can recognize either exons or 

introns in the splicing commitment process, 

presumably by assembling splicing factors to 

bridge across exons or introns 

• If exons are recognized it is exon definition 

• If introns are recognized it is intron definition 

• Splicing in a given organism typically uses 

either exon definition or intron definition 
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mRNA Splicing 



















Role of Branch Site 

The role of branch site is to identify the 

nearest 3’ splice site as the target for 

connection to 5’ splice site. 



Spliceosome Assembly Pathway 



snRNPs are required for Splicing 

 The 5’ & 3’ splice sites and the branch site are recognized by 

components of the splicing apparatus. That assemble to form 

large complex. 

The splicing apparatus contains both proteins and RNAs (in 

addition to the pre-mRNAs. 

 Five snRNAs are involved in splicing reaction e.g., U1, U2, U5, 

U4 & U6. 

 In their natural state, these snRNA exist as ribonucleoprotein 

particles called snRNPs (U1 snRNP, U2 snRNP, U5 snRNP, U4 

snRNP & U6 snRNP) 

 SnRNPs associated with splicing signals brings these signals 

together before any reaction occur. 

 These complex assembles sequentially on the pre-mRNA. 

 Splicing occurs only after all the components have assembled. 
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