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Evolution of snRNA



2.91 billion base pairs

26,000 protein coding genes

1.5% exons (129 nucleotides)

24% introns (~3,000 nucleotides)

75% intergenic (no genes)

Average size of a gene is 27,894 bases

Contains an average of 11 exons

Titin contains 234 exons.

Human genome
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Different types 
of alternative 
splicing



Exon versus Intron Definition
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Identification of alternatively spliced Alu exon

C9, NT_008541
Alu
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BE616884

AI972259

5.2% of the alternatively spliced exons (1182) has a significant 
hit to an Alu sequence (E < 10-10). But, none of the constitutively 
spliced exons (4152) has a significant hit to an Alu sequence.
That means, that Alu-containing exons are alternatively spliced.

Sorek et al., 2002



elements AluAlu are Retrotransposons. 

Alu sequences both 
comprise more than 11% of 
the genome and have 
reached a copy number of 
about 1.4 million. 

Alu elements are short 
interspersed elements 
(SINEs), typically 300 
nucleotides long, containing 
two cassettes separated by 
a polyA tail.

Alu elements are unique 
to primates

pApA

All introns of >1000 bp contain 
at least 1 Alu

AATAAA – Integration site



Exonization of Alu elements
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GAGACAG Alu-exon    

The 3’SS of Alu-exons

PPT
CAGGC/TNNG

The 5’SS of Alu-exons

The only selective pressure that was found in the 
exonization of Alu elements was in creating or 

maintaining of weak splice sites

Lev-Maor et al., 2003 Sorek et al., 2004 



The Selection of 3’SS of Alu-exons
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A weak 3’ splice site determine alternative splicing of Alu-exons

AGACAGG Alu-exon
PPT

The 3’ splice site of Alu-exons



The Selection of 3’SS of Alu-exons
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Exonization of an intronic Alu

476,000 Alus in introns; 238,000 in antisense orientation; 
76,000 contain ADAR2 or PGT like 3’ss.



5’ss selection of Alu exons



Two positions differ intronic from 
exonic Alus.

25 Alu exons166,276 are full-length antisense intronic Alus



5’ss selection of Alu exons



The 5’ and 3’ splice sites are under 
purifying selection in Alu exons.

GAGACAG Alu-exon    

The 3’ splice site of Alu-exons

PPT
CAGGC/TNNG

The 5’ splice site of Alu-exons

Lev-Maor et al., Science 2003 Sorek et al., Mol. Cell 2004

7,810 have ADAR2 like 3’ and 5’ss, yet never exonized!

How many are one step from mutation leading to 
exonization – all!!!



5’ splice site recognition during 
mRNA splicing



The base pairing between U1 and the 
5’ splice site affect alternative splicing



Comparative analysis of 50,000 human-
mouse constitutively spliced exons



Comparative 
analysis of 5’ss

6,140 genes, 234 introns of 270 
nt, no AS

4,999 genes, 4,697 introns of 40-
70 nt, multi-introns genes, no AS

26,000 genes, 180,000 introns of 
3,000 nt, 11 introns per gene, 
~70% of the genes are 
alternatively spliced.



How did alternative splicing evolve?

During the course of evolution:
- Appearance of small exons embedded in large introns, 
- appearance of exon definition 
- and finally relaxation of 5’ splice site selection 
- allow for sub-optimal recognition of exons, leading to exon      
skipping.



Differences between human-mouse conserved 
alternatively  and constitutively spliced exons

Alternative Constitutive

Length 109 nt 132 nt

Conservation 92% 88%

Conservation of 
flanking intronic 
sequences                         100 nt 10-20 nt

5’ss strength (in kcal mol–1) –5.8 –6.15

Divisibility-by-3 68% 40%



The effect of alternative splicing on the coding sequence.



Symmetrical alternative exons tend not to disrupt protein domain

exon

1 2 3

domain

exon

Less than 3% of 
alternatively and 
constitutively spliced 
exons are domain 
holders!

domain



Non-symmetrical alternative exons located at the 5’ of the coding sequence



Thus, alternative splicing might 
have originated from organisms 

that originally only support 
constitutive splicing by a 
relaxation of splice sites 

recognition.



hSlu7 shuttling from the nucleus to the cytoplasm affect alternative 
splicing
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