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For most eukaryotic genes (and some prokaryotic ones), the initial RNA that is transcribed from a gene's DNA template must be processed before it becomes a mature messenger RNA (mRNA) that can direct the synthesis of protein. One of the steps in this processing, called RNA splicing, involves the removal or "splicing out" of certain sequences referred to as intervening sequences, or introns. The final mRNA thus consists of the remaining sequences, called exons, which are connected to one another through the splicing process. RNA splicing was initially discovered in the 1970s, overturning years of thought in the field of gene expression.

How Splicing Occurs 
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Figure 1: Pre-mRNA splicing.
Copyright 1984, Nature Publishing Group, Konarska, M. M., et. al., Characterization of the branch site in lariat RNAs produced by splicing of mRNA precursors, Nature 313, 552-557
The biochemical mechanism by which splicing occurs has been studied in a number of systems and is now fairly well characterized. Introns are removed from primary transcripts by cleavage at conserved sequences called splice sites. These sites are found at the 5′ and 3′ ends of introns. Most commonly, the RNA sequence that is removed begins with the dinucleotide GU at its 5′ end, and ends with AG at its 3′ end.  Splicing occurs in several steps and is catalyzed by small nuclear ribonucleoproteins (snRNPs, commonly pronounced "snurps").  The intron sequence is removed, the adjoining exons are covalently bound, and the section of intron is released.

Most splicing occurs between exons on a single RNA transcript, but occasionally trans-splicing occurs, in which exons on different pre-mRNAs are ligated together.

The splicing process occurs in organelles called spliceosomes, in which the snRNPs are found along with additional proteins. The primary variety of spliceosome is one of the most plentiful organelles in the cell, and recently, a secondary type of spliceosome has been identified that processes a minor category of introns. 

Alternative Splicing 
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Figure 2: Alternative splicing results in different mature mRNAs and proteins.
In mammals, the protein tropomyosin is encoded by a gene that has 11 exons. Tropomyosin pre-mRNA is spliced differently in different tissues, resulting in five different forms of the protein.
Copyright 2008 by Sinauer Associates, Inc. All rights reserved. Used with permission.
Early in the course of splicing research, yet another surprising discovery was made; specifically, researchers noticed that not only was pre-mRNA punctuated by introns that needed to be excised, but also that alternative patterns of splicing within a single pre-mRNA molecule could yield different functional mRNAs (Figure 2; Berget et al. 1977). The first example of alternative splicing was defined in the adenovirus in 1977 and demonstrated that one pre-mRNA molecule could be spliced at different junctions to result in a variety of mature mRNA molecules, each containing different combinations of exons.

Shortly afterward, alternative splicing was found to occur in cellular genes as well, with the first example identified in the IgM gene, a member of the immunoglobulin superfamily (Early et al., 1980). Another example of a gene with an impressive number of alternative splicing patterns is the Dscam gene from Drosophila, which is involved in guiding embryonic nerves to their targets during formation of the fly's nervous system. Examination of the Dscam sequence reveals such a large number of introns that differential splicing could, in theory, create a staggering 38,000 different mRNAs. This ability to create so many mRNAs may provide the diversity necessary for forming a complex structure such as the nervous system (Schmucker et al., 2000). In fact, the existence of multiple mRNA transcripts within single genes may account for the complexity of some organisms, such as humans, that have relatively few genes (approximately 20,000). 

The Past and Future of Introns 

The existence of introns and differential splicing helps explain how new genes are created during evolution. Splicing makes genes more "modular," allowing new combinations of exons to be created during evolution. Furthermore, new exons can be inserted into old introns, creating new proteins without disrupting the function of the old gene. 

Our knowledge of RNA splicing is quite new. Nonetheless, because nearly all eukaryotes have introns and share mechanisms of RNA splicing, splicing itself must be quite ancient. Proponents of the "intron-early" theory suggest that all organisms (including prokaryotes) at one time had introns in their genome but subsequently lost these elements, while "intron-late" supporters believe that the restriction of introns to eukaryotes suggests a more recent introduction (Roy & Gilbert, 2006). There is no apparent pattern in which eukaryotes have introns, and that makes it difficult for researchers to make predictions about how introns were gained or lost through evolution. What is clear, however, is that introns and splicing have clearly played a significant role in evolution, and scientists are only beginning to discover the nature of that role.
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