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Spliceomics 
 

 

 

Spliceosomes are complex of ribonucleic machines in eukaryotes that remove the non-

coding introns from primary transcript, precursor mRNA (pre-mRNA or hnRNA). 

Alternatively, the term spliceosome can be used to describe the complete set of all 

possible alternative splices in an organism, analogous to the genome or proteome. 

Spliceosomes are variably composed of as many as 300 distinct proteins and five RNAs, 

making them among the most complex macromolecular machines known. Essential 

components of the spliceosome are the small RNA-protein complexes called small 

nuclear ribonucleoproteins (snRNPs, pronounced 'snurps'). These are U1, U2, U4, U5, 

and U6, so named because they are rich in uridine nucleotides. In addition to snRNPs, 

splicing requires many non-snRNP protein factors. The snRNPs participate in several 

RNA-RNA and RNA-protein interactions. 

 

 

 
 

Source: http://www.phschool.com/science/biology_place/biocoach/transcription/premrna.html 

 

The spliceosome recognizes specific conserved (5', 3', branch) splice sites on the pre-

mRNA. The intronal area between these locations is excised, and the two exons are 

spliced (ligated). The U1 and U2 snRNPs bind to the 5´ splice site and the branch point of 

pre-mRNA respectively, and a pre-assembled U4/U6·U5 tri-snRNP then joins these 

snRNPs to form the spliceosome. The 5´ end of U1 snRNA is complementary to the 

conserved sequence at the 5´ splice site, and hence the recognition of the 5´ splice site is 

achieved partly through RNA base-pairing. The conserved sequence at the branch point 

also pairs with a complementary sequence within U2 snRNA. Upon spliceosomal 

assembly the extensive base-pairing between the U4 and U6 snRNAs is unwound, and 

U6 snRNA subsequently base-pairs with U2 snRNA and the 5´-splice site, thereby 

displacing U1 snRNA. The first trans-esterification reaction results in the cleavage of 

exon1, and the formation of a lariat intron intermediate. A highly conserved loop in U5 
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snRNA aligns the 5´ and 3´ splice site for the second trans-esterification reaction. Thus 

nuclear pre-mRNA splicing is a highly dynamic process involving transient RNA–RNA, 

protein–protein and RNA–protein interactions. Spliceosome assembly is controlled by 

phosphorylation and dephosphorylation. The structure of the assembled snRNAs and pre-

mRNA within the active spliceosome bears some resemblance to that of group II self-

splicing introns. This is consistent with the interesting idea that nuclear pre-mRNA 

splicing may be derived from group II intron self-splicing. 

 

Spliceosomal proteins are divided into snRNP proteins that are tightly associated with 

snRNAs, and non-snRNP splicing factors. Protein components of the snRNPs are further 

classified into one of two groups: specific proteins that are found only in a given snRNP 

and the Sm proteins that associate with U1, U2, U4 and U5 snRNAs. The Sm proteins 

assemble around a U-rich RNA sequence called the Sm site within U1, U2, U4 and U5 

snRNAs and form a stable globular core domain in these snRNPs. Some of the snRNP 

proteins contain previously identified sequence motifs, such as zinc fingers, helicase, 

protein kinase, GTPase and peptidyl/propyl cis–trans isomerases motifs. 
 

 

Pre-mRNA splicing 

 

Eukaryotic pre-mRNAs are transcribed from intron containing genes, the sequences 

encoded by the intronic DNA must be removed from the primary transcript prior to the 

RNA's becoming biologically active. The process of intron removal is called RNA 

splicing, or pre-mRNA splicing. The intron-exon junctions (splice-sites) in the precursor 

mRNA (pre-mRNA) of eukaryotes are recognized by trans-acting factors (prokaryotes 

RNAs are mostly poly-cistronic). In pre-mRNA splicing the intronic sequences are 

excised and the exons are ligated to generate the spliced mRNA. 

 

Group I introns occur in nuclear, mitochondrial and chloroplast rRNA genes whereas 

Group II introns in mitochondrial and chloroplast mRNA genes. 

 

Many of the group I and group II introns are self-splicing in that no additional protein 

factors are necessary for the intron to be efficiently and accurately excised and the strands 

reattached. "The nucleotide sequence of group II self-splicing introns is highly conserved, 

and hence these introns fold into an evolutionarily conserved three-dimensional structure, 

which can undergo a self-splicing reaction in the absence of any trans-acting factors  

In contrast, the nucleotide sequences and length of nuclear pre-mRNA introns is highly 

variable, except for the short conserved sequences at the 5´ and 3´ splice sites and the 

branch points*. Therefore nuclear pre-mRNA splicing requires trans-acting factors, 

which interact with these short conserved sequences, and from which the catalytically 

active spliceosome is assembled. 

 
 

 

General functions of pre-mRNA splicing  

 Removal of introns 

 Alternative splicing  
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o Definition: Joining of different 5' and 3' splice sites  

o General features  

o ~80% of alternative splicing results in changes in the encoded 

protein  

o Up to 59% of human genes express more than one mRNA by 

alternative splicing  

o Functional effects: Generates several forms of mRNA from single gene 

o Allows functionally diverse protein isoforms to be expressed 

according to different regulatory programs 

o Structural effects: Insert or remove amino acids; Shift reading 

frame; Introduce termination codon  

o Gene expression effects: Removes or inserts regulatory elements 

controlling translation, mRNA stability, or localization  

o Regulation  

o Cell specific 

o Splicing pathways modulated according to: Cell type; 

Developmental stage; Gender; External stimuli 

Exons  

 Internal exons average 145 nucleotides in length 

 Also contain regulatory elements  

o Required for efficient splicing of constitutive and alternative exons 

o Different sets of auxiliary & regulatory elements used by different genes  

o Types  

 ESEs: Exonic splicing enhancers 

 ESSs: Exonic splicing silencers 

Introns  

 Average more than 10x longer than exons 

 Also contain regulatory elements  

o Modulate cell-specific use of alternative exons 

o Act by binding multicomponent regulatory complexes 

o Types  

 Uses: Intronic splicing enhancers 

 ISSs: Intronic splicing silencers 

Splice sites- Locations: At intron/exon borders 

 Types  

o 5' splice site  

 Sequence: AGguragu 

 U1 snRNP: Binds to 5' splice site 

o 3' splice site  
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 Sequence: yyyyyyy nagG (y= pyrimidine) 

o Branch site  

 Sequence: ynyuray (r = purine) 

 U2 snRNP: Binds to branch site via RNA:RNA interactions 

between snRNA and pre-mRNA  

 Structure: Short; Contain typical "degenerate" sequences 

There are number of online tools available for the splice site prediction tools. 

 

 

Splice site prediction tool 

 

(1) SplicePort: SplicePort is a splice-site analysis tool that makes splice-site predictions 

for submitted sequences, and allows browsing of predictive signals and motif exploration. 

This collection of signals is capable of achieving high classification accuracy on human 

splice sites. The server is available at 

http://spliceport.cs.umd.edu/SplicingAnalyser2.html 

 

 
 

 

(2) GeneSplicer: It is a computational method for splice site prediction.  A fast, flexible 

system for detecting splice sites in the genomic DNA of various eukaryotes. The system 

has been trained and tested successfully on Plasmodium falciparum (malaria), 

Arabidopsis thaliana, human, Drosophila, and rice. The web interface server is available 

at http://www.cbcb.umd.edu/software/GeneSplicer/gene_spl.shtml 

http://spliceport.cs.umd.edu/SplicingAnalyser2.html
http://www.cbcb.umd.edu/software/GeneSplicer/gene_spl.shtml
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(3) NetGene2 Server: The NetGene2 server is a service producing neural network 

predictions of splice sites in human, C. elegans and A. thaliana DNA. The server is 

available at http://www.cbs.dtu.dk/services/NetGene2/ 

 

 
 

 

(4) Alternative Splice Site Predictor (ASSP):  It is predicts putative alternative exon 

isoform, cryptic, and constitutive splice sites of internal (coding) exons. Skipped splice 

sites are not differentiated from constitutive sites. Non-canonical splice sites are not 

detected. Alternative splicing is predicted based on the DNA/RNA sequence information 

only. For splice site prediction within a sequence putative splice sites are preprocessed 

using position specific score matrices. The web interface is available at 

http://www.es.embnet.org/~mwang/assp.html  

 

http://www.cbs.dtu.dk/services/NetGene2/
http://www.es.embnet.org/~mwang/assp.html
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(5) GenomeScan:  GenomeScan is used for predicting the locations and exon-intron 

structures of genes in genomic sequences from a variety of organisms. The server is 

available at http://genes.mit.edu/genomescan.html  
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