
Genetic Variation II 











May alter pre-RNA splicing 



Cell 2014 1561129-1131DOI: (10.1016/j.cell.2014.02.037) 

(A) A synonymous mutation leads to the gain of an exonic splicing enhancer motif. 

Consequently, binding of the splicing regulator SRSF1 is enhanced, resulting in the inclusion 

of an otherwise skipped exon.

(B) A synonymous mutation deactivates an exonic splicing silencer motif, thereby abolishing the 

binding of hnRNP splicing regulators

May alter pre-RNA splicing 



May alter mRNA secondary structure 

The consequences of a synonymous single nucleotide change on the predicted structure of the mRNA (mfold)

The predicted (mfold) structures of the Ile507-ATC and Ile507-ATT ΔF508 CFTR mRNAs. 

The sequences represent human CFTR mRNA fragments encoding the region of NBD1 near the ΔF508 

mutation. The locations of the altered nucleotides (C and U) are highlighted in red.

Ile507-ATC and Ile507-ATT 

may alter translation 

initiation efficiency, 

translation elongation 

rate,

ribosomal pause rhythm, 

cotranslational folding or

the overall fate of the 

protein
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nonsense-mediated mRNA decay (NMD)

50 to 55 nucleotides upstream of the 3' most splice-generated exon-exon junction
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Figure 1.16 The process of RNA splicing

exon–intron boundaries 

(splice junctions)



Fig 1.17 3 splice junction consensus DNA sequences in introns of complex eukaryotes

Most introns in eukaryotic genes contain conserved sequences that correspond to three 

functionally important regions:

Two of the regions, the splice donor site and the splice acceptor site, span the 5′ and 3′ 

boundaries of the intron

The branch site is an additional important region that typically occurs less than 20 nts upstream 

of the splice acceptor site

The nucleotides shown in red in these three consensus sequences are almost invariant. 

The other nucleotides detailed in both the intron and the exons are those most commonly found 

at each position. 

In some instances, two nucleotides may be equally common, as in the case of C and T near the 

3′ end of the intron. Where N appears, any of the four nucleotides may occur.



Figure 1.18 The mechanism of RNA splicing

(A) The unprocessed primary RNA transcript with 

intronic RNA separating sequences E1 and E2 that 

correspond to exons in DNA

(B) The splicing mechanism involves a nucleophilic 

attack on the G of the 5′ GU dinucleotide. This is 

carried out by the 2′ OH group on the conserved A 

of the branch site and results in the formation of a 

lariat structure and cleavage of the splice donor 

site

(C) The 3′ OH at the 3′ end of the E1 sequence performs 

a nucleophilic attack on the splice acceptor site, 

causing release of the intronic RNA (as a lariat-

shaped structure) and  fusion (splicing) of E1 and 

E2.



Fig 1.19 Role of small nuclear ribonucleoprotein (snRNPs) in RNA splicing

A) The unprocessed primary RNA transcript 

B) Within the spliceosome, part of the U1 snRNA is 

complementary in sequence to the splice donor site 

consensus sequence. As a result, the U1 snRNA-protein 

complex (U1 snRNP) binds to the splice junction by 

RNA–RNA base pairing. The U2 snRNP complex 

similarly binds to the branch site by RNA–RNA base 

pairing. 

C) Interaction between the splice donor and splice acceptor 

sites is stabilized by the binding of a multi-snRNP

particle that contains the U4, U5, and U6 snRNAs. 

• The U5 snRNP binds simultaneously to both the splice 

donor and splice acceptor sites. 

• Their cleavage releases the intronic sequence and allows 

(D) E1 and E2 to be spliced together.




