
Alternative RNA processing:
Two examples of complex eukaryotic transcription units and the effect of

mutations on expression of the encoded proteins.

The RNA transcribed from a complex transcription
unit (blue) can be processed in alternative ways to
yield two or more functional monocistronic
mRNAs. Dashed lines indicate spliced-out introns.

 (a) A complex transcription unit whose primary
transcript has two poly(A) sites produces two
mRNAs with alternative 3’ exons.

(b) A complex transcription unit whose primary
transcript undergoes exon skipping during
processing produces alternative mRNAs with the
same 5’ and 3’ exons. In this example, some cell
types would express the mRNA including exon 3,
whereas in other cell types, exon 2 is spliced to exon
4, producing an mRNA lacking exon 3 and the
protein sequence it encodes.

In (a) and (b), mutations (designated a) within
exons shared by the alternative mRNAs (solid red)
affect the proteins encoded by both alternatively
processed mRNAs. In contrast, mutations
(designated b and c) within exons unique to one of
the alternatively processed mRNAs (red with
diagonal lines) affect only the protein encoded by
that mRNA.



Negative and positive control of alternative RNA splicing.

(A) Negative control, in which a repressor protein binds to the primary RNA
transcript in tissue 2, thereby preventing the splicing machinery from
removing an intron sequence.

(B) Positive control, in which the splicing machinery is unable to remove a
particular intron sequence without assistance from an activator protein.



Regulated alternative RNA splicing produces cell-
type-specific forms of a gene product.

Here two slightly different tyrosine protein kinases are produced
from the src gene because exon sequence A is included only in nerve
cells. The neural form of the Src protein contains an extra site for
phospho-rylation and is also thought to have a higher specific
activity. Only the protein-coding exons (colored) are shown in this
diagram (exon 1, which forms the 5' leader on the mRNA, is not
shown). (After J.B. Levy et al., Mol. Cell Biol. 7:4142-4145, 1987.)



Distribution of exon numbers in the genes of three organisms.



Major Points
1. Primary eukaryote RNA transcripts can undergo 
     alternative splicing  events giving rise to multiple 
     gene products

2. The regulation of alternative splicing is mediated 
      by both negative positive protein factors

3. Splice variants and their gene products can account
      for a significant percentage of the added “complexicity”  
      of higher eukaryotes



1. RNAi is required for chromosome segregation,
differentiation, and limb patterning in mammals.

2. Many microRNAs are conserved across phyla.

3. More than 1/3 of all human genes are potential
microRNA targets.

4. microRNAs have been linked to several diseases
including diabetes and cancer.

RNAi regulates numerous
biological processes
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siRNAs have the molecular hallmarks
of an RNaseIII-like cleavage
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siRNAs &
miRNAs are
genetically
linked



Overview of RNAi
pathways



Additional RNAi
mechanisms: nuclear
events
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Additional RNAi
mechanisms: siRNA
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Major Points
1. Double stranded RNA in eukaryotic cells undergo a
     set of processing events that generate “anti-sense”
     small interfering RNAs that regulate gene expression

2. siRNA can target specific genes by interfering with
     either mRNA integrity or protein synthesis

3. There are multiple classes of small regulatory
     RNA’s including siRNAs and miRNAs

4. siRNAs can also regulate gene expression by other
     mechanisms involving chromatin or DNA modifications



Protein Translation

The genetic code
Protein synthesis Machinery

Ribosomes, tRNA’s



A comparison of the structures of procaryotic and eucaryotic messenger RNA molecules. Although both
mRNAs are synthesized with a triphosphate group at the 5’ end, the eucaryotic RNA molecule immediately
acquires a 5’ cap, which is part of the structure recognized by the small ribosomal subunit. Protein synthesis
therefore begins at a start codon near the 5’ end of the mRNA. In procaryotes, by contrast, the 5’ end has no
special significance, and there can be multiple ribosome-binding sites (called Shine-Delgarno sequences) in the
interior of an mRNA chain, each resulting in the synthesis of a different protein.



Start signals for the initiation of protein synthesis in (A) prokaryotes
and (B) eukaryotes. In eukaryotic mRNAs the 5’ end, called a cap,
contains modified bases.

Shine-Delgarno
sequence





Sequences on the mRNA that serve as signals for initiation of protein synthesis in bacteria. (a)
Alignment of the initiating AUG (shaded in green) at its correct location on the 30S ribosomal subunit
depends in part on upstrteam Shine-Dalgarno sequences (shaded in red). Portions of the mRNA transcripts of
five prokaryotic genes are shown. (b) The Shine-Delgarno sequences pair with a sequence near the 3’ end of
the 16S rRNA.



Pairing relationships of codon
and anticodon. Alignment of the
two RNAs is antiparallel. The tRNA is
shown in the traditional cloverleaf
configuration.
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