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Eukaryotic vs. Prokaryotic genes

Like in prokaryotes, Eukaryotic genes are regions of 
DNA that act as templates for the production of RNA 
by RNA polymerases
Recall Prokaryotic transcription:
– Transcription factors bind to specific DNA sequences upstream 

of the start of operons, or sets of related genes.
– Transcribed mRNA is directly translated by ribosomes.

In Eukaryotes, 
– Each gene has its own transcriptional control (no operons)
– mRNA is processed before translation

Eukaryotic Genes

Eukaryotic genes divided by long 
intergenic regions
They are also interrupted by long 
regions of non-coding sequence 
called introns.
Each contiguous portion of a coding 
sequence is called an exon.
– mnemonic: EXons are EXpressed, INtrons 

are INserts into genes.
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mRNA processing

After transcription, but before translation, mRNAs are 
processed.  Processing includes
– Splicing out introns
– A 5' 7-methylguanylate cap (m7Gppp) is added
– Polyadenylation adds a PolyA tail.
– Processed mRNA is called mature

5' cap prevents degradation
until translation
Poly-A tail plays a role in
transport to ribosome

5' capping

Almost as soon as the pre-mRNA starts coming off of 
the DNA, it's 5' end is capped
Process is to
– phosphorylate (driven 

by DNA polymerase)
– Add guanine
– Methylate the guanine
– Methylate the

methionine codons

Needed for 
translation to start

Polyadenylation

Nearly all mRNAs have a signal
after the stop codon containing 
the sequence AAUAAA
– This is the polyadenylation signal

An enzymatic system
recognizes this signal, and 
adds ~200 A's to the transcript
Without a poly-A tail, 
transcripts are rapidly 
degraded in the nucleus. 
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Untranslated regions

Mature mRNAs can have untranslated regions at either 
end.  
– Before start codon is 5' UTR
– After stop codon is 3' UTR

Signals in these regions are sometimes used to direct 
active transport of these mRNAs to particular parts of 
the cell.
UTRs are also related to mRNA stability and 
degradation.

Intron Splicing

Introns are removed from mRNA before translation.
Introns have consensus signals at their ends
They also have different average composition than 
coding regions.
Details of splicing mechanism is still incompletely 
understood

Splicing mechanism

Happens in nucleus, near site of transcription.
Mechanism is an assembly of small nuclear RNAs 
(snRNAs) and proteins called the spliceosome.
Consensus signals at ends of intron are detected by 
spliceosome RNAs.
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Splicing mechanism

Splicing must be very precise, or frameshift errors will 
lead to nonsense proteins.

Control of Gene Expression

Gene expression is more elaborately controlled in 
eukaryotes than prokayrotes.
– Expression varies in different specialized cell types, and during 

development. 
Many control points: 
– Transcription, mRNA processing, mRNA transport, translation, 

post-translational modifications
Each gene has its own control regions
– A very small number of Eukaryotic genes are expressed in 

operon-like groups.

Control is Hierarchical 
and Combinatorial

Different combinations of transcription factors make 
possible a very large number of different control 
signals 
– Genome-wide expression studies seem to indicate that each gene 

has at least slightly different control.

Different regulatory factors must interact with each 
other in precise ways for transcription
Some transcription factors control the expression of 
other transcription factors
– Single “master control” factors can influence the expression of a 

large number of genes.
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Players in transcription control

Core promotor is 
Prokaryote-like
Activators
– Bind to distant upstream 

regions called enhancers
– Also bind to co-activator 

adaptors linked to core 
Repressors
– Bind to silencers which 

interfere activator binding 
to enhancers.

More realistic picture of 
transcription regulation

Transcription and identity

The protein coding regions of the genomes of such 
diverse creatures as mammals are remarkably similar
Non-coding regions are much more divergent, 
including regulatory regions
Some speculate that much of the differences among us 
are due to differences in expression of genes, rather 
than differences in the proteins they code for...



6

Post-transcriptional control

Unlike Prokaryotes, protein production in Eukaryotes 
is controlled at many points after transcription
– Alternative splicing:  Different exons are spliced together
– mRNA degradation: Rates vary from mRNA to mRNA, and 

are under active control
– Transport out of the nucleus: active transport through nuclear 

pores.
– Subcellular localization: some mRNAs are constrained to 

particular regions of the cell
– mRNA binding proteins: control translation directly.

Alternative splicing

Genes can be alternatively spliced meaning that 
different sets of exons are assembled 
– Leads to proteins with shared and distinct subsequences. 
– Example: proteins responsible for frequency sensitivity in 

auditory hair cells.

mRNA degradation

3' UTR signals control degradation rates for particular 
proteins (e.g. cyclins)
Iron transport is tightly regulated, including by active
mRNA degradation control
– Normally, the mRNA for transferrin receptor (an iron related 

enzyme) is rapidly degraded.
– When iron concentration is

low, another protein binds 
to iron responsive elements
(IREs) in the mRNA and 
reduces the degradation rate.
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Transport in and out 
of the nucleus

Active transport of mature
mRNAs out of the nucleus 
and of nuclear associated 
proteins back in is mediated
by the nuclear pore.

Subcellular localization

mRNAs and proteins can be targeted to specific 
regions of the cell. “Zip Coding”
Controlled by 3' UTR sequences
For example, mRNAs for proteins that will be excreted 
are directed to the rough endoplasmic reticulum (ER) 
for translation. 
Some transport is by microtubules.

mRNA binding proteins

Some proteins need to be able to change synthesis 
rates very quickly.
– mRNA synthesis and transport isn't fast.

One mechanism is translational regulation
– Example: Ferritin (opposite of transferrin).  When iron 

concentation is low, active IREs bind to 5' UTR and prevent 
translation.  When
iron concentration is high,
IREs inactivate, and 
translation begins immediately. 
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Control of rRNA production

Nucleolus is a specialized area of the nucleus for 
making rRNA.  Appears as dark spot.
– Not bound by a membrane, but assembled by brining together 

various pieces of DNA that code for rRNAs.
– Manages rRNA recycling and assembly of rRNAs with proteins 

to form ribosomal 
subunits before transport 
to cytoplasm

– Disappears during mitosis.

Gene Families

In metazoans, 50-75% of genes are found in groups of 
similar but slightly different sequences called gene 
families. 
– Example: Human �-globin, which transports oxygen in the 

blood, has 7 variants, 2 of which are expressed fetally.

These arise from gene duplication events.
– Similar to homologous recombination, but during sexual 

reproduction, makes an extra copy of the gene

Tandem repeats have identical members.
– Example: histones, rRNAs, tRNAs

Pseudogenes are untranscribed duplicates.

Repeated DNA elements

Certain genes that are transcribed at high levels must 
have many tandem repeats
Number of repeats is  gene copy number.
All Eukaryotes have copy number > 100 for the 5S 
rRNA.
– Embryonic human cells have 5-10 million ribosomes, and 

reproduce every 24 hours.  That's a lot of rRNA synthesis!
– Frogs have a 5S rRNA copy number of >20,000!

Human DNA is also full of “junk” repeats of many 
varieties (ALUs, LINES, SINES, etc.)
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Gene Duplication and Evolution

Gene duplication events are very important in the 
evolution of new functions for old genes.
Genes that are similar to other genes in the same 
genome are called paralogs.
Duplications allow mutation without loss of old 
function.  
Deactivated pseudogenes are even freer to mutate. 
Reactivation can restart transcription of changed gene.

Coming attractions

We've covered much of the molecular biology of the 
Eukaryotic cell!
Next we will start to look at some details of 
multicellular organisms:
– Somatic vs. germ line cells & sexual reproduction
– Specialized cell types and tissues
– Development
– Cell to cell signaling and control
– The evolutionary origins of multicellular organisms


