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Chapter 19:
Eukaryote
Genomes

Organization, Regulation,
and Evolution

(through section 19.2 only)

Important Point:

Metazoan Phenotypic Complexity
Different cell 

types express 
different genes
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” To survive, organisms must be able to adapt to 

changes in their environments
These adaptations can occur at many different 
levels:

• Organisms can change their behaviors (ch. 51)
• Organisms can modify the expression of their 

proteins post-translationally (ch. 6 & 11)
• Organisms can change what genes are expressed 

(ch. 11, 18, & 19)
• Organisms can display norms of reaction during 

development and/or can acclimatize (ch. 14, 21, 44)
• Culture (learned behavior) can be modified (ch. 34)
• Populations can genetically evolve (ch. 22 & 23)

These are listed in reverse-order of the speed with 
which they allow the organism (or species) to react
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of control of 

gene 
expression 

In general, 
organisms are 
able to modify 

their phenotype
in response to 
external cues 

by varying what 
genes they 

express 

“Each stage 
depicted… is a 
potential control 
point at which gene 
expression can be 
turned on or off, 
accelerated or 
slowed down.” p. 
362, Campbell & Reece 
(2005)

Signal Transduction Pathways

The regulatory 
activity of some 

DNA-binding 
proteins is sensitive 
to certain hormones 
and other chemical 

signals 
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DNA structure 
impacts gene 

expression 
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Metaphase 
chromosomes
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In general, the 
less 

condensed the 
DNA, the more 

potentially 
available it is 

to RNA 
polymerase

The more 
available DNA 

is to RNA 
polymerase, 

the more 
available it is 

to transcription

Methylation
patterns tend to be 
retained following 
DNA replication: 

genomic imprinting 
(which is a form 

epigenetic 
inheritance)
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Transcriptionally
available DNA

Transcriptionally
unavailable DNA
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“The mass of histone
in chromatin is 

approximately equal to 
the mass of DNA.”

p. 360, Campbell & Reece (2005)

“The association of DNA and histones
seems to remain essentially intact 

throughout the cell cycle. The histones
leave DNA only transiently during DNA 

replication, and, with very few exceptions they 
stay with the DNA during transcription.”

p. 360, Campbell & Reece (2005)

Compacted 
nucleosomes
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Histones are 
responsible for 

initial 
compacting 

down of DNA

Further 
compacting 
makes DNA 

unavailable for 
transcription 
(here shown 

uncompacting)

Nucleosome
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Control of 
transcription is 

especially 
important in 
determining 
which genes 

are expressed 
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Enhancers, like promoters, are DNA sequences 
(rather than the proteins that bind to DNA 
sequences)
Enhancers are transcription control sequences 
analogous to transcription control sequences 
found in prokaryotes
Unlike prokaryote transcription control 
sequences, enhancer sequences may be found 
thousands of bases away from the reading 
frame
The great distance between reading frame and 
enhancer sequences as well as the distance 
between enhancers suggests that enhancer 
sequences are involved with changes of DNA 
structure that serve to enhance transcription

Activation of Transcription

In eukaryotes, the 
selective binding of 

transcription factors to 
enhancer sequences in 

DNA stimulates 
transcription of specific 

genes 

DNA Binding Proteins
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Transcription factors are proteins (rather than 
DNA sequences)
Some transcription factors bind to DNA; others 
bind to RNA polymerase, affecting what 
promoter sequences are recognized
By varying the transcription factors synthesized, 
a cell can vary what array of genes are 
expressed 
In this way cells with metabolically related 
genes found on many different chromosomes
may be simultaneously transcribed (this is 
instead of operon-mediated control of gene 
expression)
That is, similarly expressed genes would have 
similar promoters and enhancer sequences and 
thus respond similarly to specific arrays of 
transcription factors

Activation of Transcription

Transcription 
factors binding to 
RNA polymerase, 
promoters, or both
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RNA 
processing 

converts not-
yet functional 
to functional 

RNA products 
(whether or not 
they are to be 

translated)

Eukaryotic Gene & Transcript

Recall that a gene is 
not expressed, 

technically, until its 
product is active 

In the case of genes that code 
for proteins, this means an 

active protein product 
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cell can more temporally 

link transcription and 
translation; that is, 

protein production will 
not lag too far behind 

(or extend too far past) 
the signal that leads to 

mRNA production  
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The more temporally linked transcription and translation, 
the more rapidly a cell can respond to its environment via 
transcription
The strong temporal linkage between transcription and 
translation is how prokaryotes achieve rapid adaptation
to environmental cues
mRNAs in eukaryotic cells, in addition to 
posttranscriptional modification, typically require 
activation via specific protein binding in order for 
subsequent translation to take place
For example, whole arrays of mRNAs may be synthesized but 
not expressed until a time that is appropriate, such as following 
the fertilization of an egg 
How long a gene function is expressed depends on how 
long the various aspects of expression (mRNAs, 
proteins) exist prior to their degradation
Alternatively, the longer mRNAs last, the more protein 
synthesis which may be acquired per mRNA produced, 
thus reducing some of the cost of protein synthesis 

miRNAs: Preventing Translation

micro RNAs

How long a gene function is expressed depends on how 
long the various aspects of expression (mRNAs, 

proteins) exist prior to their degradation 
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another opportunity for 

regulating gene 
expression; such 

regulation occurs most 
commonly at the 

initiation stage.” p. 369, 
Campbell & Reece (2005)
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achieve their more-

rapid cellular 
adaptation to 
environmental 

conditions through 
protein 

activation/inactivation

Part of protein 
activation involves 
processing, which 

can include 
polypeptide 

cleavage, addition of 
carbohydrate, and 

targeting to 
appropriate locations

Protein Activation/Inactivation
A rapid means of 

changing phenotype
via a modification of 
protein expression is 
the simple activation 
of and inactivation of 

cellular proteins 
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mRNA 

degradation, a 
cell may be 

able to respond 
to its 

environment 
more quickly by 

selectively 
degrading no 
longer needed 

cellular 
proteins

Protein Degradation

Tags protein 
for degradation

The End


