
Chapter 5 Topics
1. Animal Life Cycles (We are kind of ignoring plants 
and may other groups!!! )
2. Structure of DNA in Eukaryotes and Prokaryotes! 
(and HGT)
3. Replication of DNA (copying of DNA) in mitosis 
4. Making proteins!

• Transcription-going from DNA to mRNA
• Translation-going from mRNA to protein

5. Gene regulation!
6. Sizing up the Genome
7. Mutations 
8. Mitosis and Meiosis (sexual reproduction)
9. Mendel and Punnett Squares
10. Getting more real…



Now we get to the fun stuff!

5. Gene regulation!



Gene regulation in Eukaryotes is so important when we 
look at the diversity of life on earth.

What is gene regulation? 

How are some genes expressed (making proteins) while 
others are not?

How do some genes get expressed only at certain times?

How do genes know how much of a protein to make? 

Obviously not every cell is always making everything it has 
“the instructions“ for! 

(housekeeping genes)



What are the different ways genes are regulated?

1. Epigenetic modifications
2. Transcription factors
3. Post-transcriptional modification or processing of 
mRNA 
4. Post-transcriptional blocking of mRNA (by microRNA)
5. Post-translational modification of the polypeptide



(FYI your text categorizes these slightly differently)

1. Epigenetic modifications

histone modification affects coiling of DNA  or 
methylation (addition of methyl groups) “covers” the DNA

Access to the DNA “from above” is blocked so mRNA 
cannot be made. 

“epigenetic” means above the genome



Wikipedia!



Cool Epigenetic facts!

Epigenomic modifications or tags generally remain as cells 
divide or go through mitosis.

Parts of the genome may be shut down as cells specialize 
during development.

Environmental influences, such as your diet and exposure to 
pollutants and level of exercise and stress, can impact your 
epigenome! 

Tags may also persist through meiosis (to next generation 
when gametes are made). 

So parents may pass their tags on to their offspring!

Do these epigenetic effects sound Lamarckian?



What are the different ways genes are regulated?

1. Epigenetic modifications
2. Transcription factors
3. Post-transcriptional modification or processing of 
mRNA 
4. Post-transcriptional blocking of mRNA (by microRNA)
5. Post-translational modification of the polypeptide



Regulation may occur ….(continued)

2. Transcription factors

transcription factors are proteins that trigger making of 
mRNA 
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In Eukaryotes transcription factors (which are proteins) bind 
at a region called the promoter triggering the making of the 
mRNA (which actually starts at as single nucleotide which is 
the transcription point)

They kind of recruit RNA polymerase to the promoter

Remember that gray blob of RNA 
polymerase?  How did it know where to 
attach?    Transcription factors!



It might be that genes are turned on or off (transcribed) 
based on these transcription factors (your text says like a 
light switch).

More info but not required…

Binding sites (places where transcription factors attach) for 
these transcription factors can be close to the gene of 
interest or far away from the gene (how crazy is that-the 
DNA can fold to bring them closer).

Also note that the gene control region (or locus control 
region) is just the part of the genome that these 
transcription factors bind to. There are other things that 
might attach to these regions other than transcription 
factors.



And even more info but not required…
(This is an image from your text!)

The dark green blobs (activators) and the orange blob 
(repressor) and the yellow blobs (basal transcription factors) 
are all transcription factors. (Activators activate and attach 
to an enhancer sequence, repressors repress and attach to a 
silencer sequence.)



Take away…there are a lot of different kinds of 
transcription factors! 

Their presence clues the RNA polymerase to the fact 
that transcription needs to happen at that place on that 
chromosome.

Absence means no transcription happens.

So they regulate genes! 



1. Epigenetic modifications
2. Transcription factors
3. Post-transcriptional modification or processing of 
mRNA 

Regulation may also occur ….

By affecting how mRNA is processed after it is 
transcribed

In Eukaryotes we actually first make a 

“pre-mRNA” 
“an RNA transcript” 

“primary RNA transcript” 
“immature RNA transcript”



In Eukaryotes this initial RNA sequence or pre-mRNA needs 
to go through post-transcriptional modification before 
becoming a mature mRNA!

What happens?

• Ends modified (5’ cap, poly-A tail added) 

(Why? Seems to help export process, may reduce degradation at ends, 
may help ribosome grab.)
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• Interior sections or introns cut out and trashed and 
exons kept and spliced together=RNA splicing.



Introns cut out and
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So….the mRNA molecule that enters cytoplasm is a very 
abridged version! 



RNA splicing is really amazing because…..

A single gene can encode more than one kind of 
polypeptide or protein –depends on which sections 
treated as exons! 
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So lets say you were going to make a protein out of only 
two of the exons above rather than the three…how many 
different proteins could you potentially make?
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FYI…”Troponins are a group of proteins found in 
skeletal and heart (cardiac) muscle fibers that 
regulate muscular contraction.” Wikipedia!
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Why is this great for the organism?

Different types actually work in different kinds of muscles.
One might work better in the heart while the other might 
work better for skeletal muscle. 



RNA splicing can create multiple proteins from a single gene  
(and these proteins can have very, very different jobs). 

In other words…. protein products are much more diverse 
than number of genes in Eukaryotes.

Proteome!
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3. Post-transcriptional modification or processing of 
mRNA 

Where does it happen?



I asked AI to give me some examples of alternative mRNA splicing and this is what it gave me!

Single genes can generate vastly different, sometimes opposing, protein isoforms through alternative 

splicing to maximize proteomic diversity. 

Top examples include the Dscam gene (over 38,000 isoforms for nervous system wiring), Calcitonin/CGRP 

(calcium regulation vs. neurotransmitter), and Bcl-X (pro- vs. anti-apoptosis). Over 95% of human multi-exon 

genes undergo this process.

Examples of Single Genes Making Diverse Proteins:

•Dscam (Down syndrome cell adhesion molecule) in Drosophila: Known as the "record-holder," this single 

gene can produce 38,016 potential isoforms. The resulting proteins are essential for self-avoidance in neuronal 

wiring, with different isoforms ensuring unique cell-cell recognition.

•Calcitonin/CGRP Gene (CALCA): This gene produces two completely different proteins based on tissue. In 

thyroid C cells, it produces calcitonin (involved in calcium regulation), but in neurons, it produces CGRP 

(calcitonin gene-related peptide), a neurotransmitter.

•Bcl-X (Apoptosis Regulator): A classic example of functional opposites, alternative 5' splice sites create two 

variants. Bcl-(long form) is anti-apoptotic (promotes cell survival), while Bcl-(short form) is pro-apoptotic 

(promotes cell death).

•Doublesex (dsx) in Drosophila: This gene acts as a binary switch in sex determination. Splicing leads to 

different protein variants in males and females that activate sex-specific developmental pathways.

•Dystrophin (DMD): As the largest known human gene, it uses complex splicing to produce tissue-specific 

isoforms, including different forms for muscle cells versus brain tissues.

•CD45 (Protein Tyrosine Phosphatase Receptor Type C): Expressed in white blood cells, the inclusion or 

exclusion of specific exons (4, 5, and 6) alters the extracellular domain of the protein, regulating immune system 

signaling.

•Titin (TTN): This human muscle protein gene contains 364 coding exons and generates diverse isoforms that 

adjust the elasticity of muscles in different developmental stages (e.g., fetal vs. adult heart).

•Ketohexokinase (KHK): Splicing produces two isoforms, KHK-A and KHK-C, with different metabolic roles; one 

is associated with fructose metabolism in the liver, while the other is linked to cancer cell proliferation.

These examples demonstrate how a single, limited genome can produce a massive, functional proteome, allowing 

cells to tailor their responses based on the specific protein variants produced.



A research article 
on alternative 
RNA splicing….

Check it out!



So far we have talked about…
1. Epigenetic modifications
2. Transcription factors
3. Post-transcriptional modification or processing of 
mRNA 
4. Post-transcriptional blocking of mRNA (by microRNA)

Now, once you have your mature mRNA gene regulation 
may also occur ….



How does this happen?
microRNA (miRNA) out in the cytoplasm can block translation 
and so silence genes (or stop their proteins from being ”made”)

Equivalent of our red ribbon in previous images.





1. Epigenetic modifications
2. Transcription factors
3. Post-transcriptional modification or processing of mRNA 
4. Post-transcriptional blocking of mRNA (by microRNA)

and finally…..

5. Post-translational modification of the polypeptide



5. Post-translational modification of the polypeptide

After translation the chain of amino acids will coil and fold 
due to its primary structure (the order of the a.a.)

• Groups are added (sugars, lipids, phosphate groups) 

• Parts might be removed (e.g. amino acids from leading 
end or middle  EX. Insulin is formed after a chunk of 
a.a. are taken out of its middle.)

• Several polypeptides may be joined together (e.g. 
hemoglobin has several subunits that are joined 
together)



https://www.researchgate.net/figure/Structure-of-hemoglobin-showing-its-alpha-and-beta-subunits-and-
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Post Translational Modifications-summary 

These modifications take the chain of amino acids made 
by the ribosome (remember polypeptide-is just the chain 
of amino acids)…

And makes it into a protein or a mature protein (which is 
the finished product)



1. Epigenetic modifications
2. Transcription factors
3. Post-transcriptional modification or processing of mRNA 
4. Post-transcriptional blocking of mRNA (by microRNA)
5. Post-translational modification of the polypeptide

Some terminology:
Gene expression may be increased or decreased by any or 
all of these processes….

Up-regulation = increased expression of genes and the 
proteins encoded by those genes.

Down-regulation = decreased expression of genes and the 
proteins encoded by those genes. 



Wrap up importance of Gene regulation

Why do we care about gene regulation?

What does it do for us?

Prokaryotes regulate their genes but nearly as much as 
Eukaryotes

Why do you think all these controls evolved?

Hint: While there are single celled eukaryotes, many are 
multicellular! 

“Control“ and “Management“ of cells becomes very 
important when you are multicellular. 
Why? What is cancer?



Control and management is important because 
multicellular organisms have cells that go through 
mitosis and specialize into different populations of cells 
called tissues that have different jobs.

These different jobs mean they express different genes. 

• Liver cells make loads of enzymes to break down 
drugs and toxins.

• Certain immune cells produce antibodies to help 
fight infections. 



Different patterns of gene expression mean cells in 
multicellular adult organisms differ in structure (or shape)

Each sperm cell turns on 
genes needed to develop its 
wagging flagellum. 

Rod and cone cells in your eye 
express genes needed to form their 
characteristic shapes (cyclindrical and 
cone-shaped respectively). 



Different patterns of gene expression mean cells differ in
number of mitochondria….

• Heart muscle cells contains several thousand 
mitochondria—around 25 percent of the cell's 
volume. 

• Cells that don't need much energy, like skin cells, 
contain only a few hundred mitochondria. 

And where did those mitochondria come from????



Different 
patterns of 
gene 
expression 
mean cells 
differ in 
lifespan and 
thus go 
through 
mitosis at 
different 
rates!
Gene expression signatures of 
human cell and tissue longevity
Inge Seim1,2, Siming Ma1 and 
Vadim N Gladyshev1



Chapter 5 Topics
1. Animal Life Cycles (We are kind of ignoring plants 
and may other groups!!! )
2. Structure of DNA in Eukaryotes and Prokaryotes! 
(and HGT)
3. Replication of DNA (copying of DNA) in mitosis 
4. Making proteins!

• Transcription-going from DNA to mRNA
• Translation-going from mRNA to protein

5. Gene regulation!
6. Sizing up the Genome
7. Mutations 
8. Mitosis vs Meiosis (sexual reproduction)
9. Mendel and Punnet Squares
10. Getting more real….



Sizing up the Genome

What is in your genome? 

“Exploring the Landscape of the Genome”



http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2898077/#!po=96.8750

Estimates of number of genes in human genome

Given what 
you learned 
about gene 
regulation and 
gene 
expression 
why is it 
maybe not so 
surprising that 
we have fewer 
genes than we 
once thought?

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2898077/#!po=96.8750


Where do we fit in terms of other life on earth (number 
of genes)? 

2010 paper said.. “Between a chicken and grape….”



3 DOMAINS (great 
branchings)!

What generalizations 
you make?

Mb = million base pairs



What is the relationship 
between number of 
genes and genome 
size?

Divide the number of 
genes by genome size 
for three of the 
organisms in this table.

Mb = million base pairs



What do we mean 
by Gene Density?

Mb = million base pairs



Graphic from your text…



So what is in a typical Eukaryotic genome?

We will use us as an example!



CODING Regions (make stuff)

• 1.2% codes for proteins 
• Other parts are transcribed into rRNAs and tRNAs

Lots of NONCODING Regions!
• Gene control region-does something important
• Pseudogenes-no longer make a functional protein 

(about 17,032 of these in us)
• mobile genetic elements-copy themselves and insert 

themselves

We used to think of noncoding stuff as junk DNA but now 
rethinking this…
Much of it is “highly conserved” over long periods of 
time-suggesting?



Chapter 5 Topics
1. Animal Life Cycles (We are kind of ignoring plants 
and may other groups!!! )
2. Structure of DNA in Eukaryotes and Prokaryotes! 
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4. Making proteins!
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