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AIMS

• Introduce the genome as a concept.


• Introduce the variation in genomic structures 
across living forms.


• Introduce concepts related to the need of 
organizing genomes and biological significance.



Review



Review

What are the differences between DNA and 
RNA?

DNA RNA
Sugar deoxyribose ribose
Bases A, G, C, T A, G, C, U
Strands Double strands Single strand
Genetic material Most life Some viruses
Enzymatic 
function

None Many with 
functionStructure Double helix Linear or folded



Genome organization

What is a genome?


The entire genetic code of an organism


what does that mean?



Genome organization

How is the genetic code organized?


Thousands/ millions/ billions of nucleotide 
basepairs


How are they organized into a genome? 



Genome organization

Genome organization differ depending on:


• Genome chemical identity


• Genome size


• Genome physical architecture 


• Number of genome units


• Genome copy number


• taxonomic group (evolutionary history)



Genome chemical identity

The majority of life forms have a genetic 
material in the form of double stranded (ds) 

DNA.


Which organisms exhibit variation in the 
identity of their genomes?



Genome chemical identity

Viruses have genomes in the form of:


• Single stranded DNA

• Single stranded RNA

• Double stranded DNA

• Double stranded RNA 



The simplicity of 
lower taxa is 
reflected in the 
genome size


BUT


in eukaryotes, the 
size of the genome 
is not related to 
organisms 
complexity

Genome size



Genome size

Is the genome size a reflection of the 
complexity of the organism?


Do larger genomes have higher number of 
genes?



Genome size and gene number
Bigger genomes do not always have more genes 



Genome size and gene number
How do calculate gene density?



Genome size and gene number
Where is the size of eukaryotic genomes 

coming from?



Genome physical architecture

The genome physical architecture can be 
arranged in: 


• Linear unit(s) 

• Circular unit(s)



What is the advantage and disadvantages of 
having a circular genome?


What are the advantages and disadvantages 
of having a linear genome?


Genome physical architecture



Genome physical architecture

Circular chromosomes:


• No ends (telomeres)

• No fear of telomere 

shortening

• No need for end 

protection.

• Suitable for 

reproduction by cell 
division.



Genome physical architecture

Product of circular chromosome replication 
needs to be resolved



Genome physical architecture

Linear chromosomes:


• Ends (telomeres)

• Telomere shortening

• Meiosis?



Genome physical architecture
The genome physical architecture can be 

arranged in: 


• One unit (a single chromosome)

• Multiple units (multiple chromosomes)



Genome physical architecture
Bigger genomes are usually organized into 

multiple chromosomes



What is the advantage and disadvantages of having a 
single unit (chromosomes) genome?


What is the advantage and disadvantages of having 
multiple units (chromosomes) genome?

Genome physical architecture



Genome physical architecture

• The number of 
copies of the 
genome within cells 
varies across taxa.


• What is the 
advantage of 
having multiple 
copies of the 
genome?



Genome physical architecture
Bigger genomes are usually organized into 

multiple chromosomes



Genomes across taxa

Genomes evolved through time and genome 
organization evolved as well.



Genome organization

Why organizing the 
genome?


location location location!

Space?


How can the genetic 
code in a small space?

 



Genome organization

The characteristics of the genomes of different life forms

Viruses Prokaryotes Eukaryotes



Viral genomes

• Genome can be:

1. single stranded DNA.

2. double stranded DNA.

3. single stranded RNA.

4. double stranded RNA.


• Genome can be linear or circular.



Viral genomes
• One molecule or segmented 
genome (many pieces).


• Viruses with RNA genome are 
called retroviruses!


• Genome size 2 thousand 
basepairs (2Kb) – 2 million 
basepairs (2 Mb).


• No special organization of the 
genome.



Viral genomes

Gago S et. al., (2009). Extremely high mutation rate of a hammerhead viroid. Science 323 
(5919):1308



Prokaryotic genomes

• Most genomes are:

1. Single molecule (some multiple).

2. One circular chromosome (some linear).

3. Double stranded DNA.

4. Some have small additional circular DNA 
that can replicate independently (plasmid). 


• Genome is organized in a structure called 
(Nucleoid).




Prokaryotic genomes

•The genome is loose and not surrounded by a 
membrane (different than eukaryotes).


• Loop domain in bacterial genome contribute to 
the packaging.


• To fit the genome in a bacterial cell the DNA 
undergoes supercoiling.



Prokaryotic genomes



Prokaryotic genomes organization

Prokaryote genome organization through:

1.Nucleoid (protein DNA interaction).

2.Supercoiling.

3.DNA loops



Prokaryotic genomes organization

Relaxed circular 
chromosome

Supercoiled circular 
chromosome



Prokaryotic genomes organization



Expectations

• You know how to define the genome.


• You know how genomes are generally 
organized.


• You know the genome organization across taxa 
and the biological significance.


