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AIMS

• Introduce the locations where DNA can be 
found in a eukaryotic cell. 

• Introduce the genome organization of the 
mitochondrial and chloroplast genomes. 

• Introduce the nuclear genome organization. 

• Explain the histone proteins and their 
involvement in higher organization of the nuclear 
genome.



Eukaryotic genomes

Where is the eukaryotic genome located?



Eukaryotic genomes

Nuclear genome, mitochondrial genome, 
chloroplast genome



Mitochondrial genome
The mitochondria has its own genetic material



What is the function of the mitochondria? 

How many copies of the genetic material a 
mitochondria has?



Mitochondrial genome
• The mitochondrial 

genome is a small 
circular one  genome. 

• Genome organization  
is similar to 
prokaryotic genomes. 

• Notice the number of 
genes in the 
mitochondrial 
genome and their 
functions



Chloroplast genome

Chloroplast has its own genetic material



What is the function of the chloroplast? 

How many copies of the genetic material a 
chloroplast has?



Chloroplast genome

• The chloroplast 
genome is a small 
circular one  genome. 

• Genome organization  
is similar to 
prokaryotic genomes.



Why the mitochondria and chloroplast have 
similar genomes to prokaryotes?



Endosymbiosis

The mitochondrial and 
chloroplast are a result 
of an endosymbiotic 
relationships between 
various prokaryotic cells. 

Aerobic proteobacterium 
Cyanobacterium



How is the mitochondrial genome 
organized? 

How is the chloroplast genome organized? 

Do plants have mitochondrial genomes?



Nuclear genome
Where is the nuclear genome located?



Nuclear genomes

• Characteristics eukaryotic nuclear genomes 
are: 

1. Genome is a double stranded DNA.  

2. Genome arranged in several linear 
packages called chromosomes through 
interactions with several proteins. 



• The chromosomes in their most condensed 
form are called metaphase chromosomes. 

• The entire genome represented by metaphase 
chromosomes is called karyotype. 

• The number of sets of chromosomes in a given 
eukaryotic cell is referred to as the level of ploidy. 

 What is your level of ploidy?

Nuclear genomes



The genome packaged into chromosomes

Karyotype



Ploidy

• Haploid (1N): cells 
that contain one set 
of chromosomes. 
Which of human cells 
are haploid and what 
1N = ? 

• Diploid (2N): cells 
that contain two sets 
of chromosomes. 
Which of human cells 
are haploid and what 
2N = ?



The genome packaged into chromosomes

Eukaryotic nuclear chromosomes are linear with 
different chromosome copy numbers



How is the nuclear genome organized and 
packaged?



Eukaryotic genome packaging



1. Double stranded DNA + histones

•  DNA interacts with histone 
proteins to form Nucleosomes.



1. Double stranded DNA + histones

A histone octamer (H2A, H2B, 
H3, H4) x 2 interacts with DNA 
to form a nucleosome.



Histone proteins



Histone proteins

Where do histone proteins come from?



Histone proteins

• H2A and H2B form a dimer 
• H3 and H4 form a tetramer (two H3 and two H4)



Histone proteins

• H3 and H4 tetramer first bind 
to DNA. 

• two units of the H2A, H2B 
dimers then binds to DNA to 
form the histone core 
(nucleosome).



Histone proteins

How do histone proteins bind to DNA?



Histone proteins

The interactions between the amino acids of 
histone proteins and the bases of DNA



Histone proteins

Specific DNA sequences allow DNA to bend 
around histone octamer



1. Double stranded DNA + histones

147 bp of DNA goes 
around each histone 
octamer around 1.65 

times.



Histone tails

What is the function of histone tails?



Histone tail modification



Histone tail modification



1. Double stranded DNA + histones

 Between two nucleosomes 
there is a linker DNA that is ~ 

40-50 bp. 



1. Double stranded DNA + histones

Is the length of linker DNA the same across 
different species?



1. Double stranded DNA + histones
Another histone protein (H1) 
also facilitate into further 
condensation.



1. Double stranded DNA + histones

This structure is referred to as 
beads-on-a-string.



Nucleosome summary



 Nucleosomes condense to form the Solenoid 
or the 30nm fiber.

2. Nucleosomes to chromatin fiber

Histone H1 facilitates 
further condensation of 
nucleosomes



Two models of the condensation of nucleosomes 
into chromatin

2. Nucleosomes to chromatin fiber
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• Nucleosomes condense to form 
the Solenoid or the 30nm fiber.

2. Nucleosomes to chromatin fiber



• Nucleosomes condense in a spiral orientation. 
• As the name indicates the width of the molecule 
is 30nm. 

2. Nucleosomes to chromatin fiber



• Chromatin packs into: 
• Euchromatin 
• Heterochromatin.

3. Chromatin to Euchromatin and Heterochromatin



3. Chromatin to Euchromatin and Heterochromatin

Some parts of the DNA remains 
unbound to histone proteins and 
is more accessable to enzymes.



• Euchromatin: regions that condense and 
decondense during the cell cycle and normally 
represent active (loosely packed) regions 
because: 

• The regions are transcribed 
• The regions do not have a lot of repeat 
sequences. 

• Heterochromatin: regions that is condensed 
throughout the cell cycle.   

• These regions do not have genes or have 
genes that are not transcribed.

3. Chromatin to Euchromatin and Heterochromatin



 The genome in its most condensed 
form is represented by chromosomes.

4. Chromosome formation



• Metaphase chromosomes have: 
1. Two arms (short p, long q) and separated 
by centromere. 
2. Centromere (region holds the arms). 
3. telomeres (ends of the chromosome).

4. Chromosome formation



Review of genome condensation



Expectations

• You know the locations of DNA in eukaryotic cells. 

• You know why the mitochondrial and chloroplast 
genomes are similar to that of prokaryote. 

• You are familiar with the nuclear genome 
organization. 

• You know how histone proteins interact with DNA 
to form nucleosomes and condensed genome.



For a smile


