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EUKARYOTIC GENOMES 



Nuclear genome: chromatin and 
chromosomes 

missbakersbiologyclasswiki.wikispaces.com/Clarke  

Chromatin ï complex of DNA, histones 

and nonhistone proteins found in the 

nucleus of a eukaryotic cell. The material of 

which chromosomes are made. 

Figure 4-19  Molecular Biology of the Cell (© Garland Science 2008) 

http://missbakersbiologyclasswiki.wikispaces.com/Clarke


Chromosomes 

ÅMetaphase chromosomes in Eukaryota: 

ï the highest level of chromatin structure (the most 

condensed) 

ïobserved only during cell division 

 

ÅAfter cell division: 

ïmetaphase chromosomes disappear 

ïchromatin condensation is reduced 

ïgenomic DNA exists in the form of heterochromatin 

and euchromatin 



Euchromatin  and Heterochromatin  

Euchromatin: relatively extended and open chromatin (chromatin loops 

of 30 nm chromatin fibers attached to the nuclear matrix) that is potentially 

active for gene transcription 

 Heterochromatin: very condensed with its 

DNA inaccessible 

       -  microscopically appears as clumps 

           in higher eukaryotes 

-  telomeres and centromeres ï usually 

          found in a heterochromatic state 
 

Facultative heterochromatin: 
has the condensed structure in some, but not in 

all cells (contains genes inactive in some cells or 

at some stages of the cell cycle) 
 

Constitutive heterochromatin: 
Chromatin that is permanently in compact 

organization 

 Lodish, Mol. Cell Biol., 2001, Fig. 9-39 



Chromosome 
structure  

Telomere 

Telomere 
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Karyotype and karyogram  

Å A karyotype is the characteristic chromosome complement of a 
eukaryote species. 

Å Karyotypes can be used for many purposes: to study chromosomal 
aberrations, cellular function, taxonomic relationships, and to gather 
information about past evolutionary events. 

 Chromosomes of a karyotype differ in the following features: 

  - length 

  - localization of centromers 

  - number and position of satellites 

  - degree and distribution of heterochromatic and euchromatic regions 

  - banding patters after staining (e.g. Giemsa staining: G-banding)  
 

Å The metaphase chromosomes are depicted (by rearranging a 
microphotograph) in a standard format known as a karyogram or 
idiogram: in pairs, ordered by size and position of centromere for 
chromosomes of the same size. 



The human 
karyogram  

Figure 7.5 part 1 of 3  Genomes 3 (© Garland Science 2007) 



Chromosome number, size and shape at 
metaphase are species specific  

Lodish, Mol. Cell Biol., 2001, Fig. 9-33 



Unusual chromosomes 

Å Minichromosomes ï short in length, but rich in genes 

ï example: chicken genome (39 chromosomes): 

Å6 macrochromosomes: 66% of genomic DNA, 25% of genes 

Å33 minichromosomes: 34% of genomic DNA, 75% of genes 

  

Å B chromosomes ï additional chromosomes possessed by some 

individuals in a population, but not all 

ï common in plants, known in fungi, insects, and animals 

ï fragmentary versions of normal chromosomes 

 

Å Holocentric chromosomes ï have multiple kinetochores spread 

along their length, instead of a single centromere 

ï example: genome of the nematode worm Caenorhabditis elegans 



Chromatin structure  



Chromatin ăbeads- on- a- string ó 
structure  

Figure 4-23 Molecular Biology of the Cell (© Garland Science 2008) 



Nuclease protection analysis of 
chromatin from human nuclei  

Figure 7.1  Genomes 3 (© Garland Science 2007) 



Chromatin ăbeads- on- a- string ó structure  

Figure 7.2  Genomes 3 (© Garland Science 2007) 

Electron micrograph of 

a purified chromatin strand 

Model for the 

ñbeads-on-a-stringò 

structure 

Model for the 

nucleosome core 

structure 

(Chromatosome) 



Histon es ð the most universal 
proteins in nature  

Å H1 (H5) ï linker histone, the most variable among histones (213 aa) 

Å H2A and H2B ï very conservative histones (129 and 125 aa) 

Å H3 and H4 ï the most conservative proteins in nature (135 and 102 aa) 

Å H4 ï only 2 aa are different in pea and bovine proteins  

 



Histones and nucleosomes  

Models of nucleosome core 

Placing of histones and DNA in nucleosome 

Lodish, Mol. Cell Biol., 2001, Fig. 9-30 Figure 10.13  Genomes 3 (© Garland Science 2007) 



Chromatin exists in extended and 
condensed forms  

ñbeads-on-a-stringò structure 30-nm fiber structure 

Lodish, Mol. Cell Biol., 2001, Fig. 9-29 



Models for histone H1 localization 

Role of the H1 histone in chromatin organization 

Weaver, Mol. Biol., 2002, Fig. 13.8  

Chromatin with histone H1 

(ribbon structure) 

Chromatin without histone H1 

Linker histone  

Asymmetric localization Central localization 

A zigzag model of the 30-nm chromatin fiber 

Histone H1 binding 

is thought to be 

important for 

forming the 30 nm 

chromatin fiber. 

Figure 4-34 and 4-32  Molecular Biology of the Cell (© Garland Science 2008) 



Solenoid model of the 30 nm condensed 
chromatin fiber  

Lodish, Mol. Cell Biol., 2001, Fig. 9-31  

Alternative models of the 30-nm chromatin fiber structure: 

 - the zigzag model 

 - the helical helical ribbon model 



Two models of 
the 30 nm 
chromatin 

fiber  

Figure 7.3  Genomes 3 (© Garland Science 2007) 



Two models of the 30 nm chromatin fiber  

http://en.wikipedia.org/wiki/File:30nm_Chromatin_Structures.png 

The ñsolenoidò model 

The  helical ribbon model 



Chromatin loops ð structural domains  

Figure 10.5  Genomes 3 (© Garland Science 2007) 

Å Chromatin loop domains (40 to 100 kb) 

partition the genome into discrete loci of 

coordinately regulated genes (functional 

domains). This organization is a function of 

interactions with structural elements of a 

dynamic network of proteins termed the nuclear 

matrix. 
Å MARs/SARs (matrix/scaffold 

attachment regions) ï AT-rich DNA 
segments (~250 bp long) attached to 
the nuclear matrix 

Å Nuclear matrix ï the network of 
proteinaceous fibres found throughout 
the inside of a cell nucleus. Proteins of 
the nuclear matrix: 

ï lamins ï structural proteins 

ï topoisomerase II: 

Å Separation of  daughter strands after 
DNA replication 

Å Topological changes of chromatin loops 
during condensation of mitotic 
chromosomes 

ï other 



Nonhistone proteins provide a structural 
scaffold for long chromatin loops  

Lodish, Mol. Cell Biol., 2001, Fig. 9-34 



Functional domains  

Figure 10.6  Genomes 3 (© Garland Science 2007) 

ÅA functional domain is a DNase I-sensitive region of 

eukaryotic chromatin around a gene or group of genes. 

 

 

 

 

 

 

  

ÅFunctional domains are defined by insulators 



Insulators  

Å Insulator ï a segment of DNA (1-2 kb long) that acts as the boundary 

point between two functional domains.  

 

Å First discovered in Drosophila, and then identified in other Eukaryotes 

Å scs ï fruit-fly insulators, specialized chromatin structure 

 

 

 

 

 

Å Insulator functions: 

Å Overcoming the positional effect 

Å Maintaining the independence of each functional domain 

 

Figure 10.7  Genomes 3 (© Garland Science 2007) 



The positional effect  

Figure 10.8 Genomes 3 (© Garland Science 2007) 

Positional effect ï refers to the 

different levels of expression that 

result after insertion of a gene at 

different positions in a eukaryotic 

genome. 



Insulators maintain the independence of 
a functional domain  

Figure 10.9  Genomes 3 (© Garland Science 2007) 



How do the insulators work?  

ÅHypothesis: 

Not the insulating sequence itself but the DNA binding 

proteins that attach specifically to insulators are the 

functional component of an insulator: 
 

ïSu(Hw) in Drosophila 
 

ïThey attach to nuclear matrix as well: 
 

   structural domain = functional domain 
 

ïInsulators should contain MAR sequences ï not proven 

 

An equivalence between functional and structural domains 

remains elusive 



Model for the 
packing of 

chromatin and 
the formation 
of metaphase 
chromosomes 

ANNIMATION  

MGA0201 

Three-dimentional packing of 

nuclear chromosomes 

Figure 4-72  Molecular Biology of the Cell (© Garland Science 2008) 


