
DNA Organisation & Replication

molecules called bases. It is the sequence of these four bases along the backbone that encodes information. 
This information is read using the genetic code, which specifes the sequence of the amino acids within 
proteins. The code is read by copying stretches of DNA into mRNA, in a process called transcription.

Within cells, DNA is organized into long structures called chromosomes. These chromosomes are duplicated 
before cells divide, in a process called DNA replication. Eukaryotic organisms (animals, plants, fungi, and 
protists)  store most of their DNA inside the cell nucleus and some of their DNA in organelles, such as 
mitochondria or chloroplasts. In contrast, prokaryotes (bacteria and archaea) store their DNA only in the 
cytoplasm. Within the chromosomes, chromatin proteins such as histones compact and organize DNA. These 
compact structures guide the interactions between DNA and other proteins, helping control which parts of the 
DNA are transcribed.

Deoxyribonucleic acid (DNA) is a nucleic acid that contains the 
genetic instructions used in the development and functioning 
of all known living organisms and some viruses. The main role 
of DNA molecules is the long-term storage of information. 
DNA is often compared to a set of blueprints or a recipe, or a 
code, since it contains the instructions needed to construct 
other components of cells, such as proteins and RNA 
molecules. The DNA segments that carry this genetic 
information are called genes, but other DNA sequences have 
structural purposes, or are involved in regulating the use of 
this genetic information.

Chemically, DNA consists of two long polymers of simple units 
called nucleotides, with backbones made of sugars and 
phosphate groups joined by ester bonds. These two strands 
run in opposite directions to each other and are therefore anti-
parallel. Attached to each sugar is one of four types of 



Genome mapping  allows scientists to 
identify particular DNA sequences that act as 
unit of heredity; these 'genes' usually contain 
coding instructions for a protein unit. 
Mapping can also identify the physical 
location(s) where a gene is found on the DNA 
molecule.

DNA is coded in triplets  (or codons); a 
sequence of three nucleotides determines 
the recipe for one amino acid. The series of 
amino acids then determines the full 'recipe' 
for building a protein that each gene may 
represent. The human body carries a 
genome of more than 3 billion base pairs; in 
total over a metre of DNA is packed into the 
nucleus of each somatic cell.

While we may all possess the same group of 
genes that determine hair colour we 
obviously do not all have exactly the same 
versions. Diferent versions of the same 
genes are called alleles. It is our genes that may determine the traits of a species but is is our alleles that that 
will determine our individual traits. Two organisms whose genes difer at even one locus  (position in their 
genome) are said to have diferent genotypes.

The sum total of genes found in an organism, or cell, of a species is called a genome and the science of 
managing or analysing this biological data using computer technologies is Bioinfomatics.

Inside the nucleus each molecule of DNA is 
spooled around histone proteins. This 

combination of DNA and proteins is called 
chromatin. 

A chromosome represents the recognisable structure 
formed after chromatin has condensed.DNA replication 
leads to the production of two identical copies of the 

DNA double helix; both wound around the same 
histone proteins that made up the structure of 

chromatin. Despite there being 2 identical copies we 
still refer to the overall structure as a chromosome and 
will continue to do so as long as they remain bound at 

the centromere.

We call these identical copies sister chromatids.

Online activity

http://www.johnkyrk.com/chromosomestructure.html


Prior to cell division DNA is replicated and so too are the chromosomes. In eukaryotic cells this process is 
called interphase and consumes the most time of a cell's life cycle. Interphase divided into 3 stages; 
the Gap 1 stage (growth), S phase (DNA synthesis) and a second growth phase Gap 2. After the DNA has 
been replicated and the chromosomes organised the cell is ready to undergo mitosis or meiosis.

Mitosis is the basis of bodily growth and 
asexual reproduction; the number of 

parental chromosomes is refected in the 
two identical daughter cells.

Meiosis is a little more complicated and is 
the basis for gamete production and 
genetic diversity. Two round of cell 

division follow interphase resulting in the 
half the number of parental chromosome 

in each of four daughter cells.

The fnal act of each cell division in which the nuclei, organelles and 
cytoplasm are physically cleaved in two is called cytokinesis. We can 
distinguish meiosis where the daughter cells have half the 
chromosomal complement of the parent cell- these cells will continue 
on as gametes such as sperm or ova. The fusion of these gametes will 
restore chromosome number in the process of fertilisation.

Meiosis is also distinguished by an event called 'crossing over'. This 
occurs in prophase I when homologous chromsomes may 'synapse', 
or exchange genetic information, at sites called chiasma. The results 
are recombinant chromatids  that further contribute to genetic 
diversity among ofspring.
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http://highered.mcgraw-hill.com/sites/0072495855/student_view0/chapter2/animation__comparison_of_meiosis_and_mitosis__quiz_1_.html


Chromosomes are easily recognised throughout cell division following interphase & prophase. A karyotype 
(shown above) is a chromosome map of homologous pairs  for an organism. It is usually made by 
photographing stained DNA during mitosis. Because karyotypes are photographed after the synthesis stage of 
mitosis they show double the normal quantity of DNA (2 x 2n).

Two diferent chromosomes are considered homologous, or homologues of each other, where their DNA share 
the same group of genes but diferent alleles. They are usually the same size and shape except in the case of 
sex chromosomes in some organisms. 

A karyotype matches homologous chromosomes; essentially creating a genetic map in which chromosomal 
abnormalities  can be identifed. In the picture shown here the subject can be seen to have 3 copies of 
chromosome 21. This leads to a condition known as Trisomy 21, or Down Syndrome.

Ploidy  is a biological term that refers to the 
number of sets of chromomes (n) that a cell 
possesses.

Ordinary human somatic cells that have 
undergone mitosis are considered diploid (2n); 
they have 2 sets of chromomes (one set from 
each parent).

Human gametes that have undergone meiosis 
are considered haploid (n); they have one set of 
chromomes. 

Human cells have 23 chromosomes in a set, 
therefore;

Diploid cells will have 46 chromosomes 
(2n = 2 x 23) in total

Haploid cells will have 23 chromosomes 
(n = 23) in total

From Units 1 and 3 we should already 
understand the molecular structure of DNA. Unit 
4 tests our understanding of this by introducing 
the process of DNA replication.

The DNA double helix is a molecule composed of 
2 complementary strands of deoxyribonucleic 
acid. These strands are held together by the 
formation of hydrogen bonds between 
complementary nitrogenous bases 

Adenine - Thymine 
Guanine - Cytosine



These monomers have 
1. a 5 carbon sugar (deoxyribose for DNA)
2. a negatively charged phosphate group 
3. an organic, nitrogen containing base that is either Adenine, Thymine, Guanine or Cytosine

Online Activity
Select Code > Finding the Structure > Putting it Together

Nucleotides link together in a 5' to 3' direction.
*  The phosphate group of a 5' carbon undergoes a condensation reaction
* with the hydroxyl group forms a phosphodiester bond with a hydroxyl group of a 3' carbon.
* This covalent bond is called a phosphodiester linkage.
Thus nucleic acids are built in a 5' to 3' direction.

Because nucleic acids both have a directionality and are complementary to each other the two strands of a 
DNA molecule run antiparallel to each other.

3' ------------------- 5'
5' ------------------- 3'

This feature is signifcant for DNA replication because nucleic acids are synthesised in a 5' > 3' direction.

Online Video

For nucleotides:
* The 1' carbon  links the nitrogenous base
* Next door is the 2' carbon
* 3' carbon has a hydroxyl (OH) group
* Next door is the 4' carbon
* The 5' carbon links of the 4' carbon and holds the 
phosphate group.

Biochemists use a carbon numbering system called prime eg. 3') in order to refer to the position of diferent 
functional groups on an organic molecule.

http://www.dnai.org/a/index.html
http://www.youtube.com/andrewdouch#p/u/6/p835L4HWH68


DNA replication involves
* the "unzipping" of the complementary strands by helicase at a site called the replication fork
* the adding of free nucleotides to the parental template strands by DNA polymerase
* Two double helices will be created- each bearing 1 parental strand and 1 newly replicated strand. This is 
known as the semi-conservative model of DNA replication.

The process begins at regular intervals along the DNA, forming 'bubbles' of replication along the strand.
* As each section meets DNA ligase seals them together to make up a continuous strand.

Remembering that complementary strands run antiparallel to each other consider the following.

Template strand 1: 3' --------------------5'
Replicating strand: 5' ------------>3'

One new strand will be continuously synthesised in the 5' > 3' direction. This is the leading strand.

BUT remember that our opposing parent strand was antiparallel to the other so.....

Template strand 2: 5' -------------------------- 3'
Replicating strand 2: 3' <------5'    3' <------5'  etc.

The other new strand needs to be synthesised in the opposite direction. DNA polymerase achieves this by 
doing it in many short fragments. This is the lagging strand.

This concludes the topics we will cover in class prior to the beginning of the semester break. 

* Holiday homework/preparation activities will become available during the week.

* A detailed semester course outline will be available after the 18/6/10.

Online Video

http://highered.mcgraw-hill.com/olcweb/cgi/pluginpop.cgi?it=swf::535::535::/sites/dl/free/0072437316/120076/micro04.swf::DNA%20Replication%20Fork
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