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WK1: Cell Replication – (Dr. Masha Smallhorn) 
Most organisms have two copies of chromosomes e.g. humans have 46 chromosomes comprised of 23 pairs 
(therefore 2n=2sets). In some organisms, such as plants they can have more than two chromosomal copies. 

There are two types of cell division, mitosis and meiosis: 

- Mitosis: produces daughter cells with a DNA sequence that is identical to the parent cell (somatic cells) 
- Meiosis: produces daughter cells with half the genetic complement of parent cell (reproductive cells) 

Eukaryotic chromosomes consist of chromatin, a complex of DNA and protein that condenses during cell division. In 
animals, somatic cells have two sets of chromosomes whereas the gametes (reproductive cells) have one set of 
chromosomes. They have one set because at fertilisation two gametes fuse producing two sets of chromosomes.  

In preparation for cell division the DNA is replicated and the chromatin condenses and forms an ‘X shape’ 
chromosome whereby two sister chromatids join at a centromere. During cell division the chromatids are separated 
and then each form individual chromosomes. 

 

Synthesis of DNA and other molecules occurs during interphase (is 90% of cell’s life). There are three phases: 

G1 (first gap) phase: the gap between mitosis and synthesis where there is growth of organelles and the overall cell 
size. This is also when most of a cell’s biochemical functions are performed. 

S (synthesis) phase: when the replication of DNA takes place 

G2 (second gap) phase: the gap between DNA replication and mitosis 
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During the mitotic phase 

❖ chromosomes condense 
❖ nuclear membranes are broken down 
❖ chromosomes are moved via attachment to mitotic 

spindle (microtubules) 
❖ Identical copies of chromosomes are pulled to 

opposite poles of the cell 
❖ nuclear membranes reform around the chromosomes 

 

Mitotic phase is made up of five phases: 

- Prophase  
➔ Chromatin in nucleus condenses forming visible 

chromosomes 
➔ Chromosomes are composed of identical sister 

chromatids joined by centromeres 
➔ Mitotic spindles begin to form from the 

centrosomes 
 

- Prometaphase 
➔ Nuclear envelope begins to fragment (break) 
➔ Microtubules now extend into the nuclear area 
➔ Chromosomes are even more condensed 

 
- Metaphase 
➔ Centrosomes are at opposite poles of the cell 
➔ Chromosomes convene along the centre of the cell 

(equator) 
➔ Kinetochores (a specialised protein structure) of sister chromatids are attached to the kinetochore 

microtubules from opposite poles. 
 

- Anaphase 
➔ The separation of sister chromatids 
➔ Cohesion proteins that kept the chromatids together are cleaved 
➔ The chromatids are pulled to opposite cell sides by the shortening of microtubules 

 
- Telophase 
➔ Nuclei begin to form 
➔ Nuclear envelops arise from fragments 
➔ chromosomes begin to unwind  
◼ Cytokinesis: the division of the cytoplasm, caused by a cleavage furrow that ‘pinches’ the cell centre 

forming two new cells. → In plant cells there is the synthesis of a cell plate 
◼ Before cytokinesis, the organelles are replicated and divided between the two halves. 

The mitotic spindles 

- Is an apparatus of microtubules that controls chromosome movement during mitosis 
- The centrosome: a subcellular region that organises the cell’s microtubules and where the spindle arises. 

*https://www.youtube.com/watch?v=C6hn3sA0ip0* 

 

 

 

https://www.youtube.com/watch?v=C6hn3sA0ip0
https://www.youtube.com/watch?v=C6hn3sA0ip0
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Offspring acquire genes from the parents by inheriting chromosomes. The chromosomes are comprised of genes, 
which are the units of heredity, each gene in an organism’s DNA has a specific locus on a certain chromosome. In 
sexual reproduction, two parents give rise to offspring that have unique combinations of genes inherited from both 
individuals (and are unique from their parents and siblings). 

Karyotype: is an ordered visual representation of the chromosomes in a cell 

Homologous chromosomes: are the two chromosomes composing of a pair, they also have the same characteristics. 
Are generally autosomes, which code for everything except sexual characteristics. 

Sex chromosomes: are distinct from each other in their 
characteristics and are represented as X and Y. (XX = female, XY= 
male). 

➔ Diploid cells: have two sets of each of its 
chromosomes, in humans there are 46 
chromosomes (2n=46) 

➔ Haploid cells: have one set of chromosomes (only in 
gametes) 

 

In the first step of meiosis, the homologous chromosome pair 
are essentially split. In the second stage of meiosis, the 
chromatid sisters are separated. Overall, this produces four cells 
with one chromosome, if it originated from a cell with a 
homologous chromosome pair.  

- Synapsis and crossing over: homologous chromosomes 
physically connect and exchange genetic information 

- Tetrads on the metaphase plate: at metaphase I, paired 
homologous chromosomes (tetrads) are positioned on 
the metaphase plates 

- Separation of homologues: at anaphase I, homologous 
pairs move towards opposite poles of the cell. In 
anaphase II, the sister chromatids separate.  

 

Within sexually producing species genetic variation is often a 
result of chromosomal behaviour and fertilisation. 

- Independent assortment: Variability is also incurred by the differences in the amounts of maternal and 
paternal chromosomal DNA that ends up in each cell (the homologues act independently of other pairs), 
(meiosis I?) 

- Fusion of games can produce a zygote with trillions of diploid combinations 

 

Genetic variation: is the raw material for evolution by natural selection 

Mutations: are the original source of genetic variation 

Sexual reproduction: produces combinations of variant genes, adding more genetic diversity 

Crossing over: produces recombinant chromosomes that carry genes derived from two different parents. The 
site where it occurs is called chiasmata. 
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WK2: Mutations & Pedigrees – (Dr. Masha 

Smallhorn) 
Transcription: the synthesis of RNA from a DNA template 

Translation: the synthesis of proteins using messenger RNA as a 
template 

However, mutations in the genetic material can occur, resulting in 

a variant form of the ‘message’ to be transmitted to subsequent 

cell generations. They may be spontaneous resulting from DNA 

replication errors or induced by physical and chemical agents e.g. 

radiation, oxidising agents. There are different types of mutations. 

 

 

Point mutations: where a mutation has been the result of a change in one base pair 

◼ Substitution: Where the positions of the two complimentary nucleotides of a base pair are switched i.e. 

thymine instead of adenine on the leading strand 

◼ Insertion: one or more additional nucleotides are inserted into the replicating DNA, which may result in a 

frameshift 

◼ Deletion: one or more nucleotides is ‘skipped’ during replication, often resulting in a frameshift 

Chromosomal mutations: refer to mutations that occur to whole sections of genetic material 

◼ Inversion: one region of a chromosome is flipped and reinserted 

◼ Deletion: an entire region of a chromosome is lost 

◼ Duplication: a region of a chromosome is repeated causing an extra dose of the genes 

◼ Translocation: a region of one chromosome is attached to another 

 

❖ Missense mutations: occur when a point mutation from a 

single nucleotide alters the codon producing an altered 

amino acid. E.g. ATG to ACG 

❖ Nonsense mutations: occur when a point mutation from a 

single nucleotide produces a stop codon causing the 

transcription process to end prematurely, increasing the 

odds that the resulting protein will be non-functional e.g. 

CAA to TAA. 

❖ Silent mutations: occur when a point mutation from a 

single nucleotide alters the codon but still codes for the same amino acid. 

❖ Conservative mutations: refer to where an altered codon from a mutation results in a chemically similar 

amino acid to the initial form. 

❖ Non-conservative mutations: refer to where an altered codon from a mutation results in a chemically 

different amino acid to the initial form, e.g. a non-polar amino acid replacing a polar one. 

❖ Frameshift mutation: any mutation that changes the gene’s reading frame. This means that all of the codons 

following the mutation point are altered, resulting in different amino acids causing the resulting protein to 

be usually non-functional. 

Germline mutation: refer to mutations that occur in the gametes (sex cells) such as sperm or egg cells. Subsequently, 

while the mutations may not manifest themselves in the effected individual, they can be passed onto the next 

generation (progeny) and will be present in half of the gametes (due to meiosis). 


