F211 Module 1 – Cell division, Cell diversity and Cellular Organisation


Cell Division, Cell diversity and Cellular Organisation – 
Specification

· Understand that mitosis occupies only a small percentage of the cell cycle and that the remaining percentage includes the copying and checking of genetic information

· Describe with the aid of diagrams and photographs the main stages of mitosis (behaviour of the chromosomes, nuclear envelope, cell membrane and centrioles)

· Explain the meaning of the term homologous pair of chromosomes

· Explain the significance of mitosis for growth, repair and asexual reproduction in plants and animals

· Outline with the aid of diagrams and photographs the process of cell division by budding in yeast

· State that cells produced as a result of meiosis are non genetically identical (details of meiosis are not required)

· Define the term stem cell

· Define the term differentiation with reference to the production of erythrocytes (red blood cells) and neutrophils derived from stem cells in bone marrow and the production of xylem and phloem sieve tubes from cambium

· Describe and explain with the aid of diagrams and photographs how cells of multicellular organisms are specialised for particular functions with reference to erythrocytes, neutrophils, epithelial cells, sperm cells, palisade cells, root hair cells and guard cells

· Explain the meaning of the terms tissue, organ and organ system

· Explain with the aid of diagrams and photographs how cells are organised into tissues using squamous and ciliated epithelia, xylem and phloem as examples

· Discuss the importance of cooperation between cells, tissues organs and organ systems.

The cell cycle
Overview 
All cells are derived from other cells by cell division
All 1014 cells which comprise a human are derived from a single zygote formed from the fusion of 2 gametes

2 types of cell division:

· Mitosis – results in the daughter cells having the same number of chromosomes as the parent

· Meiosis – daughter cells having only half the number of chromosomes found in the parent cell (formation of the sex cells)
Biozone p93 Cell division
Chromosomes

· Carry the hereditary material DNA (15%)

· Rest made up of protein (70%) and RNA (10%)

· Not visible in a non-dividing cell but can be stained to be seen more easily

· Material called chromatin (compare wool)

· Only at the onset of cell division that individual chromosomes become visible

· Appear as long thin threads between 0.25 - 50 μm in length

· Each chromosome is seen to consist of 2 threads called chromatids joined at a point called the centromere
· Chromosomes vary in shape and size both within and between species

· Number of chromosomes is constant for a given species e.g. human is 46

· Number varies between species and is not related to complexity of organism e.g. onion has 16, dog has 78 certain protozoa have 300+
Mitosis (Biozone p94)
· In single celled organisms and actively dividing cells the cycle is continuous and cells divide regularly

· In some cells e.g. liver division ceases after a certain time and only resumes if damaged or lost tissue needs to be replaced

· In specialised cells e.g. nerves, division ceases completely once the cells are mature

Dividing cells go through a regular pattern called the cell cycle

3 parts:

· Interphase – 90-95% of the cycle time – growth following the previous cell division and replication of the DNA in preparation for the next cell division
· Mitosis – 5-10% of the cycle time – the time when the nucleus is active as it divides
· Cytokinesis – cell division

Interphase

· Often termed the resting phase however the cell actually undergoes a period of intense chemical activity

· 3 phases:
· G1 – first growth phase (85% of interphase time)
· Most cell organelles are synthesised and the cell grows rapidly

· S – synthesis phase (5% of interphase time)

· Amount of DNA is doubled by DNA replication
· G2 – second growth phase (10% of interphase time) 

· the centrioles replicate and energy stores increase 

(Draw a pie chart to show the relative timings of the 3 phases of interphase, mitosis and cytokinesis)
Prophase

· Chromosomes become visible as long thin tangled threads

· Gradually they shorten and thicken by spiralisation and condensation of the protein coat to about 4% off their original lengths

· Each is seen to comprise 2 chromatids joined at the centromere

· Centrioles migrate to opposite ends (poles) of the cell

· From each centrioles microtubules develop and form a star shaped structure called an aster

· Some of these microtubules, called spindle fibres, span the cell from pole to pole. Collectively they form the spindle.

· The nucleolus disappears as the regions of the chromosomes are condensed back to the holding chromosome
· The nuclear envelope fragments into small vesicles which disperse leaving the chromosomes within the cytoplasm of the cell

(Draw out 3 cell outlines and draw on what is described in prophase above)

Metaphase

· Chromosomes become attached to a certain spindle fibre at the centromere

· They move up and down the spindles until their centromeres line up across the equator of the spindle and at right angle to the spindle axis

· Contraction of these fibres draw the individual chromatids slightly apart

(Draw out 2 cell outlines and draw out early and late metaphase)

Anaphase (Away)
· This stage is very rapid

· Shortening of the spindle fibres cause the 2 chromatids of each chromosome to separate and migrate to opposite poles

· The separated chromatids are now called chromosomes

· The shortening is due to progressive removal of the tubulin molecules of which they are made. Requires energy which is supplied by mitochondria. 

(Draw out 2 cell outlines and draw out early and late anaphase)

Telophase

· The chromosomes reach the poles of the cell
· They uncoil, lengthen and lose the ability to be seen clearly

· The spindle fibres disintegrate

· The centrioles replicate

· A nuclear envelope re-forms around the chromosomes at each pole

· Nucleoli reappear

(Draw out one cell in telophase)

Cytokinesis

· Normally follows telophase

· Cell organelles become evenly distributed towards the 2 poles 

· Constriction of the parent cell from the outside inwards, towards the region previously occupied by the spindle equator, forming a furrow

· Cell surface membranes in the furrow eventually join up and completely separate the 2 cells

(Draw a graph to show amount of DNA in the cell in each phase of the cell cycle)
Practical – Root tip squash preparation (Biozone p103 Root cell development)

Significance of mitosis

Genetic stability

· Mitosis produces 2 nuclei which have the same number of chromosomes as the parent cell

· These chromosomes are derived from parental chromosomes by exact replication of their DNA hence will carry the same hereditary information in their genes

· Daughter cells are genetically identical to their parent cell and no variation in genetic information can therefore be introduced 

· This results in genetic stability within populations of cells and in a clone

Growth

· The number of cells within an organism increases by mitosis and this is a basic component of growth

Asexual reproduction, regeneration and cell replacement

· Many plant and animal species are naturally propagated by asexual methods involving the mitotic division of cells e.g. budding in hydra, fragmentation in spirogyra, binary fission in bacteria, vegetative propagation in plants (bulbs, corms, rhizome, runner, stolon, tuber). 
· Benefits of asexual reproduction – fast, genetic variation is not always important vs need to colonise an area fast

· Man induced include cuttings and grafting in plants, plant tissue cultures and cloning in animals e.g. Dolly the sheep
· Regeneration of lost limbs e.g. starfish

· Stem cells and tissue engineering (Biozone p98 Stem cells)
Differentiation of human cells (Biozone p99)
Human cell specialisation (Biozone p101)

Plant cell specialisation (Biozone p102)
Levels of organisation (Biozone p104)

Animal tissues (Biozone p105)
Plant tissues (Biozone p106)
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