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Biology: 7.1   Meiosis Notesheet


Not all organisms reproduce cells by binary fission of a single cell. Some organisms reproduce by joining gametes to form the first cell of a new individual.
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Meiosis involves the nucleus dividing two separate times: meiosis 1 and meiosis 2.  Before meiosis can begin, the DNA in the cell must be first duplicated; just like in binary fission.  
Thus, meiosis starts with duplicated chromosomes called homologous chromosomes; also called diploid chromosomes; chromosomes that are similar in the shape, size and genetic content in both the chromatids.
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Meiosis is important because it allows for the very rapid creation of new combinations of genes. Three important mechanisms in meiosis accomplish this task:

1. independent assortment

2. crossing over

3. random fertilization

In humans, each gamete receives one chromosome only from the 23 pairs of matching chromosome pairs. Which chromosome is chosen however is a matter of chance, like flipping a coin, there are 50-50 odds as to which chromosome will be picked.
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Why is all this genetic variation so important? Meiosis and the joining of gametes are essential to the process of evolution. No other process can generate so many possible variations so quickly and with such diversity of possibilities.

The speed of evolution is increased by genetic recombination. The combination of genes from two parents always results in a new organism that is unique, a mixture of characteristics from two different parents.

Genes that are inherited that allow for the greatest chance of survival  by the offspring will be passed along when this offspring itself reproduces. Genes that do not enhance survival will not be passed along and thus slow the rate of evolution.

The process by which sperm are produced in male organisms is called spermatogenesis. Spermatogenesis occurs in the testes (male reproductive organs). 
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The larger mature egg cell continues to develop into a gamete called an ovum or an egg. The smaller polar body cell dies off as all the energy goes into the development of the egg cell.

Because the egg cell has the main share of the cytoplasm it has a rich amount of nutrients to sustain it and help it grow. 

These nutrients, once the sperm cell unites with it and it becomes a zygote containing the chromosomes from both the egg and sperm gametes, will supply the food for the cell to grow into a new individual organism.
This organism now contains the genes inherited from both the sperm and egg cells; father and mother, and is a new individual with a unique genetic makeup.

Gamates are cells that contain only one set of chromosomes from a parent; such as sperm or egg cells.





Gamates are called haploids because they contain only one set of chromosomes.





Meiosis is a form of cell division that cuts in half the number of chromosomes donated when specialized reproductive cells are formed, such as gametes or spores.





8 stages of Meiosis:





Stage 1: Prophase 1


	In the very first stage, prophase 1, the chromosomes become visible and the membrane of the nucleus dissolves.





Crossing-over occurs when portions of a chromatid on one homologous chromosome break off and get swapped with the corresponding piece from the other chromatid.





Stage 2: Metaphase 1





The pairs of homolougus chromosomes get moved to the center of the cell; lining up preparing to have the chromatids divided





Stage 3: Anaphase 1





In stage 3, anaphase 1, the homologous chromosomes are pulled to opposite ends of the cell by spindle fibers.





The difference is that the chromatids DO NOT SEPARATE at their centromeres. Each chromosome is still composed of two chromatids. 





The genetic material has been recombined in the process however.





Stage 4: Telophase 1


In telophase 1, the individual chromosomes gather at each end of the cell. Both these ends now contain one chromosome from each pair of the chromatids. This marks the end of meiosis 1. Between this stage of meiosis 1 and the start of meiosis 2, the chromosomes do NOT replicate again.





In most organisms, the cytoplasm now divides at this stage forming two separate cells (cytokinesis)








Stage 5: Meiosis 2: Prophase 2


At the start of prophase 2 a new spindle starts to form around the chromosomes at the poles of each end of the cell.





Stage 6: Metaphase 2:


The chromosomes again line up along the central line of the cell and get attached to spindle fibers that will again pull them apart.





Stage 7: Anaphase 2:


In anaphase 2, the chromosomes now are divided at the centromeres and the chromatids move to opposite poles of each cell.





Stage 8: telophase 2 (cytokinesis)


	In telophase 2, new nuclear membrane forms around each set of chromosomes


	And the spindle and fibers again break down. The cell undergoes cytokinesis and the result is 4 haploid cells where at the start there was one.





This random selection of chromosomes during meiosis is called independent assortment.





Like flipping a coin 23 times in a row, the possible combinations of the 23 chromosomes can be one of 8 million possible combinations of the chromosomes possible coming from the one original cell.











Crossing over is another important occurrence during meiosis that generated even more genetic possibilities.





Remember that crossing over occurs when portions of one chromatid break off and get exchanged for the corresponding chromatid section on the other homologous chromatid.





This DNA exchange that occurs from crossing over creates even more possible combinations to the independent assortment we have already.





Combined, the assortment of gene combinations becomes almost limitless.











To increase the possibilities available even more, the zygote (the cell formed from the combination of the sperm and egg gametes) is created by the random chance of only one sperm cell being able to make it to the egg.





Because fertilization of an egg cell by a sperm cell is random; the number of outcomes is squared. The odds of one egg making it over all others are 64 trillion to one. 





Think of it; if you’re here today, you are already a winner!





When meiosis occurs in males, the diploid cell we start with undergoes meiosis 1 and meiosis 2 to develop four haploid cells (cells with only 1 set of chromosomes). 





These cells change further, forming tails, and become sperm cells, male gametes.





The process by which gametes are produced in female organisms is called oogenisis and occurs in the ovaries (female reproductive organs).





In female meiosis 1, by the end the cytoplasm has not divided equally. One cell is larger than the other.





One of the cells gets the majority of the cytoplasm and develops to be a mature egg cell.





The other smaller cell does not survive. These smaller cells are called polar egg cells.
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