Mitosis, Meiosis and Fertilization Teacher Prep Notes

By Dr. Scott Poethig, Ingrid Waldron and Jennifer Doherty, Department of Biology, University of Pennsylvania, 2007

Equipment and Supplies:
Sockosomes (1 per student or 4 per group -- see chart on page 2)
Optional: string to represent spindle fibers
Sockosome supplies:
Small or medium children’s socks (no more than half of any one color; even number of pairs of 


each color sock; preferably half small and half medium or otherwise all of one size) 

Fiber fill

Small squares or circles of Velcro

Needle and thread or fabric glue
Masking tape and Sharpies 

Teacher Preparations:

To produce sockosomes

1. Sew (or glue) one-half of a piece of Velcro (the fuzzy half) to the heel of one sock, and sew the other half (the part with hooks) to the heel of the other sock.

2. Fill each sock with fiber fill, and sew the end of each sock closed (sewing works much better than gluing for this step).

3. Stick the socks together at the heels.  You now have a chromosome with two chromatids, where each sock represents a chromatid.

4. Pairs of homologous chromosomes will be represented by two sockosomes of the same color, one with a stripe marked along the length of each sock with a permanent marker (representing the different alleles on the two homologous chromosomes).  Add a ring of tape around each sock in each sockosome to represent a gene that is inherited by simple Mendelian transmission.  For each pair of homologous sockosomes, label the tape on each sockosome with a different allele of the same gene.  For example:
Albinism (a)
(Albino)
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Albinism (A)


(Pigmented skin)
Obviously the allele labeled on both socks in a single sockosome should be the same. 
Use the chart on the next page to guide you, as you label half the pairs of homologous sockosomes of each color with the alleles for skin pigmentation (A for pigmented skin and a, the albino allele) and label the other half of the pairs of homologous sockosomes of each color with the alleles for thumb bending (H and h).  If half of your socks are small and half medium, then all of the small socks should be labeled with an A or a, and all of the medium socks should be labeled with an H or h.
Sockosomes Needed for Two Groups of Four Students Each 
	Mitosis & Meoisis Activities -- Group 1
	a sockosome in solid color 1


	A sockosome in the solid color 1 but with a stripe

	h sockosome in solid color 2

	H sockosome in solid color 2 but with a stripe

	Mitosis & Meoisis Activities -- Group 2
	h sockosome in solid color 1


	H sockosome in the solid color 1 but with a stripe

	a sockosome in solid color 2

	A sockosome in solid color 2 but with a stripe


The same sockosomes can be used for these two groups of students for the final activity which models meiosis followed by fertilization, but for this activity one group should have all the a and A sockosomes, and the other group should have all the h and H sockosomes.  The pair of sockosomes in one color will represent the mother's chromosomes, and the pair of sockosomes in the other color will represent the father's chromosomes.  The different colors for the mother’s and father's sockosomes represent the fact that, although the labeled alleles are the same for the mother’s and father’s chromosomes, there are many genes on each chromosome and the mother’s and father’s chromosomes will have different alleles for many of these genes.
Instructional Suggestions
If your students learn about meiosis and mitosis before studying DNA function and replication, you will probably need to spend a little extra time on the bottom half of page 1 to explain that chromosomes are made up of DNA which contains genes and also explain that, in preparation for each cell division, the cell makes a second copy of all the DNA in each of the chromosomes so each daughter cell can receive a complete set of chromosomes with all of the genes in all of the DNA.

When the students model mitosis and meiosis, they can use their arms as spindle fibers, or you can provide string for them to use as spindle fibers.  To demonstrate fertilization (and in most other demonstrations), it works best to lay the chromosomes out on the table, so students can more easily see the multiple different possible combinations.
We have focused on understanding the process of mitosis and meiosis and have omitted many technical terms.  You may want to incorporate additional terminology by revising the Word document; e.g. you can incorporate the names of the phases of mitosis in the Mechanics of Mitosis section (page 4-5).

We recommend that this activity be followed by our Genetics activity (available at http://serendip.brynmawr.edu/sci_edu/waldron/), so the students will develop a better understanding of how meiosis and fertilization provides the basis for understanding genetics.  The Teacher Preparation notes for our Genetics activity provide additional information on albinism and vitiligo (another condition in which lack of melanin pigment results in pale skin).
Teaching points:

· The body needs to be able to produce new cells for growth, development and repair.
· Each cell has DNA molecules (containing genes) organized in chromosomes.
· 46 chromosomes in each human cell* = 23 pairs of homologous chromosomes

*with a few exceptions, e.g. gametes and red blood cells

· For each pair of homologous chromosomes, both chromosomes contain genes which control the same traits/characteristics (but the two copies of each gene may be different on the two different chromosomes, e.g. the alleles for normal melanin production vs. not).
· Each cell needs a complete set of chromosomes to function properly.  If there are too few or too many chromosomes, this generally results in abnormalities.
· The purpose of mitosis is to produce two daughter cells, each containing a complete set of chromosomes.
· Basic steps of mitosis: 
· replication of DNA ( sister chromatids 
· mechanics of mitosis to separate sister chromatids 
( complete sets of chromosomes at opposite ends of cell 
· cytoplasm splits into two separate daughter cells 

· The purpose of meiosis is to produce eggs and sperm with only 23 chromosomes, so fertilization can produce a fertilized egg (zygote) with 46 chromosomes.
· Meiosis 1 separates pairs of homologous chromosomes 
and meiosis 2 separates sister chromatids 
( 23 chromosomes in each egg or sperm.
· Different eggs or sperm from the same person have different genetic makeup.
· Fertilization produces zygotes with different combinations of chromosomes, half each from mother and father.

· If the zygote does not have exactly the correct number of chromosomes, this results in abnormalities such as Down Syndrome or, more frequently, death of the embryo.
· As will be seen in the next activity, Genetics, understanding meiosis and fertilization is the basis for understanding genetics.

Additional Possible Activities
Sockosomes made with larger socks can be modified so they can be used to model crossing over and recombination.  Using a larger pair of socks, cut off a portion of the top of the sock to be stuffed and sewed close separately.  The top portion can then be reattached with Velcro, allowing it to be removed and swapped with the top portion of another sock.  This can be particularly useful for lecture demonstrations.
We have found the video "Cell Division: Mitosis and Cytokinesis" to be an excellent overview of the subject.  It is available for purchase from http://www.cytographics.com/ for AUD$89.  We recommend showing it after the mitosis portion of the Mitosis, Meiosis and Fertilization activity as a review of the subject.

� These teacher preparation notes and the related student handout are available at http://serendip.brynmawr.edu/sci_edu/waldron.





