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Did you notice that there can be eight different types of gametes
produced when crossing over of just one pair of chromosomes takes
place?  That is twice as many different gametes as occurs with no
crossing over.

How many different types of gametes could be produced if crossing over
took place in two places for two pairs of homologous chromosomes?

_________________________________________________________

Check your answer.

Modelling meiosis

You may find it easier to follow the meiosis process with a model to help
you to get it clear.  In this course you are required to demonstrate the
process of meiosis by using a model.  Follow the instructions below then
review the explanation of meiosis using your model.

Use pipe cleaners of two different colours and the templates provided in the
Additional resources section to demonstrate the process of meiosis.
Photographs: Steve Vassallo

Follow the instructions below.

What to do

Choose two different coloured
pipe cleaners and cut them both
in half with a pair of scissors.

Twist the two halves together
as in the photograph.
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You should now have a pair of pipe cleaners looking remarkably like a
duplicated chromosome.  Identify the centromere and chromatids on your
chromosome.

Now repeat the process above using another pair of pipe cleaners of
a different colour.

Put the duplicated chromosomes
inside the body cell template.

Which part of meiosis have you represented?

_________________________________________________________

Check your answer.

Decide which colour of chromosomes represents the maternal
chromosome and which represents the paternal chromosome.  This will
help you to keep track of the chromosomes throughout meiosis.

In the next step of meiosis, the homologous pairs match up across the
middle of the cell.  There are two possible ways that this can happen.  So
that you can show both possibilities at the same time using your model,
you need to make another set of duplicated chromosomes.  Do this now.

But remember, you are only modelling the possible segregation of
chromosomes for one body cell.  It is just that you need two sets of
chromosomes to be able to study the different possibilities.
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Arrange the duplicated
chromosomes across the middle
of the body cell.

The maternal and paternal
chromosomes can be opposite
each other or they can be on the
same side as each other.

When the homologous pairs separate, there will be two possible
outcomes.  Either a maternal and a paternal chromosome will move into
each new cell or both paternal chromosomes will move into one and both
maternal chromosomes into the other.

Use the segregation of duplicated chromosomes templates to model
this step.  (You need to do it twice because you are modelling the
two possibilities.)

or

Notice that each new cell contains half the number of chromosomes as a
body cell.  That is, this step divides the diploid body cell into two haploid
cells that will, in turn, produce haploid sex cells.
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In the next step, the duplicated chromosomes line up across the middle of
the new cells.

or

Then the chromatids separate and move into the forming gametes.  To
demonstrate the separation of the duplicated chromosomes, you need to
untwist the pipe cleaners.  Separate the chromosomes as shown below.

or

Now put the chromosomes into the gamete templates.

or

Notice that four gametes have formed from one body cell.  These four
gametes display two possible combinations of chromosomes.

Because you have performed meiosis on two body cells so that you can
show all the possible combinations at the same time, you have eight sex
cells but there are still only four different combinations of chromosomes.
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Record the results of your
modelling below.  You need to
draw the chromosomes into the
nuclei of the sperm.  (Use
coloured pencils if you can.)

or
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Modelling crossing over

Now repeat the modelling of meiosis, but this time show one
chromosome crossing over.

Use the templates to go through the steps in meiosis.  Tick the steps
below as you model them.  (Remember that you will need to use two sets
of chromosomes to model all the possible combinations of chromosomes
when a body cell divides to make sex cells by meiosis.)

Duplication of chromosomes

Matching of duplicated chromosomes in homologous pairs

Crossing over of some genetic material

To show crossing over, cut a
small portion of pipe cleaner
of the opposite colour and
twist it on to the end of one
of the chromatids.

Repeat on the other
homologous chromosome.

Segregation of duplicated chromosomes
(halving the number of chromosomes in each cell)

Lining up of duplicated chromosomes across the middle of new cells

Separation of chromatids

Formation of gametes

You should have made eight different chromosome combinations; that is,
eight different gametes.  (But remember, one body cell divides to make
four gametes.  You have made eight because you used chromosomes
from two body cells so that you could see all the possible combinations.)

Record all the possible chromosome combinations for gametes on the
following page.


