Name Date

Simulating Meiosis

Lab

Background

Gametes, the cells which join fogether during sexual repreduction
in animals and begin the formation of a new individual, each contaln a
singte set of chromosomes. When a male and a {emale gamete unite,
forming a zygote, the two single sets of chromosomes come together,
forming pairs of chromosomes. Thus the cells of the newly formed ant-
mal contain pairs of chromnosomes, with one member of each pair from
the male parent and the other from the female parent. These palrs of | o
chromosomes are called homologous chiromosomes, meaning that they g
are similar but not Identical. .

Somatic cells, or body cells (In general, all cells except gametes),
contain homologous pairs of chromosomes. Somatic cells are dip- i B
loid ——they have two complete sets of chroinosomes. The normal nurm-
ber of chromosomes in a somatlc cell Is called the diploid number, and ’
{s abbreviated as Zn. '

When the new individual prepares for sexual reproduction, gametes
must be formed once again. Cells with a diploid number of chromo-

-somes must form cells having only cne chromosome from each homol-
ogous pair. Thus cells having a diploid number of cells give rise to cells
having a haploid number, or n chromosomes. The cell divislon that
forms gametes, halving the number of chromosomes per cell, Is called
meiosis. -

Objectives
In this activity you will:
1. Nlustrate the movement of chromoscmes duriig meiosis.

2. Demonstrate, by means of a flip book, théseparaﬂo;n of homelogous
chromosomes [n meiosis.

Materials |
2 handout shests- - scigsors

lead penclliisd - - paper punch

2 contrastingicolor pencils paper fasteners

Procedures and Observations

Each species has a characteristic number of chromosomes. For
example, a cat has 19 pairs of chromosomes, a mosquito has 3 palrs cof ' 5
chromosomes, and a human has 23 pairs of chromosomes. Thus the
diploid number for a cat !s 38, 6 for a mosqulto, and 46 for a human.

For ease in understanding, this lab actlvity will use a ceil that has
only three pairs of chromeoscines.

1. Examine Figure 1. rotice that each pair of homologous chromo-
somes is made up of a dark chromosome and a light chromo-
some—the dark color represents the chromosome from the male




parent and the light color represents the chromosome from the
~female parent. The letters on the chromosomes stand for genes.

Notice that each pair of chromosomes carries a particular set of .
genes; that the same genes are found on each chromosome in a

pair; and that a full set of genes, a-s, is contributed by each parent.

The centromere of each chromosome is indicated by an asterisk

(+). In this figure, and throughout this lab activity, each pair of
chromosomes is a different length to make them easlly Identifiable.

nuclear membrane

Chromosomes from
male parent:

Chromosomes from
“female parent:

ﬂ@@

cell membrane

Fiqure 1

a. What is the diploid number of the species shown in Figure 1? ’

b. What is the haploid number of the species?

2. Examine the handout pages you will use to make your filp book.

- Notice that each page contains small rectangles which you will cut

apart to form pages of your flip book. In the first rectangle, the title
page, write your name In the space provided.

replicating chromosome 3. On page 1 of the flip book. the key, color in the chromosomes.

 Choose two colored pencils of bright, contrasting colors. Use one
color for the chromosomes from the male parent, and the other
color for the chromosomes irom the female parent. You will use
the same two colors throughout this lab activity, as you draw the
chromosomes in the various stages of melosis.

Meloslis is made up of two cell divisions—meiosis I and metosis ll. Each
of these cell divisions is studied as a series of stages Including prophase,
metaphase, anaphase, and telophase. The two cell divisions follow a
single replication, or copying, of chromosomes which takes place dur-
Ing interphase, before the start of melosis. Thus at the start of meiosis,
each chromosome is doubled in the parent cell. Two sister chiromatids,
or chromosome strands, now make up each chromosome. Chromatids
Figure 2 are shown in Figure 2,

4, Figure 3 on the next page shows the positions of the chromosomes e
at late Interphase before meiosis. In the circle on p&ge 2 of your
fiip book, copy the diagram for late interphase.

chromatids

162

Mmﬂ&mm




Name

Simulating Meiosis (continued) ' zg

¢. How many chromosomes are in the cell at the start of meiosis? nuciear membrane

d. How many chromatids are in the cell?

During prophase I, the first stage of melosls, ach pair of homologous
chromosomes joins together, and is linked at the centromeres. This
joining of chromosomes is calied synapsis. Because each chromosome
has already doubled, synapsis results In the forming of tetrads, four
chromatids joined together. See late prophase [ in Figure 4.

5. Skip to page 5 of your flip book. On this page, copy the dlagrar for
. late prophase L. Notice that spindle fibers have now formed across late interphase

the cell.

Fi
e. What structures have the chromosomes formed on page 5? 'gure 3

spindle

§. What has happened to the nuclear membrane in late prophase r

6. Compare the positions of the chromosomes shown in your draw-
ing on pages 2 and 5 of your flip book. Decide how the chromo-
@ someas would have to move to get from their positions in late
interphase to their positions in late prophase I. On page 3 draw the
chromosomes 1/3 of the way between late interphase and late
prophase [. Show the early tormation of the spindle fibers and the

nuclear membrane beginning to break down.

7. On page 4 of your flip book, draw the chromosbmes 2/3 of the way

late prophase |
between early prophase | and late prophase L. Show the formation
of the spindle fibers. : Figure 4
During metaphase I, the three pairs of homologous chromosomes line equator

up along the equatorial plane.
8. Skip to page 7 of your flip book. On this page, copy the diagram for
metaphase 1, shown in Figure 5. ‘
i g Ta what part of the chromosomes are the spindle fibérs attached?

9. Comps#® the positions of the chromosomes shown in your draw-
Ings on pages 5 and 7. Dectde how the chromoscmes would have
to move to get from their positions in late prophase I to metaphase L.
in the circle on page 6 or your flip book, draw the chromosomes
halfway between late prophase | and metaphase i.

During anaphase f, the homologous pairs of chromosomes separate
| and move apart. The chromosome pairs seem to be pulled apart by the
@ spindie fibers. . Figure 5

metaphase |
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homologous chromosomes

anaphase |
Figure 6

telophase |
Figure 7

Figure 8

metaphase B

Figure 9
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. sister chromatid.

10. Skip to page 9 of your flip book. On this page, copy the dlagfa.m for -

anaphase I, shown In Figure 6.

b Have sister chromatids separated from each other during
anaphase I?

11. Compare the positions of the chromosomes shown in your draw-
ings on pages 7 and 9. Decide how the chromosomes would look in

early anaphase . On page 8 or your flip book, draw the chromo-

somes In early anaphase 1,

Telophase I is the last stage of melosis . At this polnt, the chromo-
somes are divided into two groups. Depending on the species, several
things may happen—nuclear membranes may form, the cytoplasm may
divide and cell membranes may form between two newly formed cells.

12. On page 10 of your flip book, copy the diagram for telophase |,
shown in Figure 7. ]

i. Are spindle fibers present during telophase I?

J- What is happening to the cell ni .mbrane in this cell?

Telophase 1 may be followed Immediately by prophase Il or It may be
followed by a short interphase. Unlike the interphase preceding the
start of meiosls, chromosomes are pot replicated during this inter-
phase. Duririg prophase I, spindle fibers reappear—this time they are
in each of the newly formed cells.

13. On page 11 of your flip book, copy the diagram for prophase“ 11,
shovwn in Figure 8,

k. How many chromosomes are found in each of rhe cells during
prophase II? .

L How many chromatids are in each cell?

the newly formed cells. Spindle fibers attach to the centromere of each

14. Skip to page 13 of your flip book. On this page, copy the dlagram
for metaphase II, shown in Figure 9.

m. How is metaphase [l different from metaphase I?

15. Compare the positlons of the chromosomes shown in your draw-
ings on pages 11 and 13. Decide how the chromosomes would have
to move to get from their positions in prophase Il to metaphase L.
On page 12 of your flip book, draw the chromosomes halfway
between prophase [l and metaphase L.

During metaphase I, the chromosomes line up at the equator of each of
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Simulating Meiosis (continued)

During anaphase [, the sister chromatids divide and move apart. Because
each sister chromat!d has formed a separate centromere, the two sister
~ chromattds are now considered separate chromosomes. The single-
stranded chromosomes then move to oppasite ends of each cell.

16. Skip to page 15 of your fllp book. On this page, copy the diagram
for anaphase 11, shown in Figure 10.

n. How does anaphase Il differ from anaphase I?

17. Compare the positions of the chromosomes shown in your draw-
ings on pages 13 and 15. Decide how the chromosomes would have
to move to get from thelr positions In metaphase II to anaphase 1.
Draw the chromosomes in this interrnediate position on page 14.

During telophase I the spindle [ibers disappear and a nuclear mem-
brane forms around each group of chromosomes. The cytoplasm divides
around each newly {ormed nucleus, glving four new haploid cells.

18. On page 16 of your flip book, copy the diagram for telophase il
shown in Figure 11.

@. How does the number of chromosomes in each newly formed cell
compare to the number of chromosomes in the parent cell?

p. Are the chromosomes in the newly formed cells diploid or hapldid?

19. Cut apart the pages of your flip book. Stack the pages in order,
with all the pages facing the same direction. Using a paper punch,
make holes in the two smail circles on the left-hand side of the
book. Use paper iasteners to clip the pages together.

20. Flip through the pages of your book to see the major movernents
of chremeseomes during melosis.

o

Analysi# and Interpretations

1. In thefgcalef meiosis, how many nuclel are produced from the
nucleus ofesch parent cell?

2. In mitosis, replication of chromosomes precedes each cell division.
In ineiosis, two cell divisions take place without a replication of chro-
mosomes between them. What is the significance of this difference?

<

“arisphase i
Figure 1G

telophase Ii

Flgure 19
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3. Meiosis is sometimes called reduction division. What does_ihis mean
and why is it important to a species?

4, Why is it significant that the four newly formed cells differ in chro-
mosome content? s

For Further Investigation

1. Look at your dlagram from anaphase §. This diagram shows one of
the possible ways the tetrads could be split to form haploid cells.
Three other chromosome combinations are possible. Dlagram the
other possibilities and show the newly formed cells that would result.

2. Add more pages to your flip book by making drawings that show the
actions of chr-mosomes between the stages you have drawn. Adding
more pages will smooth out the movements in the flip book.
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