
BIO 181 Laboratory Exercise Name:

Mitosis and Meiosis Instructor:
John Nagy and Dennis Massion Lab partners:

Preparation

� Read textbook sections 12.1, 12.2, 13.1 and 13.2. Consult these sections during lab
as well.

� Read the introduction to this lab protocol.

� Study Box 1 on pg. 2 of this packet.

1 Introduction

By 1830, biologists were beginning to realize that cells were a fundamental feature of life. At
that time, though, they were difficult to study because most are between 10 and 50 µm in
diameter, which is on the order of 10 times smaller than the smallest thing the human eye can
resolve. So the only way to study cells directly is with a microscope. In 1830, microscopes
were fairly primitive, and preparation techniques, which require extremely thin slices of tissue
and stains to highlight subcellular structures, were even more primitive. Most of our modern
staining techniques were not developed until decades later.

In the 1830s, though, cells were known, and biologists were busy trying to answer two ques-
tions: i) what role does the cell play in an organism? and ii) exactly how do new cells arise?
By 1861 it was known that cells replicated by fission, but what happened to the nucleus and
its contents was unknown. Along comes a French biologist named E.G. Balbiani, an excellent,
careful but unlucky microscopist. After very carefully preparing and staining slides of a partic-
ular protist, Balbiani drew pictures that anyone who has taken college biology would recognize
as the phases of mitosis: prophase, metaphase, anaphase and telophase. These observations
clearly showed that parts of the nucleus—the chromosomes—never completely dissolve and dis-
appear. Balbiani, however, confused a single-celled organism for a multi-celled one and thought
the nucleus was the testis and the chromosomes were spermatozoa (sperm cells), so he missed
the discovery of mitosis by millimeters.

Balbani’s work sparked an avalanche of new research. Between 1874 and 1878 at least 194
papers were published on cell division. That research culminated in Walter Fleming’s first
accurate description of the process in 1882. Two years later he coined the term mitosis, which
he defined as division of both nucleus and cell. Today, however, we recognize that nuclear
division and cell division are independent processes. For this reason biologists now reserve the
term mitosis for nuclear division, while division of the cell contents is called cytokinesis.

In today’s exercise, we will study processes of mitosis and meiosis first with clay models and
then in real plant and animal tissues. Then, after learning how to identify the various stages
of mitosis, you will conduct a study measuring the amount of time cells spend in each phase.
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Box 1: Human karyotype

This figure shows karyotypes of a human female (left) and male (right). A karyotype
shows all chromosomes found in the nucleus of a cell laid out in order from largest to
smallest, with homologous chromosomes paired side-by-side. The “bar code” stripes are
G-bands made with a stain called Giemsa dye, which stains the less active DNA dark,
but leaves the more active DNA lighter in color. The marks help scientsts and physicians
identify homologous pairs and diagnose disease caused by chromosomal defects.

Note that every chromosome in the female karyotype is paired with another just like it
(same size and banding pattern—the shape is irrelevant because the chromosomes are
floppy). The same is almost true for the male. In this case, though, the sex chromosomes
don’t pair. But, because all but sex chromosomes pair, we are diploid—every person
has 2 complete sets of human genes scattered on 23 chromosomes. That gives us a total
of 46 chromosomes in almost all of our cells.

Not all species are like us, however. The number of chromosomes varies among species.
If n is the number of chromosomes in a complete set of genes for a given species, and if
that species is diploid, then its cells would have 2n chromosomes. In humans, n = 23,
so we have 2n = 46 chromosomes. In contrast, mosquitoes that transmit a disease called
yellow fever (Aedes aegypti) have 6 chromosomes (n = 3) and elk have 68 (n = 34; see
images below).

Aedes aegypti (2n = 6) Tule elk (2n = 68)
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2 Comparing mitosis and meiosis

Here, we will simulate both mitosis and meiosis in Ascaris bivalens, a parasitic nematode that
lives in the guts of horses. I know that’s gross, but the haploid chromosome number for this
species is 2 (n = 2), so its cells only have 4 chromosomes each. That makes our lives a lot
easier. (And this species was studied in 1883 by a Belgian biologist named van Beneden, and
his work was instrumental in our discovery of meiosis.)

Procedure

1. Make clay models of an entire set of prometaphase chromosomes for one of your A. bivalens
cells. Use one color for the paternal set of chromosomes and one color for the maternal
set.

2. Using the information from Box 1 the text readings, arrange these chromosomes into a
karyotype for Ascaris bivalens on a separate sheet of paper.

3. On the karyotype you constructed above, indicate with arrows the following items:

(a) Homologous pairs of chromosomes.

(b) Sister chromatids.

(c) DNA strands that have identical base sequences.

(d) DNA strands that have the same genes but not necessarily identical base sequences.

4. Take a picture of your karyotype and upload the image into Canvas.

5. Obtain 2 clean sheets of paper. Draw a large circle or oval on each. These circles represent
two different A. bivalens cells.

6. Now, arrange the chromosome models as they would appear in mitotic metaphase. Draw
in pencil the locations of the mitotic center (also called the centrosome), centrioles,
polar microtubules and kinetochore microtubules.

7. Take a picture of that correctly labeled mitotic metaphase cell and upload it
into Canvas.

8. Set that cell aside for a moment without disturbing the chromosomes. Fashion another
complete set of prometaphase chromosomes for A. bivalens exactly as you did before
and place these into the second cell. This cell is undergoing meiosis, so arrange these
chromosomes as they would appear in meiosis metaphase I and draw the spindle as you
did in the previous procedure.

9. Take a picture of that correctly labeled cell in meiosis metaphase I and upload
it into Canvas.

10. Now, simulate the events of anaphase and telophase in both mitotic and meiotic cells by
moving the chromosomes as they would in reality.
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11. Set the first cell aside; you are now finished with it. In the second cell draw a line between
the two sets of chromosomes to simulate cytokinesis. Then, arrange the chromosomes as
they would appear at metaphase II.

12. Finally, arrange the chromosomes as they would appear in the middle of anaphase II.

13. Write a short paragraph comparing and contrasting the events of mitosis and mitosis;
that is, describe as many similarities and differences between the 2 processes that you
can think of based on the exercises you just completed. Be as specific and complete as
possible. Submit your response in Canvas.

14. Fill in the following table of characteristics of cells at the end of mitosis or the end of
meiosis II. (NOTE: The term “ploidy” is defined in your textbook.)

Attribute End of Mitosis End of Meiosis II

Number of cells

Number of chromosomes per cell

Ploidy (Diploid or haploid?)

Are daughters genetic clones?

Once the table is complete, transfer your answers into Canvas.

3 Identifying mitosis in the Allium root tip

Procedure

1. Obtain a microscope and a slide of Allium root tip mitosis. (Each student should obtain
his or her own microscope and slides.)

2. Note the identification number on the microscope you use. When finished, please return it
to the slot with the same identification number. This helps us keep track for maintenance
purposes.

3. Place the slide in the stage clamp. With the naked eye you should see 3 long, thread-like
objects on each slide. These are longitudinal sections (cut down the long axis) of an onion
root tip. Each slice is about 8 µm thick, but the cells are closer to 10 µm thick, so at
best you can see only a slice of a cell, not an entire cell. Toward the end of each root is a
tissue referred to as meristem in which cells are actively dividing (Fig. 1). Meristematic
tissue is characterized by relatively small cells with large nuclei.
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Figure 1: Longitudinal section of Allium root tip under low power. Boxed area is mostly
meristematic tissue where mitotic cells are found. Circle represents where you should set your
first field of view for the measurements described in section 4.

4. Make sure that one of the root tips is centered over the condenser lens. Choose the
scanning lens (the smallest lens) and move the stage all the way up. Focus with this
lens. Then select the low power lens, focus your view and then select the high-power
lens. The cells should be nearly in focus, but if they are not use the fine adjust only to
focus on the root tip as crisply as possible. If your field still looks washed out, adjust your
iris diaphragm and (or) condenser lens. If these do not help, use lens paper to clean the
high power lens and repeat these procedures. You should now be able to see individual
cells and their pink- or red-stained chromosomes clearly.

5. With the aid of your text and other resources in the lab, identify at least one example of
each of the following phases: interphase; prophase; prometaphase, metaphase, anaphase
and telophase.

4 Calculating durations of mitotic phases

Before continuing, ask your instructor to make sure you are identifying mitotic phases
accurately. The validity of the following study requires fairly accurate identifications.
NOTE: The majority of cells you count will almost certainly be in interphase.

In this portion of the lab you will use your knowledge of mitosis to calculate the relative
amount of time a cell spends in each phase of mitosis compared to the time spent in interphase.
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This procedure, by the way, was designed based on studies performed by the biologists who
first made these calculations.

Procedure

1. Center the meristematic region of the Allium root tip in the field of view. Set your field
of view along one side of the root tip (see Fig. 1).

2. Notice that there are long columns of cells running toward the root tip. Place the pointer
of the microscope on a cell in the 3rd or 4th column from the edge.

3. Identify and record the stage of mitosis or interphase this cell is in. Then work your way
down the column toward the root tip, identifying and tallying the stage of each cell in
the column. If you cannot see the nucleus or chromosomes clearly in a given cell, skip it
and continue down the column until you find a cell you can interpret.

4. Continue down the column until you either tally 50 cells total or the column disappears
at the root tip. If you reach the end of the column before you’ve counted 50 cells, move
to the next column in toward the midline of the root and work your way back up.

5. Record your data on the instructor’s computer.

When finished, remove the slide and return it to the box. The condenser and stage
should be all the way down, the cord coiled properly and the scanning lens selected.
Please return the scope to the proper spot in the proper cabinet.

5 Data analysis

Calculation Exercise 1: Summary Statistics

Using the spreadsheet technique you learned in Lab 1, calculate the mean (average)
number of cells in each phase in the data frame. Then calculate the standard deviation
and standard error for the entire class. Complete the next 2 exercises before submitting
your results in Canvas.

Calculation Exercise 2: Relative durations
We can use the lab data to estimate the proportion of time cells spend in each phase of
the cell cycle with following procedure. The percentage of the cell cycle spent in a given
phase is calculated as follows:

Px =
nx

N
× 100%,

where Px is the proportion of time spent in phase x, nx is the number of observed cells in
phase x, and N is the total number of cells observed. Record these calculations for each
phase in the data frame from the previous exercise. Complete the following exercise
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before submitting your results in Canvas.

Example: Suppose 10 students each count 50 cells (N = 10× 50 = 500). Suppose 135
cells were in metaphase. Then

Pmetaphase =
135

500
× 100% = 27%.

Therefore, we estimate that metaphase takes up 27% of a cell’s lifetime.

Calculation Exercise 3: Actual durations
Assuming Allium root tip cells divide about once per day, use your calculations of relative
time spent in each phase to determine the duration, in minutes, of each phase. Record
those calculations in the data table from the previous 2 exercises, and then
submit a screenshot of the completed table in Canvas.

Example: In the previous example, we estimated that cells spend about 27% of their
time in metaphase. A single day is 24 hours long, so it is

24 hours× 60
minutes

hour
= 1440 minutes long.

Therefore, we estimate that metaphase takes about

1440 minutes× 0.27 = 388.8 minutes.

Graphing Exercise

Using a suitable software package (for example, OpenOffice Calc, Excel, Google Sheets)
construct a barplot showing the average number of cells in each recorded phase from the
class data. Include properly labeled axes and a correctly formatted, complete caption.

See the “Graphing and Basic Stats” handout under “Readings” on Dr. Nagy’s BIO 181
webpage and BioSkill 2 in the text for help making this graph. Staple the graph to this
packet before handing it in.

Intrepretation Exercise

In Canvas, write a short interpretation of the plot you made in the Graphing Exercise.
That is, explain as completely as you can what you can conclude from the plot.
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6 Exercises

Answer all the following questions in Canvas.

1. What is the difference between the concepts “chiasmata” and “genetic recombination”
(also called “crossing over”), and how are they related? (See the textbook for details.)
Submit your response in Canvas.

2. Assuming no genetic recombination (crossing-over), how many genetically distinct types
of gametes can a single A. bivalens produce? Submit your response via Canvas.

HINT: Each chromosome has a twin, like pairs of socks. Here’s an exactly analogous
problem: you have 2 pairs of socks, one white, one black. Each sock is tailored to a
specific foot, right or left. How many different ways can you mix and match socks,
one for each foot? For example, left = black, right = black is one such match. Left
= white, right = black is another. Feel free to draw it out—that often helps.

3. Assuming genetic recombination does occur, how many genetically distinct types of ga-
metes can a single A. bivalens produce?

HINT: Any number of chiasmata may form at any location on the chromosomal
arm. Think about how that affects the process in the previous question.
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