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EXPERIMENT OBJECTIVE:
The objective of this experiment is for students to identify and
differentiate various stages in mitosis and meiosis. Onion root
tips are stained to identify the various stages and duration of
mitosis. Students will also have an opportusnity to analyze
mechanism involved with loss of cell cycle control in
cancer. Meiosis and Crossing Over in Sordaria is also
examined in this experiment.
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Cell Division: Mitosis and Meiosis

Experiment Components
Investigations I & IV
•
3-cm long Pipe cleaners (in 2 colors)
•
Beads
•
Small plastic bags

AP07
Store the entire
experiment at room
temperature.
This experiment is
designed for 10 lab
groups.

Investigations II
•
Carbol-fuschin (Ziehl-Neelson) stain
•
Lectin (phytohemagglutinin PHA-M from Phaseolus vulgaris)
•
Microscope slides and covers
•
10 plastic cups (to grow onion root tips)
•
Sand
•
50 ml conical tubes
Investigations III
•
Karyotype pictures of normal individuals
•
Karyotype pictures of patients 1, 2, and 3
Investigations V
•
Pictures of Sordaria fimicola (Color pictures recommended)

Requirements
Investigations I & IV
•
Colored pencils (2 colors)
Investigation II
•
Microscope
•
10 green onions (or scallions) with roots
•
Ethanol
•
Glacial acetic acid (12 M)
•
Hydrochloric acid
•
Razor blades
•
Scissors
•
Scientific cleaning wipes (Kimwipes)
•
Disposable gloves
Investigations III & V
•
Photocopier
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Background Information
MITOSIS AND MEIOSIS
The growth and development of every organism depends on the precise replication of
the genetic material during each cell division. It is remarkable when one considers that as
individuals we have all arisen from the fertilization of a single egg with a single sperm.
From this single cell we develop into unique individuals with highly differentiated tissue
types. The instructions for the precise timing of development, growth and maturation
are all contained within DNA, which is organized as nucleotides encoding specific genes,
which are organized into chromosomes. Each cell contains this set of information. Differential gene expression is what accounts for the obvious differences between the various
tissue types that make up nerves, skin, muscle and organs such as the kidneys, liver and
spleen.
The cell cycle, the sequence of events that encompass the period between the completion
of one cell division until the end of the next division, involves both division of the cell’s
nucleus (karyokinesis) and division of the cytoplasm (cytokinesis). There are two types
of nuclear division: mitosis and meiosis. New body (somatic) cells are formed by mitosis.
Each cell division produces two new daughter cells with the same number and kind of
chromosomes as the parent cell. The formation of male and female gametes in animal
cells or spores in plant cells is by meiosis. Gametes and spores will have half the chromosome number of the parent cells.

Interphase
Interphase, which begins when cell division ends and continues until the beginning of
the next round of division, is organized into three phases. G1, is the first growth period
of interphase. The nucleus and cell increase in size, and chromosomes are fully extended.
The cell expends large amounts of energy in the synthesis of RNA and protein. During G1,
the cell carries out normal functions specific to its type (i.e., nerve, liver, spleen). S, the
next section of interphase, is marked by a dramatic rise in DNA synthesis, and synthesis
of histones that are major cellular proteins bound to DNA. The cell is preparing for the
beginning of mitosis. The chromosomes are becoming longitudinally doubled, with each
chromosome consisting of two identical “chromatids.” G2, the final segment, is marked
by continued protein synthesis. A cell in interphase has a nucleus with one or more darkstained nucleoli and a fine network of threads, the chromatin.
chromatin (duplicated)
nucleolus

aster
nuclear
envelope

centrosomes
(with centriole pairs)
plasma membrane

Figure 1 - Interphase
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Cell Division: Mitosis and Meiosis

Background Information
Mitosis
Mitosis is the next phase of the cell cycle. It is the process of coordinated chromosome replication
prior to cell division. It is essentially the same whether considering a simple plant or a highly evolved
organism, such as a human being. The major function of mitosis is to accurately and precisely replicate genetic information, or chromosomes, so each daughter cell contains the same information. The
enzymatic complex, a DNA polymerase, accomplishes this task with an average of less than one error,
or one base pair change per 1 X 109, nucleotides synthesized. The human genome contains approximately 3.3 X 109 base pairs, so less than 3 errors would occur during a typical cell division.
The process of mitosis is an ongoing event that can be segmented into several identifiable stages.
During the mitotic phase, a unique compliment of genes are activated. These genes encode proteins
which act only transiently during mitosis and are absent from other phases of the cell cycle. In order,
these stages are: prophase, metaphase, anaphase, and telophase. Cytokinesis, the actual process
of cell division, occurs during telophase. In plants such as the onion, this is seen as the formation of
the cell plate between the two daughter cells.

Prophase
In prophase, dramatic changes begin to occur within the nucleus of the cell. Chromosomes become
thicker, shorter, and easily visible when stained under the light microscope. Two “sister chromatids”
join near their middle at a structure called the centromere. The nucleolus, the site of active rRNA synthesis, and the nuclear membrane disappears. The mitotic apparatus, the spindle, begins to organize
within the cell. Microtubules are slender rods of protein responsible for pulling replicated chromosomes towards each half of the cell. In animals, the centrosome splits into two centrioles which move
to the poles of the cell. The spindle seems to radiate from these two centrioles.

Metaphase
During this period, chromosomes become aligned at midpoint or equator between poles of the cell
and are at their thickest and shortest structure. They are easily identified as two longitudinally double
sister chromatids. In animals and plants, chromatids are connected (at their centromeres) to the spindle apparatus, which has formed between the two centrioles located at the poles of the cell. In many
plants, the centrioles are absent. The spindle is still present, however, and the plant chromosomes are
similarly attached to the spindle microtubular fibers.

chromosome
with 2 sister chromatids
centromere

early mitotic
spindle

Figure 2: Prophase

Figure 3: Metaphase

The Biotechnology Education Company® • 1-800-EDVOTEK • www.edvotek.com

Duplication of any part of this document is permitted for non-profit educational purposes only.
Copyright © 1989-2012 EDVOTEK, Inc., all rights reserved. EVT AP07.121213

5

EX PERIMENT

AP07

Cell Division: Mitosis and Meiosis

Background Information
daughter chromosomes

Anaphase
In this short phase, sister chromatids begin to separate and
migrate to the poles. Once the two chromatids separate, each
is called a chromosome. For humans, with a diploid number of
46 chromosomes, there will be 46 chromosomes moving toward
each pole. Onions have 16 diploid chromosomes and, therefore
16 chromosomes move to each pole. During anaphase there
is a quantitative, equal segregation of the diploid number of
chromosomes into two developing nuclei at the poles of the
anaphase cell.

cleavage
furrow

Telophase and Cytokinesis
The final mitotic phase of the cell cycle is recognized by the formation of two new nuclei
encompassing the daughter chromosome at
the cell poles. The mitotic apparatus disappears
and chromosomes begin to lengthen as they
unwind. Cytokinesis, formation of a new cell
membrane, occurs midway between the daughter nuclei. In animals, there is the formation of
the indented cleavage furrow. In plants, such
as the onion root tip cells, this is seen as the formation of a cell plate, dividing the original cell
into two (presumably equivalent) daughter cells.
Cells now enter the G1, stage of interphase in
the cell cycle and the process begins anew.

Figure 4: Anaphase

nucleolus
forming

nuclear
envelope forming

Figure 5: Telophase and
Cytokinesis

Meiosis
Meiosis is a specialized type of cell division sharing many features with mitosis. The main
difference is that meiosis involves two successive nuclear divisions that produces four
haploid cells. Each gamete, or sex cell, contains half the number of chromosomes. In
humans, each gamete contains 23 chromosomes. Fertilization of an egg by a sperm, each
containing 23 chromosomes, restores the diploid number of 46 chromosomes. Meiosis
consists of two rounds of cell division, Meiosis I and Meiosis II, each with its own prophase, metaphase, anaphase and telophase.
In animals, the gametes, sperm and egg of animals are generally formed directly from
diploid tissue rather than from a haploid gametophyte generation in plants such as corn.
In animals, the egg and sperm join to form the diploid zygote which develops into a
mature adult. In plants, one of the male gametes from the pollen (formed in the stamens) unites with the female gamete in the pistil to form the fertilized diploid zygote.
The other male gamete combines with the diploid endosperm nucleus to form a triploid
endosperm tissue. Both are in the corn seed.
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Background Information
MEIOTIC DIVISION I
Prophase I
The chromosomes begin to shorten and thicken. In some plants, they appear to aggregate together on one side of the nucleus. In animals, they may appear to orient with one
end nearest the nuclear membrane adjacent to the centriole. The first major difference
between mitosis and meiosis is that homologous pairs of chromosomes come
together or synapse. A tetrad consisting of four chromatids is the result. This complex
allows for “crossing over” to occur between the homologous pairs of chromosomes. The
point of crossing over appears as an X shaped structure, called the chiasma, (chiasmata,
plural). During the formation of the chiasmata, there is a crossing over, or genetic exchange, between homologous chromosomes. There is an enzyme catalyzed breakage and
repair of the synapsed chromosomes. Crossing over is very important because it leads to
an increase in genetic randomness and species/genetic diversity. The last step is the ending of chiasmata formation, disappearance of the nucleolus and nuclear membrane, and
formation of the mitotic spindle.

Metaphase I
The synapsed homologous pairs of chromosomes arrive at the midpoint, or equator,
between poles. The synapsed pairs orient such that one member of each pair faces the
opposite pole of the cell, with the 23 pairs of chromosomes arranged entirely in random
fashion. There is no tendency for one member of the pair to face one of the poles. This
random assortment also contributes heavily to genetic diversity within a species.

Anaphase I
The pairs of homologous chromosomes, each longitudinally double (tetrads), begin to
separate and migrate to the cell poles. As contrasted to mitosis, entire chromosomes,
versus the sister chromatids, move to each pole. This is the second major difference
between mitosis and meiosis. Each pole randomly receives either the maternal or paternal chromosome of each homologous pair. Therefore, there is an exact halving of the
diploid chromosome number during Anaphase I stage of meiosis.

Telophase I
The chromosomes arrive at the poles of the cell at the beginning of this phase. The
nuclear membrane forms and the nucleolus begins to reorganize. Cytokines is, physical
cell division, occurs during this phase, although not in all animal or plant species. In corn,
there is a physical separation during this stage. In the plant Trillium, Telophase I appears
to be skipped entirely. Interphase II (Interkinesis). How much time spent in this phase depends on the type of organism, the formation of new nuclear envelopes, and the amount
of chromosomal uncoiling. A third major difference between mitosis and meiosis is that
DNA replication does not occur during interkinesis.
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Tetrad

Background Information
Prophase I

MEIOTIC DIVISION II
In order to reduce the amount of DNA to half, a second
meiotic division is necessary to separate the chromatids
of the chromosomes in the two daughter cells formed
in Meiosis #1.

Prophase I

Metaphase I

This phase resembles mitotic prophase except the chromosomes do not dramatically shorten. The nucleolus,
the site of active rRNA synthesis, disappears. The nuclear
membrane also disappears and the mitotic apparatus,
the spindle, begins to organize within the cell.

Spindle

Metaphase II

Metaphase II
Gametes

The monoploid number of chromosomes organizes at
the midpoint (equator) between the poles. Each chromosome is composed of two sister chromatids.
Recombinant chromosomes

Anaphase II
The sister chromatids begin to separate and migrate to
the poles as in mitosis. This stage ends when they are at
the poles. Each chromatid has its own separate centromere region now, and it is called a chromosome.

Figure 6 (above): Meiosis without crossing over
Figure 7 (below): Meiosis with crossing over
Tetrad

Prophase I

Telophase II
The chromosomes begin to lengthen, the nucleus reforms, and the nucleolus reorganizes. Cytokinesis occurs
and the final result of meiosis is four cells each containing the haploid chromosome number of chromosomes.
Meiosis, therefore, is a process that produces gamete
diversity – independent assortment. This independent
assortment provides chromosomes without crossover
(Figure 6), and chromosomes with crossover (Figure
7). Chromosomal crossover (or crossing over) is the
exchange of genetic material between homologous
chromosomes that results in recombinant chromosomes.
It is one of the final phases of genetic recombination,
which occurs during prophase I of meiosis.

Sites of
crossing
over

Metaphase I

Spindle

Metaphase II

Gametes

Recombinant chromosomes
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Background Information
CELL CYCLE AND CHECKPOINTS
Cell division is tightly controlled by complexes made of several specific proteins which contain enzymes
called cyclin-dependent kinases (CDKs). CDKs turn on or off the various processes that take place in cell
division. Cyclins are another family of proteins, with which CDK partners. For example, CDK is activated
when it is bound to cyclin,interacting with various other proteins, and allow the cell to proceed from
G2 into mitosis.
Cyclins and CDKs do not allow the cell to progress through its cycle automatically. There are three
checkpoints a cell must pass through during its cycle: the G1 checkpoint, G2 checkpoint,
and the M-spindle checkpoint (Figure 8). Cell cycle checkpoints are regulatory pathways that control
the order and timing of cell cycle transitions and ensure that critical events such as DNA replication
and chromosome segregation are completed with high fidelity. In addition, checkpoints respond to
damage by arresting the cell cycle to provide time for repair and by inducing transcription of genes
that facilitate repair. Checkpoint loss results in genomic instability and has been implicated in the evolution of normal cells into cancer cells
G1 (restriction) checkpoint is where the decision is made whether the cell will be divided, delayed
division, or enter the resting stage. At G2 checkpoint, the success of DNA replication from the S phase
is checked. If this checkpoint is passed, the cell initiates the many molecular processes that signal the
beginning of mitosis. M checkpoint assures that the mitotic spindles or microtubules are properly attached to the kinetochores. If the spindles are not anchored properly, the cell does not continue on
through mitosis. Mutations in cell cycle genes that interfere with proper cell cycle control are found
very often in cancer cells.

M

Splindle Assembly Checkpoint
Check for chromosome attachment to spindle

G1

G1 Checkpoint
Check for cell size, nutrients, growth factors,
DNA damage

S

(DNA Synthesis)

G2

G2 Checkpoint
Check for cell size, DNA replication

Resting
State
(G0)

Resting
State

Figure 8: Cell Cycle with Checkpoints
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Background Information
Human chromosomal disorders occur as a result of loss of control during cell cycle. Nondisjunction occurs when either homologues fail to separate during Anaphase I of meiosis,
or sister chromatids fail to separate during anaphase II. The result is that one gamete has
2 copies of one chromosome and the other has no copy of that chromosome. (The other
chromosomes are distributed normally.)
If either of these gametes unites with another during fertilization, the result is aneuploidy (abnormal chromosome number)
•

A trisomic cell has one extra chromosome (2n +1) = example: trisomy 21. (Polyploidy
refers to the condition of having three homologous chromosomes rather then two)

•

A monosomic cell has one missing chromosome (2n - 1) = usually lethal except for one
known in humans: Turner’s syndrome (monosomy XO).

Patau syndrome is a chromosomal abnormality in which an individual has an additional
chromosome 13 due to a nondisjunction of chromosome during meiosis. Down syndrome
is a result of an extra copy of chromosome 21. People with Down syndrome are 47, 21+.
Down syndrome affects 1:700 children and alters the child’s phenotype either moderately
or severely. Edward’s syndrome is a genetic disorder in which a person has a third copy of
material from chromosome 18, instead of the usual two copies.

MEIOSIS AND CROSSING OVER IN SORDARIA FIMICOLA
Sordaria fimicola (S. fimicola) offers great advantages for genetic studies as they have a
short 7-12 day life-cycle, and are easily grown in culture. The most common form of S.
fimicola is a dark brown while certain mutants are grey or tan. S. fimicola produces black
perithecia containing asci. Each ascus contains eight ascospores a linear arrangement.
In the last investigation, students will discover how S. fimicola can give us information
about crossing over during meiosis. If no crossing over, there is a 4:4 pattern - 4 black
spores, and 4 tan spores all lined up. If crossing over does occur there is a 2:2:2:2 pattern
visible, or a 2:4:2 pattern. Parental type asci have four black and four tan spores in a row
(4:4 pattern), while recombinant asci will not have this pattern (Figure 9).
The frequency of crossing over appears to be governed largely by the distance between
genes, or in this case, between the gene for spore coat color and the centromere. The
probability of a crossover occurring between two particular genes on the same chromosome (linked genes) increases as the distance between those genes becomes larger. The
frequency of crossover, therefore, appears to be directly proportional to the distance
between genes.
A map unit is an arbitrary unit of measure used to describe relative distances between
linked genes. The number of map units between two genes or between a gene and the
centromere is equal to the percentage of recombinants.
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Background Information
Zygote
Genes for
spore color
on homologous
chromosomes

DNA replication

Crossing over
No Crossing
over

Meiosis I

Meiosis II

ASCI

Mitosis

Ascospores

Figure 9: Meiosis and Crossing Over in Sordaria
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Experiment Overview and General Instructions
EXPERIMENT OBJECTIVE:
The objective of this experiment is for students to identify and differentiate various
stages in mitosis and meiosis. Onion root tips are stained to identify the various stages
and duration of mitosis. Students will also have an opportunity to analyze mechanism
involved with loss of cell cycle control in cancer. Meiosis and Crossing Over in Sordaria is
also examined in this experiment.

Experiment Procedure

LABORATORY SAFETY GUIDELINES
1.

Wear gloves and goggles while working in the laboratory.

2.

Exercise caution when working in the laboratory – you will
be using equipment that can be dangerous if used incorrectly.

3.

DO NOT MOUTH PIPET REAGENTS - USE PIPET PUMPS.

4.

Always wash hands thoroughly with soap and water after working in the laboratory.

5.

If you are unsure of something, ASK YOUR INSTRUCTOR!

LABORATORY NOTEBOOKS:
Scientists document everything that happens during an experiment, including experimental conditions, thoughts and observations while conducting the experiment, and, of
course, any data collected. Today, you’ll be documenting your experiment in a laboratory
notebook or on a separate worksheet.

Before starting the Experiment:
•
•

Carefully read the introduction and the protocol. Use this information to form a
hypothesis for this experiment.
Predict the results of your experiment.

During the Experiment:
•

Record your observations.

After the Experiment:
•
•

Interpret the results – does your data support or contradict your hypothesis?
If you repeated this experiment, what would you change? Revise your hypothesis to
reflect this change.
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AP07

Investigation I & IV: Modeling Mitosis and Meiosis
Notes:
•

This investigation is best done after students have at least read about mitosis and meiosis, and/
or seen a video, or online animation showing these two processes. The activity is designed to help
students learn the critical distinctions between what happens to chromosomes during mitosis vs
meiosis.

•

Teachers will provide guidance as students use pipe cleaners to review chromosome duplication
and movement during mitosis and meiosis.

Students will work in groups to manipulate pipe-cleaner chromosomes on a template showing stages
of mitosis with one pair of chromosomes. Place your model chromosome in each cell circle and manipulate the model chromosomes during the different stages of mitosis until approved by the teacher.
1.

Each single fuzzy piece (pipe cleaner) equals one chromosome
a. A piece of COLOR #1 pipe cleaner represents one chromosome inherited from the mother;
b. A piece of COLOR #2 pipe cleaner represents one chromosome inherited from the father.

2.

Two fuzzy pieces, held together by a bead—the centromere—represents one chromosome duplicated into two new strands (chromatids), each of which becomes a duplicate chromosome when
the centromere splits at the beginning of anaphase.

3.

Check your chromosome. Before doing this lab, AND when finished, count all pieces in the plastic
bag. Notify your teacher if there are any extras or shortages. DO NOT REMOVE BEADS FROM
DOUBLE FUZZY PIECES.

4.

Arrange the pieces on Student Worksheet 1 - Mitosis, showing the essential chromosome arrangements during mitosis. You won’t need all the pieces for this part. When done, raise your hand to
be checked.

5.

When your MITOSIS layout is approved, copy those arrangements onto Student Worksheet 1 –
Mitosis, using two different color pencils.

6.

Remove all pieces and proceed to arrange them on the two Student Worksheet 2 - Meiosis.

Experiment Procedure

MITOSIS:

Remember:
•

Prophase: The array of chromosomes in Prophase and the daughter cells is random, with the same
two chromosomes in each cell.

•

Metaphase: duplicated chromosomes (into chromatids, or “chromosome kids”) are NOT paired
off, but ARE lined up down the middle, in no particular sequence, top to bottom.

•

Anaphase: The vertical sequence shown in metaphase should be followed with same sequence in
Anaphase.
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Investigation I & IV: Modeling Mitosis and Meiosis

Experiment Procedure

STUDENT WORKSHEET 1: MITOSIS TEMPLATE

Prophase

Metaphase

Anaphase

(Telophase)
Daughter Cells
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Investigation I & IV: Modeling Mitosis and Meiosis
MEIOSIS
Students will work in groups to manipulate pipe-cleaner chromosomes on a template
showing stages of meiosis with one pair of chromosomes. Place your model chromosome
in each cell circle and manipulate the model chromosomes during the different stages of
meiosis until approved by the teacher.
Each single fuzzy piece (pipe cleaner) equals one chromosome
a. A piece of COLOR #1 pipe cleaner represents one chromosome inherited from
the mother;
b. A piece of COLOR #2 pipe cleaner represents one chromosome inherited from
the father.

2.

Two fuzzy pieces, held together by a bead—the centromere—equals one chromosome duplicated into two new strands (chromatids), each of which becomes a duplicate chromosome when the centromere splits at the beginning of anaphase.

3.

Check your chromosome. Before doing this lab, AND when finished, count all pieces
in the plastic bag. Notify your teacher if there are any extras or shortages. DO NOT
REMOVE BEADS FROM DOUBLE FUZZY PIECES.

4.

Arrange the pieces on Student Worksheet 2 – Meiosis, showing the essential chromosome arrangements during meiosis. You will need all the pieces for this part. When
done, raise your hand to be checked.

5.

When your Meiosis layout is approved, copy those arrangements onto Student Worksheet 2 – Meiosis, using two different color pencils.

6.

As an extension, ask students to repeat the mitosis and meiosis process using two
pairs of chromosomes. It is very important that students follow the vertical pathway
consistently.

Experiment Procedure

1.

Remember:
1.

Prophase: Array of chromosomes in Prophase is random.

2.

Metaphase I: duplicated chromosomes are paired (two longs are side by side, same
for two shorts); vertical sequence can vary, likewise for which chromosome of each
pair is on the left. For example, there can be a long green above a short red on the
left, as shown, or a short red above a long red, etc. (Green and red are just two different colored pipe cleaners in our example.)

3.

Anaphase I and Metaphase II: The vertical sequence shown in Anaphase I and Metaphase II should be followed with the same sequence in Metaphase I. This is important.

4.

Males are to show chromosomes in sperm, females in eggs and polar bodies. Only
one chromosome in each sex cell, with colors matching Metaphase II colors above.
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Investigation I & IV: Modeling Mitosis and Meiosis
STUDENT WORKSHEET 2: MEIOSIS TEMPLATE
MEIOSIS I

Experiment Procedure

Prophase I

Metaphase I

Anaphase I
(Telophase I)

(Prophase II)

MEIOSIS II
Metaphase II

(Anaphase II)
(Telophase II)

or

or

or

or

In Males:
4 Sperm

Nucleus
In Females:
1 Egg and
3 Polar Bodies

Yolk
(in cytoplasm)

THREE POLAR BODIES

EGG (Ovum)

The Biotechnology Education Company® • 1-800-EDVOTEK • www.edvotek.com

16

Duplication of any part of this document is permitted for non-profit educational purposes only.
Copyright © 1989-2012 EDVOTEK, Inc., all rights reserved. EVT AP07.121213

E XP E RIME N T

Cell Division: Mitosis and Meiosis

AP07

Investigation II: Studying the Effects of Environment on Mitosis
You will prepare slides containing stained onion root tip squash sections, which will allow
you to identify relevant stages of mitosis. Your instructor has prepared freshly rooted
onions for use in this procedure. Remember it is the tips of newly emerging roots that
contain the highest proportion of cells undergoing mitosis.

A. Preparation of the Chromosome Squashes:
Obtain the conical tube containing a newly rooted onion from your instructor.

2.

Cut off approximately 1-2 mm of the root tip using a straight edged razor blade or a
scalpel.

3.

Add 5 ml of 12 M HCl to the conical tube. Transfer the onion root tip into the tube
containing the HCl and incubate for 4 minutes.

4.

Discard the HCl. Rinse the tube with distilled or deionized water.

5.

Add 5 ml of Carnoy’s solution to the tube. Transfer the tip to the Carnoy’s fixative
solution for 4 minutes.

6.

Quickly rinse the slides with 70% Ethanol and dry it with a Kimwipe.

7.

Place the onion tip on the slide, and cut off the distal 1-2 mm portion of the tips.
Discard the remainder of the onion tip.

8.

Add approximately 50 µl of Carbol Fuschin stain to cover the onion root tip. Leave
the stain on the onion root tip for 2 minutes.

9.

Blot off the excess stain with a Kimwipe.

Experiment Procedure

1.

10. Cover the tip with 1 – 2 drops of distilled or deionized water.
11. Place the cover slip over the tip.
12. Carefully and gently apply pressure on top of the cover slip. This will spread out the
stained onion root tip for visualization.
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Experiment Procedure

B. Counting Cells and Analyzing Data:
1.

As with all attempts to visualize material under the microscope you should begin at
the lowest lens power that will visualize the objects of interest. Then shift to higher
lens powers for further viewing.

2.

Sketch the phases you observe. You should be able to identify all of the mitotic stages
including: prophase, metaphase, anaphase, telophase and the nondividing stage,
interphase. Record the number of cells in each stage.

3.

Record the number of cells in each stage. Count at least three full fields of view. You
should have counted over 200 cells.

4.

Record your data in Table 1, below.

5.

Calculate the percentage of cells in each phase and record in the table below. Estimate time spent in each stage by the following calculation:
Number of cells in stage
Total # cells in all stages

6.

Calculate the amount of time spent in each phase of the cell cycle from the percentage of cells in that stage. On the average, it takes 1,440 minutes (24 hours) for onion
root tip cells to complete the cell cycle.
% of cells in stage X1440 minutes = _______ minutes of cell cycle spent in
stage.
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Investigation III - Loss of Cell Cycle Control in Cancer
Figures 10 and 11 are pictures of 46 human chromosomes in a somatic cell, arrested in
metaphase. Can you see that they are duplicated sister chromatids?

2

3

6

7

8

13

14

15

19

20

1

4

9

21

2

10

11

12

16

17

18

22

X
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Figure 10: Normal
Male Karyotype: 46, XY

Y

Experiment Procedure

1

5
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Figure 11: Normal
Female Karyotype: 46, XX
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Investigation III - Loss of Cell Cycle Control in Cancer
STUDENT WORKSHEET 3: IDENTIFICATION OF KARYOTYPES FROM
PATIENTS WITH CHROMOSOMAL DISORDERS

Experiment Procedure

Based on your knowledge about human chromosomal disorders and nondisjunction due to loss of control
during cell cycle, identify the name of the syndromes and karyotypes of the following patients.

1

2
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6

7

8
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Karyotype of Patient #2
Identify Syndrome:
Karyotype:

4

9

21

3

11

3

6

2

10

Karyotype of Patient #1
Identify Syndrome:
Karyotype:

1

1

22

5
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16
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Karyotype of Patient #3
Identify Syndrome:
Karyotype:
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Investigation V: Meiosis and Crossing Over in Sordaria
In this investigation, students will measure crossover frequencies and genetic outcomes
in a fungus. Your students will examine Sordaria fimicola asci produced by crossing wild
type (black) with tan parents.
Each ascus contains eight spores. Parental type asci have four black and four tan spores in
a row (4:4 pattern). Recombinant asci will not have this pattern.
Study the pictures of Sordaria in Student Worksheet 4 provided by your lab instructor by
counting at least 50 asci and scoring them as either parental or recombinant.
If the ascospores are arranged 4 dark/4 light, count the ascus as “No crossing over.”

•

If the arrangement of ascospores is in any other combination, count it as “Crossing
over.”

•

Record your result in table on Student Worksheet 4.

STUDENT WORKSHEET 4: IDENTIFICATION RECOMGINANT ASCI AND
PARENTAL TYPES
1.

Once you have determined if crossing over has occurred in at least 50 hybrid asci,
record your data in table below.

2.

Based on your counts, determine the percentage of asci showing crossover. Record in
table below.

3.

Divide the percent showing crossover by 2. This is your gene to centromere distance.
(The percentage of crossover asci is divided by 2 because only half of the spores in
each ascus are the result of a crossover event.)

Experiment Procedure

•
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Study Questions
Answer the following study questions in your laboratory notebook or on a separate
worksheet.
1.

What is the significance of the “S” phase of Interphase of cell division?

2.

What are the specific differences between animal and plant karyokinesis and cytokinesis?

3.

Based on the number of cells you found in each stage of mitosis in the onion root
tip, what stage of mitosis is the longest?

4.

List and explain the 3 major differences between mitosis and meiosis during Prophase I, Anaphase I and Interphase II.

5.

Compare mitosis and meiosis by completing the following table:

6.

What is the major difference between Meiosis I and Meiosis II?

7.

When does crossing over usually occur? Why is this significant?

8.

How does the frequency of crossing over relate to the distance between genes?

9.

Why is it important to know the percentage of recombinants in offspring?

10. What is a map unit?
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Instructor’s Guide
Notes to the Instructor & Pre-Lab Preparations
Overview of Laboratory Investigations
The “hands-on” laboratory experience is a very important component of
science courses. Laboratory experiment activities allow students to identify
assumptions, use critical and logical thinking, and consider alternative explanations, as well as help apply themes and concepts to biological processes.
EDVOTEK experiments have been designed to provide students the opportunity
to learn very important concepts and techniques used by scientists in laboratories conducting biotechnology research. Some of the experimental procedures
may have been modified or adapted to minimize equipment requirements and
to emphasize safety in the classroom, but do not compromise the educational
experience for the student. The experiments have been tested repeatedly to
maximize a successful transition from the laboratory to the classroom setting.
Furthermore, the experiments allow teachers and students the flexibility to
further modify and adapt procedures for laboratory extensions or alternative
inquiry-based investigations.

Order
Online

Organizing and Implementing the Experiment

Visit our web site for information
about EDVOTEK's complete line
of experiments for biotechnology
and biology education.

V
ED

O-T

E C H S E RV I C E

This investigation requires a minimum of four lab periods of about 45 minutes
each, plus time for a discussion on cell cycle control (Investigation 3). In addition,
time is needed for students to discuss their results from Investigations 2 and 5.

Technical Service
Department
Mon - Fri
9:00 am to 6:00 pm ET

Teacher preparation is needed to make the model chromosomes from pipe cleaners. Onion bulb preparation will take
one hour for the treatment and two hours (plus the 4–18
hour fixation time) for the root tips. This could be done a
week ahead of the lab time. The root tips can be stored in
70% ethanol for several weeks.
There is little preparation time for the Sordaria crosses.

1-800-EDVOTEK
ET

(1-800-338-6835)

Mo

FAX: 202.370.1501
web: www.edvotek.com
email: info@edvotek.com

m
6p
n - Fri 9 am
Please have the following
information ready:
• Experiment number and title
• Kit lot number on box or tube
• Literature version number

If you do not find the answers to your questions in this section, a variety of resources are continuously being added to
the EDVOTEK web site. www.edvotek.com
In addition, Technical Service is available from 9:00 am to
6:00 pm, Eastern time zone. Call for help from our knowledgeable technical staff at 1-800-EDVOTEK (1-800-3386835).

(in lower right corner)

• Approximate purchase date

Visit the EDVOTEK web site often
for updated information.
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Pre-Lab Preparations
INVESTIGATION I & IV: MODELING MITOSIS AND MEIOSIS
Prepare copies of Worksheets 1 and 2, and organize into sets. Each set will have one
Mitosis and one Meiosis template. Distribute 1 set for each student group.

2.

Prepare multiple sets of pipe-cleaner chromosomes as follows:

Instructor’s Guide

1.

a.

Cut the COLOR #1 pipe cleaners into pieces about 3 cm long. Repeat with the
COLOR #2 pipe cleaners.

b.

Thread 2 pieces of COLOR #1 pipe cleaner through a bead to create double
strand. Repeat with the COLOR #2 pipe cleaners. Be sure the 2 pieces of pipe
cleaners fit snugly into 1 bead.

c.

Put the following materials in to one small plastic bag, and distribute one bag
per student group.
•
•

5 single pieces, color 1
5 single pieces, color 2

•
•

3 double pieces, color 1
3 double pieces, color 2

•
•

1 Mitosis sheet
2 Meiosis sheets

INVESTIGATION II: STUDYING THE EFFECTS OF ENVIRONMENT ON
MITOSIS
A. Preparation of solutions for preparing Onion Root Tips
1.

Prepare the Carnoy’s fixative by adding 75 ml of Glacial acetic acid to 225 ml of 95%
Ethanol. Dispense 25 ml of Carnoy’s fixative solution per group.

2.

Prepare the Lectin solution by dissolving all of the Lectin powder in 250 ml of distilled
or deionized water. Dispense 25 ml of Lectin solution per group.

B. Preparation of the Onion Root Tip (Approximately 48 hours before lab day)
Follow the instructions below to prepare one onion root tip per group.
1.

Rinse the onions under water to remove excess dirt, and peel off the dried outer skin.

2.

Prepare the bulblets by cutting off the green leaves, leaving a 7-cm tall bulblet. Also
cut off dried roots back to the bulb base with a razor blade.

3.

Position the bulblet at the center of the cup so that it touches the bottom of the cup.
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Pre-Lab Preparations
While holding the bulblet, begin adding the fine sand into the cup until the sand fills
up about 3 cm inside the cup.

5.

Add the Lectin solution (25 ml) to wet the sand.

6.

Store the cup in the dark for one and a half to two days.

7.

After one and a half to two days, harvesting the onion root tips by removing the
bulblets from the sand and rinsing off the sand with distilled or deionized water.

8.

Cut off the newly grown roots from each bulblet using fine dissection scissors.

9.

Place cut root tips into the provided conical tube containing approximately 25 ml of
Carnoy’s fixative for 4–18 hours.

10. Decant the Carnoy’s fixative from the conical tube and rinse the tube with distilled or
deionized water.
11. Add 25 ml of 70% ethanol to the conical tube. Transfer the root tips to the ethanol
for 5 minutes.
12. Discard the ethanol. The tips are now ready for preparation of slides.
Note: the onion root tips can be stored in 70% ethanol at 4°C.

Instructor’s Guide

4.

INVESTIGATION III: LOSS OF CELL CYCLE CONTROL IN CANCER
1.

Prepare copies of normal male karyotype and normal female karyotype.

2.

Prepare copies of Worksheet 3 containing karyotype of patients 1, 2, and 3.

3.

Organize into sets. Each set will have one normal male karyotype, one normal female
karyotype, and worksheet 3 (containing karyotype of patients 1, 2, and 3.)

4.

Distribute 1 set for each student group.

INVESTIGATION V: MEIOSIS AND CROSSING OVER IN SORDARIA
1.

Prepare copies of Student Worksheet 4.

2.

Distribute 1 worksheet for each student group.
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Experiment Results and Analysis
STUDENT WORKSHEET 1: MITOSIS TEMPLATE

Instructor’s Guide

Prophase

Metaphase

Anaphase

(Telophase)
Daughter Cells
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Experiment Results and Analysis
STUDENT WORKSHEET 1: MITOSIS TEMPLATE
MEIOSIS I

Prophase I

Metaphase I

Instructor’s Guide

Anaphase I
(Telophase I)

(Prophase II)

MEIOSIS II
Metaphase II

(Anaphase II)
(Telophase II)

or

or

or

or

In Males:
4 Sperm

Nucleus
In Females:
1 Egg and
3 Polar Bodies

Yolk
(in cytoplasm)

THREE POLAR BODIES

EGG (Ovum)
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STUDENT WORKSHEET 3: IDENTIFICATION OF KARYOTYPES FROM
PATIENTS WITH CHROMOSOMAL DISORDERS
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Karyotype of Patient #2
Identify Syndrome: Edward’s Syndrome
Karyotype: 47, XY, +18

4

9

3
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3

6

2
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Karyotype of Patient #1
Identify Syndrome: Down Syndrome
Karyotype: 47, XY, +21

1

1

5
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Y

Karyotype of Patient #3
Identify Syndrome: Patau Syndrome
Karyotype: 47, XY, +13
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Experiment Results and Analysis
INVESTIGATION V: MEIOSIS AND CROSSING OVER
IN SORDARIA FIMICOLA
Four black ascospores in a row next to four tan ascospores in a row indicates that crossing
over has NOT occurred. Any other arrangement of ascospores indicates that crossing over
has taken place.
Published results indicate that the map distance from the centromere of the gene for
spore color in S. fimicola is 26 map units (corresponds to 52% crossover frequency). How
close are your class results to the published results? Calculate your percent error.

Instructor’s Guide

The Biotechnology Education Company® • 1-800-EDVOTEK • www.edvotek.com

Duplication of any part of this document is permitted for non-profit educational purposes only.
Copyright © 1989-2012 EDVOTEK, Inc., all rights reserved. EVT AP07.121213

31

Please refer to the kit
insert for the Answers to
Study Questions

EX PERIMENT

Material Safety Data Sheets

AP07
EDVOTEK
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Material Safety Data Sheet

Material Safety Data Sheet

May be used to comply with OSHA's Hazard Communication
Standard. 29 CFR 1910.1200. Standard must be consulted for
specific requirements.

May be used to comply with OSHA's Hazard Communication
Standard. 29 CFR 1910.1200. Standard must be consulted for
specific requirements.

IDENTITY (As Used on Label and List)

Note: Blank spaces are not permitted. If any item is not
applicable, or no information is available, the space must
be marked to indicate that.

Carbol Fuchsin Stain
Section I
Manufacturer's Name

EDVOTEK

Emergency Telephone Number
202-370-1500
Telephone Number for information
202-370-1500

EDVOTEK

Address (Number, Street, City, State, and ZIP Code)

Date Prepared

1121 5th Street NW

IDENTITY (As Used on Label and List)

Manufacturer's Name

OSHA PEL

Vapor Pressure (mm Hg.)

Section II - Hazardous Ingredients/Identity Information
Other Limits
Recommended

ACGIH TLV

% (Optional)

Vapor Density (AIR =1)

OSHA PEL

Other Limits
Recommended

ACGIH TLV

% (Optional)

Section III - Physical/Chemical Characteristics
Specific Gravity (H20 = 1)

0.9846g/ML
0° C

Evaporation Rate
(Butyl Acetate =1)

N.D.

Hazardous Components
(Specific Chemical Identity; Common Name(s))

CAS # 9008-97-3
Lectin from phasolus vulgaris

Melting Point

N.D.

8-28-12

Signature of Preparer (optional)

Washington DC 20001

Section III - Physical/Chemical Characteristics
100° C

Date Prepared

1121 5th Street NW

Ethyl Alcohol, (64-17-5), 6-7%. Phenol, 90%, Liquified, (108-95-2), 4-5%.
Fuchsin Basic, (632-99-5), <1%. Water, (7732-18-5), 87-88%.

Boiling Point

Emergency Telephone Number
202-370-1500
Telephone Number for information
202-370-1500

EDVOTEK

Address (Number, Street, City, State, and ZIP Code)

8-28-12

Section II - Hazardous Ingredients/Identity Information
Hazardous Components
(Specific Chemical Identity; Common Name(s))

Note: Blank spaces are not permitted. If any item is not
applicable, or no information is available, the space must
be marked to indicate that.

Lectin
Section I

Signature of Preparer (optional)

Washington DC 20001

®

N.D.

Solubility in Water

Boiling Point

Specific Gravity (H20 = 1)

N.D.

Vapor Pressure (mm Hg.)
Vapor Density (AIR =1)

N.D.

Melting Point

N.D.

N.D.

Evaporation Rate
(Butyl Acetate =1)

N.D.

N.D.

Solubility in Water

Complete

No data

Appearance and Odor

Appearance and Odor

Opaque red liquid, characteristic phenol odor
Section IV - Fire and Explosion Hazard Data

powder, lyophilized
Section IV - Fire and Explosion Hazard Data

Flash Point (Method Used)
Extinguishing Media

Flammable Limits

LEL

UEL

Special Fire Fighting Procedures

Flash Point (Method Used)
Extinguishing Media

Use foam or dry chemical to extinguish fire.
Firefighters should wear full fire fighting turn-out gear and SCBA. Cool

Flammable Limits

LEL

UEL

Use water spray, alcohol-resistant foam, dry chemical or carbon dioxide.

Special Fire Fighting Procedures

Wear self contained breathing apparatus for fire fighting if necessary

container with water spray. Material is not sensitive to mechanical impact or static discharge.
Unusual Fire and Explosion Hazards When heated to decomposition, emits acrid fumes.

Unusual Fire and Explosion Hazards

Section V - Reactivity Data
Stability

Section V - Reactivity Data

Unstable

Conditions to Avoid

Stable

Stability

None known

Incompatiblity (Materials to avoid)

Oxidizing agents, acids, halogens, calcium hypochlorite.

None known

Strong oxidizing agents

May Occur
Will Not Occur

X

Section VI - Health Hazard Data

Inhalation?

Skin?

Yes

Yes

Health Hazards (Acute and Chronic)

Carcinogenicity:

Incompatiblity (Materials to avoid)

Hazardous
Polymerization

X

Section VI - Health Hazard Data
Route(s) of Entry:

Conditions to Avoid

X

Hazardous Decomposition or Byproducts No data

May Occur
Will Not Occur

Unstable
Stable

X

Hazardous Decomposition or Byproducts No data
Hazardous
Polymerization

None known

Ingestion?

Route(s) of Entry:

Yes

Irritation

NTP?

Inhalation?

Skin?

Yes

Yes

Health Hazards (Acute and Chronic)

IARC Monographs?

OSHA Regulation?

Signs and Symptoms of Exposure

Carcinogenicity:

Signs and Symptoms of Exposure

Yes

Irritation

NTP?

IARC Monographs?

OSHA Regulation?

Irritation

Irritation, burning sensations, nausea, vomiting and abdominal pain, coughing, wheezing, shortness of breath
Medical Conditions Generally Aggravated by Exposure

Ingestion?

Medical Conditions Generally Aggravated by Exposure

Seek professional medical attention after first aid measures are provided.
Flush eyes/skin with excess water for 15 minutes. If ingested, call Poison Control immediately.
If inhaled, remove to fresh air. If not breathing, give artificial respiration.

Emergency and First Aid Procedures

Emergency and First Aid Procedures

Section VII - Precautions for Safe Handling and Use

Section VII - Precautions for Safe Handling and Use

Steps to Be Taken in case Material Is Released or Spilled

Steps to Be Taken in case Material Is Released or Spilled

Waste Disposal Method

Waste Disposal Method

Isolate the hazard area. Remove all ignition sources and ventilate area. Contain spill with sand or absorbent
material and place material in a sealed bag or container for disposal. Wash spill area after pickup is complete.
Observe all federal, state, and local laws.

Inhalation: Remove to fresh air. Ingestion: Rinse mouth with water.
Skin Contact: Soap and plenty of water. Eye Contact: Wash thoroughly
with running water. Get medical advice if irritation develops.

Avoid dust formation. Avoid breathing vapors, mist or gas. Do not let product enter drains.
Sweep up and shovel. Keep in suitable, closed containers for disposal.
See above
Observe all federal, state, and local laws.

Precautions to be Taken in Handling and Storing

Use with adequate ventilation and do not breathe dust or vapor. Avoid contact with skin, eyes, or clothing.
Store in a cool, dry, well-ventilated, locked store room away from incompatible materials.

Other Precautions

Not dangerous goods. Safe for travel.
Section VIII - Control Measures

Respiratory Protection (Specify Type)

Respiratory Protection (Specify Type)

Local Exhaust

yes

Other Protective Clothing or Equipment
Work/Hygienic Practices

34

Special

yes

Mechanical (General)
Protective Gloves

Provide appropriate exhaust ventilation at places where dust is formed. Keep container tightly closed in a
dry and well-ventilated place. Recommended storage temperature: 2 - 8 °C

Other Precautions

Not regulated by DOT or TDG

Section VIII - Control Measures
Ventilation

Precautions to be Taken in Handling and Storing

Other
Eye Protection

Eyewash station, safety shower

Wash thoroughly after handling

Ventilation

Local Exhaust
Mechanical (General)

Chem safety

Protective Gloves

yes

Special

yes

Other
Eye Protection

Other Protective Clothing or Equipment
Work/Hygienic Practices

Wash thoroughly after handling

Chem safety

