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Mitosis: Exploring Cell 
Division in Plants and 
Animals
Hands-on labs, inc.  
Version 42-0095-00-01


Review the safety materials and wear goggles when  
working with chemicals. Read the entire exercise 
before you begin. Take time to organize the materials 
you will need and set aside a safe work space in 
which to complete the exercise.


Experiment Summary: 


Students will study the phases of mitosis using 
chromosome models and learn how to differentiate 
between plant and animal mitosis. Students will 
view onion root tip and whitefish blastula slides, and 
then use the onion root tip slide to calculate the time 
it takes for the cells to replicate. 


 © Hands-On Labs, Inc. www.LabPaq.com 223


ExpErimEnt








ObjEctivEs
 ● Understand cellular activities involving chromatin, chromosomes, microtubules, and centrioles 


in the cell cycle 


 ● Learn the phases of mitosis


 ● Create chromosome models that demonstrate activity of chromosomes in mitosis


 ● Recognize and identify stages of mitosis using slides of onion root tip cells and whitefish 
blastula cells


 ● Describe differences in cell division of plant and animal cells


 ● Calculate relative duration of cell cycle stages


Time	Allocation: two to three hours total.
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matErials


MATERiAlS lABEl oR BoX/BAg: QTy iTEM DESCRiPTioN:
Student Provides 1


1


1


2


2


Microscope 


Pencil


Pair of scissors


Sheets of white paper


Sheets of colored construction paper 
1 Volunteer (Exercise 4)
1 Straw, plastic 


LabPaq Provides
1 Chromosome Kit-BK – 12 Centromeres - 2 


Color Bead Set (72 beads) 36 red and 36 
yellow beads


Slide Box 1 Slide - Onion Root Tip
1 Slide - Whitefish Blastula


Note: The packaging and/or materials in this LabPaq may differ slightly from that which is listed 
above. For an exact listing of materials, refer to the Contents List form included in the LabPaq.
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DiscussiOn anD rEviEw
All biological organisms undergo mitosis for cell growth and repair. The purpose of mitosis is to 
create two cells that are an identical replica of the original cell. During the original life cycle of 
the cell, the chromosomes and organelles must be copied so that when the cell divides, each 
new cell has the same genetic information and contents as the parent cell. The result yields two 
genetically identical daughter cells. 


While mitosis takes place all throughout an organism’s body, some areas in the body undergo a 
higher mitosis rate than others. Mitotic cell division rates increase at injury and growth sites to 
assist in the repair and replacement of damaged cells. Mitotic cell division also occurs at a higher 
rate in infants and young children as they grow rapidly, and thus show an increased need for new 
cells. 


Diploid organisms contain chromosomes organized in homologous pairs, which are different 
chromosomes (one from the mother, and one from the father) that encode for the same genes. 
Expression of genes carried by chromosomes depend on whether these genes are dominant or 
recessive. For instance, the gene for eye color is located on both homologous chromosome pairs, 
but their appearance as green or brown is based upon which gene is most likely to be expressed. 
In this lab simulation, color will be used to identify maternal and paternal chromosomes, and 
bead length to show homologous pairs. 


Stages of Mitosis


The cell cycle consists of two main stages: mitosis or cell division, and interphase. Mitosis has four 
distinct phases: 


 ● Prophase


 ● Metaphase


 ● Anaphase 


 ● Telophase
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Figure 1: Diagram of the cell cycle 


interphase refers to the activities that occur between mitotic divisions when the cell prepares to 
divide. Interphase has three sub-phases: G


1
, S, and G


2
. Sub-phase S represents synthesis of new 


DNA, and sub-phases G
1
 and G


2
 represent gap phases before and after DNA replication. 


During the G
1
 phase, the cell undergoes normal activities, and prepares for DNA replication. As 


the cell enters S phase, the DNA in chromatin begins to unwind from its double-helix structure to 
begin the process of DNA replication. The replicated DNA and the original DNA are held together 
at one point on the DNA molecule called the centromere. The parent DNA serves as a template for 
the daughter strands to ensure that the new DNA molecules have the same genetic information 
as the parent DNA. In G2, the last part of interphase, the cell continues its preparation for division 
by duplicating organelles such as the centrioles, increasing the amount of cytoplasm, condensing 
the duplicated chromatin into chromosomes, and synthesizing enzymes. 
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After interphase, the cell is ready to enter mitosis. The four phases of mitosis are: 


 ● Prophase


 ● Metaphase


 ● Anaphase 


 ● Telophase


 ●


Figure 2: Stages of Mitosis


In prophase, the chromatin continues to condense into thickened chromosomes. This process 
is visible under a microscope. Because the S sub-phase of interphase has preceded prophase, 
the chromosomes exist as two identical sister chromatids held together at the centromere. As 
prophase continues, the nucleolus will disperse, the nuclear membrane will break down, and 
the centrioles, which were duplicated in G


2
, will begin to move to opposite poles of the cell.
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 ● Metaphase begins as the replicated chromosomes move toward the center of the cell. This 
movement is coordinated by microtubule-based spindle fibers, which are anchored to the 
centromeres and centrioles. Centrioles are not found in plant cells, but plants still have the 
spindle fibers. Microtubules are components of the cell’s cytoskeleton. By maintaining cellular 
shape and enabling various forms of movement and transport, the cytoskeleton is a dynamic 
component of the cell. Metaphase ends with the chromosomes arranging themselves along 
the equatorial plane of the cell. 


 ● During anaphase, the spindle fibers begin to shorten and pull the sister chromatids apart. 
Subsequently, the centromeres break and the replicated chromatids are separated, creating 
two separate and identical chromosomes. As anaphase progresses, the chromosomes are 
pulled further apart. 


 ● Telophase is the last stage of mitosis. The chromosomes continue to migrate to the poles of 
the cells, the nuclear membrane re-forms, the nucleolus reappears, spindle fibers disintegrate, 
and the chromosomes begin to unwind, becoming chromatin again. At the close of telophase, 
cytokinesis, the division of the cytoplasm, finishes the process of cell division. In an animal 
cell, as shown in Figure 3 below, cytokinesis occurs when the plasma membrane of the cell 
pinches inward at the contractile ring (an area where microfilaments contract), dividing the 
cell in two. In a plant cell, a new cell wall (cell plate) forms from vesicles inside the cell to 
perform cytokinesis.


Figure 3: Differences in Cytokinesis seen between animals and plants
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Exercise 1: Modeling Mitosis
In this activity, you will simulate the different stages of interphase and mitosis of an animal cell. 
Different colored beads will represent the maternal and paternal chromosomes: red beads = 
mother’s chromosomes, yellow beads = father’s chromosomes.


prOcEDurE
To	create	chromatids


1. From the LabPaq, retrieve the plastic bag containing red and yellow beads and magnetic 
centers. 


Note: One “chromatid” consists of beads (when connected, referred to as “arms”) placed on 
each side of a “centromere” (magnetic portion in the middle). A “homologous pair” is a pair of 
chromatids, one from the mother and one from the father. See Figures 4 and 5.


Figure 4: One red and one yellow chromatid


Figure 5: Homologous pair of chromatids
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2. Create the following four chromatids (one of each of the the following):


Color Number of Beads


Red (mother)
4 beads × 2 arms *
3 beads × 2 arms 


yellow (father)
beads × 2 arms *
3 beads × 2 arms


* Note: See the “4 beads × 2 arms” red and yellow chromatids in Figure 2.


3. Using your marking pencil, label all yellow chromatids with an “F” (father) and all red 
chromatids with an “M” (mother) by marking the centromere of each chromatid. 


To create a cell model


4. Tape two white sheets of 8.5x11” paper together. This will represent the body of the cell.


5. Cut a 20-cm (about 8-in) diameter circle from a sheet of black construction paper. The circle 
represents the nucleus of the cell. 


6. Place the nucleus on the body of the cell.


7. Place the chromatids on the nucleus.


8. Cut the straw into four pieces of equal length. Each straw piece represents one centriole.


9. Place two centrioles side-by-side anywhere in the body of the cell outside of the nucleus, and 
set the other two centrioles aside for later use. Plant cells do not have centrioles, but for this 
exercise we will use them to demonstrate the animal cell.


interphase


Note: The cell model begins in interphase, g1 Phase.


10. Draw or take a photo of your cell, and label the components. Title this picture “G1 Phase” and 
include it in your lab report.


11. S	 Phase	 (DNA	 Replication): Create four sister chromatids identical to the original four 
chromatids, repeating Steps 2 and 3. See Figure 6.
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Figure 6: Sister chromatids


12. Place the sister chromatids in the nucleus and link the sister chromatids together at the 
magnetic centromere. 


13. Draw or take a photo of your cell, and label the components. Title this picture “End of S 
Phase” and include it in your lab report.


14. G2	Phase	(Replication	of	organelles,	including	centrioles): Place the other two straw pieces 
inside the body of the cell, outside of the nucleus.


15. Draw or take a photo of your cell, and label the components. Title this picture “End of G2 
Phase” and include it in your lab report.


Mitosis


Prophase


Note: During this phase, the chromatids become more distinct, but that is not demonstrated with 
this exercise.


16. Move one pair of centrioles to the left side of the cell, and the other pair to the right side of 
the cell. The spindle forms between the centrioles, so imagine that there is a spindle spanning 
from one pair of centrioles to the other. Again note that plant cells do not have centrioles, but 
they would still have the spindle formed between the centrioles that we will imagine for this 
exercise.


17. Nucleus dissolves: Remove the nucleus from the cell (leave the chromosomes in the cell).


18. Draw or take a photo of the cell, and label the components. Title this picture “End of Prophase” 
and include it in your lab report.


Metaphase


19. Line all of the sister chromatids in the middle of the cell, placing the red four-bead arm 
chromatids at the top, the yellow four-bead arm chromatids second, the red three-bead arm 
chromatids third, and the yellow three-bead arm chromatids at the bottom. 


20. Draw or take a photo of the cell, and label the components. Title this picture “End of 
Metaphase” and include it in your lab report.
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Anaphase


21. Move one of the sister chromatids toward the right centriole and the other toward the left 
centriole for all sister chromatid pairs.


22. Draw or take a photo of the cell, and label the components. Title this picture “End of Anaphase” 
and include it in your lab report.


Telophase


Note: Steps 23–34 simulate cytokinesis.


23. Remove tape from the white sheets of paper. Each piece of paper will represent the bodies of 
the two daughter cells.


24. Cut the nucleus into two separate circles. Each circle represents the nucleus of one of the 
daughter cells.


25. Place a nucleus on each sheet of paper.


26. Place the four chromatids that moved toward the left centriole of the first cell in Anaphase in 
the nucleus on the first daughter cell.


27. Place the four chromatids that moved toward the right centriole of the first cell in Anaphase 
in the nucleus on the second daughter cell.


28. Place two centrioles together outside the nucleus and in the body of the each cell.


29. Draw or take a photo of the two daughter cells, and label the components. Title this picture 
“End of Telophase” and include it in your lab report.
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Exercise 2: observing Mitosis
Areas of rapidly dividing tissue in both plants and animals provide great resources for observing 
the process of mitosis. Because a plant’s root tip continually grows and divides, cells within the 
root tip are rapidly undergoing mitosis. Similarly, cells from a fish embryo’s blastula are also 
undergoing mitosis rapidly. Study the prepared slides for the stages of cell division simulated in 
the mitosis modeling activity. 


prOcEDurE
onion Root Tip Slide


1. Examine the onion root tip slide under low power in the microscope. 
2. On most slides, only the meristematic region (tip) and the region of elongation (region above 


the tip) are present. Root tip cells actively divide in the meristematic region. Find this region 
on the slide. 


3. Find a cell in interphase and identify the nucleolus. 
4. Make a drawing of the cell in interphase and label the chromatin/chromosomes, nuclear 


membrane, and nucleolus. As a reference, use the images in Figure 7.


 www.LabPaq.com 234  ©Hands-On Labs, Inc.  


Experiment  Mitosis: Exploring CEll Division in plants anD aniMals








Figure 7: Onion cells in various phases of mitosis 
Courtesy of Dr. Gary Duncan


5. Next, look for a cell that is between interphase and late prophase (early prophase). 


6. Answer Question A.


7. Locate a cell in late prophase. 


Note: This stage can be identified by the distinct chromosomes, and the absence of the nucleolus 
and nuclear envelope. 


8. Draw and label chromosomes and the cells in early and late prophase. 


9. To identify metaphase, find a cell showing the chromosomes lined up along the equatorial 
plane. 


10. Draw the cell and label all parts in metaphase.
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Note: In an onion, the chromosomes are very large, making metaphase hard to identify because 
the chromosomes take up most of the cell.


11. Find a cell in either early or late anaphase. 


Note: Look for the separation of chromosomes. 


12. Draw and label a cell in anaphase. 


13. Find a cell in either early or late telophase. 


Note: Cells in telophase demonstrate the formation of the new nuclear membranes. Use this 
feature to help identify them. Alternatively, look for cells located adjacent to each other, but 
which are much smaller than the other cells. These are daughter cells that have just completed 
cytokinesis.


14. Draw and label a cell in telophase. 
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Whitefish	Blastula	Slide


1. Examine the slide of the whitefish blastula. 


Note: A blastula is an embryonic stage that consists of a rapidly dividing mass of cells. The slide 
will have several different blastulas showing the various stages of mitosis.


2. Locate a cell in interphase. 


Note: To identify this stage, find a clear nucleus. 


3. Draw and label the cell in interphase.


4. Locate a cell in early and late prophase. 


Note: During late prophase, distinct chromosomes are present and the nucleoli and nuclear 
envelope are absent. 


5. Draw and label the cell in early and late prophase. 


6. Answer Question B.


7. Identify a cell in metaphase. 


Note: Find a cell showing the chromosomes aligned with the equatorial plane. In the whitefish 
blastula, this may appear as a line across the middle of the cell. The chromosomes in the whitefish 
blastula are much smaller than those of the onion. 


8. Draw and label the cell during metaphase. 


9. Find a cell in either early or late anaphase. 


Note: Look for the separation of chromosomes. 


10. Draw and label the cell in anaphase. 


11. Identify a cell in telophase.


Note: Cells in telophase will have new nuclear membranes forming which can be used to help 
identify them. They may appear as a figure-eight shape. Alternatively, look for cells that are 
adjacent to each other but are about half the size of the other cells. These are daughter cells that 
have just completed cytokinesis.


12. Draw and label the cell in telophase.
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Exercise	3:	Time	Required	for	Cell	Replication
By gathering data (counting the number of cells present in each phase), you can estimate the time 
cells require to transform from phase to phase. In this exercise, you will estimate the relative length 
of time that a cell spends in the various stages of cell replication by observing the meristematic 
region of the onion root tip. 


prOcEDurE
1. Find a volunteer to help you with this exercise.


2. Before beginning, set up a data table similar to the Data Table1 in the Lab Report Assistant 
section to record your observations. 


3. View the onion tip slide under the microscope. 


4. Locate and focus on the root tip just below the apical meristem. 


5. With the microscope at its highest power, observe the cells in the field of view and determine 
their cell cycle phase. 


6. Observe the cells that are visible on the slide and systematically report the phase of each cell 
(interphase, prophase, metaphase, anaphase or telophase) to the volunteer who records the 
counts in Data Table 1.


7. Move to a new field of view and repeat steps 4 to 6 above for each view until you have 
counted at least 200 cells in total and recorded the results in Data Table 1.


8. Calculate the percentage of cells in each phase in Data Table 1. 


Note: It takes an average of 24 hours—or 1440 minutes—for onion root-tip cells to complete the 
cell cycle. 


9. Calculate the amount of time spent in each phase of the cell cycle from the percentage of cells 
in each stage and record the results in Data Table 1 


% of cells in stage × 1440 minutes = ____ minutes of cell cycle spent in phase
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