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Root Tip Mitosis
Student Sheet
Introduction
In this practical, you will investigate cell division by mitosis. In plants, mitosis takes place in [image: image2.png]


specific tissues, called meristems, found at the growing root and shoot tips and in the cambium between the xylem and phloem of the vascular bundle. The cells in the meristems are undifferentiated.
You will prepare and observe dividing cells from the meristems of actively growing garlic root tips, and use this to calculate the mitotic index, the ratio between the number of cells in a population undergoing mitosis and the number of cells. 


Learning outcomes

You will

· Prepare temporary slides of cells found in garlic root tip meristem tissue

· Use a light microscope to observe, identify and draw root tip meristem cells in different stages of the cell cycle

· measure the sizes of some of these cells

· calculate the mitotic index for the garlic root tip tissue that you observe



Safety

· 1M hydrochloric acid is an irritant. Wear eye protection and rinse off any splashes or spills immediately with cold water

· Toluidine blue is harmful if ingested and will stain skin and clothes. Wear eye protection and protective gloves and rinse off any splashes or spills immediately with cold water.
· Take care when using sharp instruments such as scalpels, scissors and mounted needles and follow the instructions for their safe use that have been given to you by your teacher.



Apparatus

Per student

· Eye protection

· Protective gloves

· 250cm3 beaker

· 2 x bijou bottles or similar vials large enough to hold a growing garlic clove

· 100cm3 bottle of 1M Hydrochloric acid

· 3 x 3cm3 plastic pipettes

· 3-day old rooted garlic clove,( 5 days? 3 too short?) suspended over water with a cocktail stick – see later for guidance

· Cutting tile

· Paint brush

· 250cm3 beaker containing tap water (for rinsing)

· Dropping bottle of 1% toluidine blue stain

· Dissection scissors

· Microscope slide plus access to spare
· Cover slip plus access to spare

· Mounted needle

· Paper towels

· Compound light microscope (x 100-400magnification)

· Eyepiece graticule

· Timer/stop clock

Per class

· Water bath at 40oC

· Stage micrometer



Method

Preparing the root tips
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Using a plastic pipette, half-fill a bijou bottle with 1M HCl

2. Stand the bijou bottle in a 250cm3 glass beaker containing 1cm depth of water 

3. Place the beaker containing the bijou bottle of acid into the 40oC water bath for 15 minutes to allow the acid to reach the temperature of the water bath
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Using the cocktail stick, transfer the garlic clove to the bottle of acid so that the roots are submerged in the acid 

5. Leave the beaker containing the garlic clove in acid in the water bath at 40oC for 5 minutes

6. After 5 minutes, use the cocktail stick to carefully remove the garlic clove from the acid, replace the lid on the bijou bottle, and gently rinse the roots in tap water 
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Staining the root tips
7. Using scissors, cut off the terminal 3mm of the root tips and allow them to fall onto a small watch glass 

8. Add one drop of 1% toluidine blue stain

9. Leave the garlic in the stain at room temperature for 2 minutes

10. Remove the excess stain and rinse the root tips in the watch glass using a plastic pipette and tap water

Preparing the root tip squash
11. Use a paintbrush to carefully transfer the root tips to a clean microscope slide.  

12. Add a drop of water to the root tips and gently spread the root tips with a mounted needle, so that they are not overlapping
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Carefully place a coverslip on top, minimising the introduction of air bubbles

14. Cover the slide and coverslip with a paper towel by wrapping the towel around the slide several times

15. Avoiding sideways movement, gently press down on the coverslip with a thumb to squash the root tips and to spread them out 

Observing the root tip squash
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View the root tip squash through a light microscope with the x10, then the x40 objective.

 Spend a few minutes looking over the whole of your prepared slide. You are looking for small, square cells that are found in rows. They have no obvious vacuoles or thickening of the cell walls 

17. When you have found a field of view which contains dividing cells;

a. Make large (half a sheet of A4 per cell), labelled diagrams of cells in different stages of the cell cycle. 

Clearly label your drawings, stating

(i) the tissue used, 

(ii) the magnification that you were using to view the slide and 

(iii) the stage of the cell cycle shown by each drawing. 

Add labelling lines to identify features within the cells.

b. Use the eyepiece graticule and the stage micrometer to measure the sizes of the cells that you have chosen to draw.

c. Calculate the mitotic index for your chosen field of view, using the formula
MITOTIC INDEX = NUMBER OF CELLS IN THE FIELD OF VIEW UNDERGOING CELL DIVISION 





TOTAL NUMBER OF CELLS IN THE FIELD OF VIEW

18. Calculate the percentage of cells in each stage of the cell cycle in your field of view.



Questions

1. Explain why root tips are used in this investigation.

2. Why are you using several roots?

3. Why are the root tips placed in IM hydrochloric acid at 40oC for 5 minutes?

4. Why are the root tips placed in toluidine blue stain for 2 minutes

5. Why are the root tips gently squashed?

6. How could you increase the reliability of estimates of cell size?

7. How could you modify the protocol to improve the definition of the chromosomes within the cells?

8. The mitotic index is a quantitative expression of the amount of cell division that a tissue is undergoing. Compare the mitotic index for cells in the root tips of your garlic clove with the mitotic index obtained by other students in your class, using different garlic cloves. 

a. Discuss the possible causes of 

(i) similarities in mitotic indices

(ii) differences in mitotic indices within the class.

b. How might a mitotic index be used in the study and treatment of cancer?

9. As your slide is a snap-shot of the cell division occurring in the root tip meristem at one moment, what do the percentages that you calculated in step 18 suggest about the length of time that the root tip meristem cells spend in each stage of the cell cycle? Explain your answer.
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