Genetics (Biol 215) 

Lab exercise I

Chromosomes/Growth/ Mitosis

The genetic information of plants, animals and other eukaryotic organisms resides in several (2 to >1000) individual DNA molecules, or chromosomes, which are stored in the cell’s nucleus.  Prokaryotic organisms usually have a single, circular DNA molecule, alos considered a chromsome, but which is not as large, is not found in a separate celllular compartment, and is organized differently than that of eukarotes.   Each human cell possesses 46 chromosomes, while each cell of an onion possesses 8 chromosomes. All cells must replicate their DNA before dividing. During DNA replication, the two strands of the DNA double helix separate, and for each original strand a new complementary strand is produced, yielding two identical DNA molecules. DNA replication yields an identical pair of DNA molecules (called sister chromatids) attached at a region called the centromere. 
DNA replication in eukaryotes is followed by the process called mitosis (in somatic cells)  which assures that each daughter cell receives one copy of each of the replicated chromosomes. During the process of mitosis, the chromosomes pass through several stages known as prophase, metaphase, anaphase and telophase. The actual division of the cytoplasm is called cytokinesis and occurs during telophase. During each of the preceding stages, particular events occur that contribute to the orderly distribution of the replicated chromosomes prior to cytokinesis. 
Today’s lab exercise allows students to prepare plant cells for viewing of chromosomes.  Chromosomes of most plant and animal cells are visible with light microscopy only in the most condensed state, during the various phases of mitosis.  The mitotic cells used today are present in onion (Allium)  roots, recently grown, by YOU and fixed (preserving cellular shape and characteristics)  briefly for our use today.  Only cells near the root tip (farthest from the bulb) are actively dividing resulting in elongation/growth of the root.  Our goal for today is to prepare and view cells at the root tip, which are actively engaged in all 4 phases (prophase, metaphase, anaphase, telophase) of mitosis. The 4 phases will be described in some detail. Use your text and handout(s) to review.   (Recall, interphase is an important part of the cell cycle, but not a part of mitosis). 
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The stages of mitosis 
Prophase. During prophase, the chromosomes supercoil and the fibers of the spindle apparatus begin to form between centrosomes located at the pole of the cells. The nuclear membrane also disintegrates at this time, freeing the chromosomes into the surrounding cytoplasm. 
Prometaphase. During prometaphase, some of the fibers attach to the centromere of each pair of sister chromatids and they begin to move toward the center of the cell. 
Metaphase. At metaphase the chromosomes have come to rest along the center plane of the cell. Anaphase. During anaphase, the centromeres split and the sister chromatids begin to migrate toward 
the opposite poles of the cell. 
Telophase. During telophase, the chromosomes at either end of the cell cluster begin to cluster together, which facilitates the formation of a new nuclear membrane. This also is when cytokinesis occurs, leading to two separate cells. One way to identify that telophase has begun is by looking for the formation of the cell plate, the new cell wall forming between the two cells. 
Viewing mitosis in onion root tips. 
Regions of Onion Root tips 
· The root cap contains cells that cover and protect the underlying growth region as the root pushed through the soil. 
· The region of cell division (or  apical meristem) is where cells are actively dividing but not increasing significantly in size. 
· In the region of cell elongation, cell are increasing in size, but not dividing. 
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Why use onion roots for viewing mitosis? 
• The roots are easy to grow in large numbers.
• The cells at the tip of the roots are actively dividing, and thus many cells will be in stages of mitosis.
• The tips can be prepared in a way that allows them to be flattened on microscopes slide (“squashed”) so that the chromosomes of individual cells can be observed.
• The chromosomes can be stained to make them more easily observable. 
The objectives of this lab exercise are to: 
· Better understand the process and stages of mitosis. 

· Prepare your own specimens of onion root in which you can visualize all of the stages of mitosis  (as well as interphase) via a “sqash” slide.

· View mitosis in the same tissue in commercially purchased longitudinal sections of Allium root.
· Sketch directly from micoscope observation
· Apply an analytical technique by which the relative length of each stage of mitosis can be estimated. 

Part A.

Procedure for preparing root tip squashes 
You have grown (induced mitosis) and fixed (killed while preservin cellular shape and characteristics) your root tips for today’s procedure.
The first step will be to ‘soften’ the roots so that they later can be spread on a microscope slide. You will use 1N HCl for this process so please wear gloves and take care not to spill the tubes.
1. Using a razor blade, cut 2-3 fixed roots tips about 1 cm long, and transfer them into a plastic micro-tube. (Each person in the group should prepare one root tip.) 
2. Fill the tube about 2/3 full with 1N HCl using a squeeze dropper.  (Do not use this dropper in the other solutions. 
3. Place tube in a 60 degree C water bath and allow the roots to incubate here for 10 minutes.
4. After the 10 minute incubation period, remove the tube from the water bath. 
5. Use the dropper to remove the HCl and carefully squirt it into the discard cup.
6. Fill the tube about 2/3 full with Carnoy fixative and incubate the root for 5 minutes.
Staining the chromosomes. 
1. Using the bacterial loop carfully fish the root out of the tube and place it on a clean glass slide.
2. Using the razor blade, cut away all but about 2 mm of the root tip. (Be sure you can see the pointy, more white area of the very tip.
3. Using a clean dropper, put 1 drop of DNA stain, toluidine blue on the small root tip fragment.  Incubate for 1 minute.

4. Using a  kim wipe tissue, wick away most of the blue dye.  (don’t touch the root or dab it, just let the paper absorb most of the dye.)

5. Add a drop of water to the stained root tip. 
6. Carefully push straight down on the cover slide with your thumb. Push hard, but do not twist or push the cover slide sideways. The root tip should spread out to a diameter about 0.5 – 1 cm. 

Observations of onion root tip squash. 
Scan the microscope under the 4X and then 10x objective. Look for the region that has large nuclei relative to the size of the cell. The nuclei should be blue with lighter regions, which are nucleoli. Among these cells will be cells displaying stages of mitosis (and interphase).  In some cells the nuclei have distinct thick/dark chromsomes arranged in specfic ways. Examples are shown in the figure to the below. Switch to the 40X objective to make closer observations. 
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1. Sketch a cell in interphase and in each of the 4 phases of mitosis.  (If you are unable to find one or more of the phases, use a classmate’s slide. Label any distinguishing features for the cell.  Always indicate in your sketches, what total magnification you have.
Part B

In the second part of the lab we will use the commercially prepared onion root tip slides.  These slides have a very thin (.007-.012 mM) longitudinal section of onion (Allium) root tips.  The process for preparing these cells is much more complex (and expensive!) than the squashes you prepared.  Briefly, intact onion roots are fixed, dehydrated, and embedded in paraffin (wax).  The sections were sliced on an instrument called a microtome, stained and mounted on a microscope slide. Review the figure above to orient yourself to your root slide. You should find 3 sections on each slide.  Some preparations may be better than others…scan around to find one that had nicely stained cells. Compare to the pictures above.  Briefly scan the slide at 100X and 400X and identify cells in interphase and in mitosis (prophase, metaphase, anaphase, or telophase).  Where did you have to look for mitotic cells?
1. Note the similarities and differences between these slides and the ones you prepared.  

a. How are the slides similar?  How are they different?  Be specific. 

b. Can you think of any advantage to using the squashes over the commercial slides?

c. Can you think of any advantage to using the commercial slides over the squashes?

d. Can you see any phases or structures or detail that were not apparent in the squashes?  

2. a.  Sketch the intact root tip at a level of magnification that allows you to see most of the tip.  Label what you have sketched (using terms in the picture above) and indicate the magnification.  What cell cycle phase do you think the cells in the highest part of the root are in? Are they dividing? 
 Be sure to find examples of interphase, and the 4 mitotic phases.  If you were unable to find a phase in your squash you may sketch it from the commercially made slide. 
3.  Scan your slide, observing at least 50-100 cells in 2 different regions (one near the apical meristem, one  a little above that) of the slide. Count all the cells in one area, not just those in mitosis. 

Note the number of cells in interphase vs. the number in mitosis. (use the table provided to record the number of cells in each phase.)  Use the info to determine the mitotic index of this tissue. 
Mitotic index = # of mitotic cells       (usually expressed as %)


Total cells

a.  Where on the tissue is the mitotic index the highest?

b.  Consider your own body.  Where is mitosis going on in you?  Every cell?  Select cells?

c.  Is mitosis a sign of health or disease?  Explain.

d.  Can one artificially increase the mitotic index of a cell population/ tissue?  Give an example—think of how growth of a tissue is induced.

Part C.  In this exercise we will think of our slides as a snapshot in time, of what was happening in our root tips when they were cut and fixed. Each cell is “caught” doing what it was doing when the root was killed and the slide was made.  What does it mean if you see a particular phase often?  What does it mean if we see a particular phase rarely.

Using the commercially made slide, observe at least 100 cells near the apical meristem.  Again, count all the cells in a particular area where you see some mitotic cells.  Record the number of cells you observe in each of the phases of the cell cycle.  If you don’t see 100 mitotic cells in one section, move to the second or third on the same slide.

	
	Interphase
	Prophase
	Metaphase
	Anaphase
	Telophase 
	Total

	Number of 

Cells
	
	
	
	
	
	

	Percent of 

Cells 
	
	
	
	
	
	100%


 Assume that Allium has a  complete cell cycle of 5 hours.  Use the data you collect to approximate the duration of interphase and each phase of mitosis.  How long are these cells in mitosis? Sketch a cell cycle (circle) for this organism showing the relative duration (in minutes) of each phase. (Figure 2-6 in your text may help.)

Part D.  Observe/sketch from the demo slide of human chromosomes, from cells arrested (interrupted) in mitosis. (Note the magnification.)  How many chromosomes do you count? How many should you count? Can you recognize size or shape differences in the chromosomes?  How do you think you make a karyotype of a person’s chromosomes?   Why do we typically use another source of cells (not humans) to view chromosomes in an introductory genetics course?
