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Mitosis, Meiosis, and Reproduction

Introduction to Mitosis

A mature pear tree contains an estimated 15,000,000,000,000 cells.  However, this tree began its life as a single cell.  This tremendous amount of growth is made possible by the process of cell division in combination with the expansion of cells and their contents between successive divisions.  The cell cycle refers to the events during the interval from one cell division to the next.

Mitosis, the nuclear division portion of the cell cycle, equally partitions chromosomes from one nucleus into two nuclei.  In order to complete its division, a cell also divides its cytoplasmic components in half in the process of cytokinesis.  The combination of mitosis and cytokinesis produces two genetically identical daughter cells from a single mother cell.  You learned in a previous lab that in plants, cell division is mostly confined to specific regions, called meristems.  For example, plant stems grow in length by cell division at the tips as a result of cell division in the shoot apical meristems.

Mitosis provides the mechanism for a cell to equally partition its genetic material (genes) into daughter cells.  Genes are segments of DNA that carry the information necessary for a cell to function.  A chromosome is basically a molecule of DNA containing many genes in a linear arrangement.

Before mitosis, each DNA molecule is precisely copied.  The two identical molecules that result, called chromatids, are attached together at only a single place, the centromere.  After DNA has been copied, a chromosome is composed of two chromatids and one centromere.  During mitosis, the chromatids separate so each ends up in a different daughter cell.  After the chromatids separate at mitosis, each chromatid is considered to be a chromosome.  A chromosome, therefore, may contain one or two DNA molecules, but it always has only one centromere.

Cells proceed through an organized series of stages to complete mitosis.  You should be able to see each of these stages in root tip cells.  The stages are as follows:

Prophase – chromosomes become condensed so that they can be seen as dark-staining objects.

Metaphase – chromosomes line up on a plate in the center of the cell.

Anaphase – chromatids move to opposite poles of the cell.

Telophase – chromosomes de-condense and become indistinct.

Interphase – time between divisions.  Chromosomes not visible.  Nucleoli visible in otherwise unstained nuclei.

Mitosis Exercise - Onion Root Tip Squash for Mitotic Chromosomes

Note:  Before starting this exercise, go through steps (1) through (7) of the meiosis staining procedure on page 183.  Then return to this exercise and complete it during the 60 minutes of staining  with Schiff's Reagent.

Root tip apical meristems are sites of very active cell division, so they are good tissues for the study of mitosis. Use the following method to prepare cells for chromosome viewing.  Cell divisions are abundant only in the youngest part of the root.  Therefore, collect only the terminal 2 mm of a root for your squash.

Compare your slide with the prepared slide of mitosis.  Answer question Q1 on the answer sheet. If the slide you stained has abundant cell divisions, use it to observe 100 cells that are in the region where divisions are common.  If you don't have many dividing cells, use the prepared slide.  Count the number of cells in each stage of mitosis and in interphase. 

A cell cycle in an onion root tip typically takes about 16 hours.  During this time the cell will go through one complete round of mitosis, cytokinesis, and all the growth involved in the next interphase.  You can use the following formula to calculate the amount of time a cell spends in each stage:




Use your data and calculations to complete Q2 and Q3 on the answer sheet.

Introduction to Meiosis

The entire vegetative growth of the pear tree from a single cell occurs as a consequence of cell division by mitosis.  Each vegetative cell is genetically identical.  When the tree flowers, however, sexual reproduction depends on a very different kind of cell division, meiosis.  Meiosis is necessary for the production of cells that can combine to ultimately produce a child that shares the characteristics of two parents.

Like mitosis, meiosis involves the partitioning of chromosomes into separate nuclei and, eventually, daughter cells. Meiosis also involves a similar progression of changes in the appearance of individual chromosomes.

The major differences between mitosis and meiosis include:

· Mitosis involves one division to produce two daughter cells. Meiosis involves two consecutive divisions to produce four daughter cells.

· During the course of mitosis, each chromosome behaves independently.  During meiosis, however, each chromosome inherited from one parent specifically aligns with a homologous chromosome inherited from the other parent.  These homologous chromosomes are identical in size and carry genes for the same traits.  The difference is obvious from the start in cells stained to reveal chromosomes, for only half as many centers of color appear in a meiotic cell.

· The products of mitosis have the same chromosome number as the mother cell.  The products of meiosis contain half as many chromosomes as the mother cell.

· The products of mitosis are genetically identical to the mother cell.  The products of meiosis are genetically different from the mother cell and from one another. They reflect the recombination and segregation of genetic material.

· Mitosis is used for plant growth, wound repair, and asexual reproduction.  The cells produced by meiosis either function as gametes as in sexual reproduction of animals or grow into a gamete-producing generation as in sexually reproducing plants.

· Mitosis occurs throughout a plant’s lifetime and is especially frequent in meristems.  Meiosis only happens when plants are reproductively mature and occurs only in specialized regions, such as male and female flower parts.

Cells produced by meiosis are haploid (contain one copy of each chromosome) and develop into the gametophyte stage of the plant life cycle.  Haploid cells that unite during fertilization are diploid (contain 2 copies of each chromosome) and develop into the sporophyte stage.

Meiosis is a complex process.  The pairing up of homologous chromosomes, which occurs during prophase of the first meiotic division (prophase I) and persists through the subsequent metaphase, is especially time-consuming.  In lily, meiosis requires approximately 192 hours to complete.  In contrast, the entire mitosis cell cycle in lily lasts less than 24 hours with mitosis itself taking less than 2 hours.

A. Meiosis Exercise - Lily Anther Squash for Meiotic Chromosomes

In flowering plants, meiosis is confined to particular microspore mother cells in the male flower parts (anthers) and megaspore mother cells in the female flower parts (ovaries).  It is generallly easier to observe meiosis in anthers than ovaries because they have a greater proportion of meiocytes (cells undergoing meiosis).

One difficulty in studying meiosis is finding cells that are in the proper stage of development.  Unlike mitosis, which occurs over and over in the cells of a meristem, meiosis  of a cell occurs only once.  That is because meiosis depends on a diploid condition, and produces haploid cells.  Therefore, it is critical to collect anthers just as their cells are beginning to undergo meiosis. Lilies are commonly used for studies of meiosis because they have large flower parts and because the length of the flower bud can be correlated with the stage of development.  Flower buds that are 15-20 mm in length are likely to include cells that are undergoing meiosis.

Answer questions Q4 and Q5 on the answer sheet.
Reproduction

Sexual reproduction produces offspring that are genetically different from both parents.  This genetic variation allows species to adapt to changing environments by evolution brought about by the process of natural selection and allows organisms to adapt to changing environments.  However, sexual reproduction depends on genetic material being transferred from on parent to another.  Because plants can't move, they are particularly vulnerable to failure of successful sexual reproduction.  

Therefore, it is not surprising to find that many plants also have the ability to reproduce in ways that do not involve meiosis or fertilization.  These methods of asexual reproduction result in the production of clones - groups of individuals that are genetically identical.

B. Demonstrations

1. Asexual reproduction by Specialized Structures.

Potato tubers, tulip bulbs, quackgrass rhizomes, and strawberry runners are examples of plant parts which will regenerate new plants asexually.  Answer question Q6 on the answer sheet.

2. Asexual Propagation by Cuttings.

Asexual reproduction is common in nature and it is also widely used in commercial propagation of plants.  For example, all '“Red Delicious” apple trees have originated from a single ancestral tree.  They are propagated asexually by grafting their branches or buds onto apple saplings.  Many plants, such as rose, grape, willow, lilac, African violet, and black raspberry, are cloned by inducing root formation on cuttings of stems, leaves or roots.

3. Tissue Culture. 

A method of asexual propagation that is becoming increasingly popular is tissue culture.  Segments of actively dividing plant tissue are aseptically cultured into new plants.  Because each cell contains all the genetic information necessary to regenerate a complete plant, even a single cell can often be cultured if the correct conditions are provided.  Genetic engineering techniques often involve inserting DNA into a single cell.  When that cell divides (by mitosis of course), the new DNA will be distributed to all cells in the regenerated plant along with the original genes.  

D. Propagation Exercise

Potato plants are easily propagated by both sexual and asexual means. Wild potatoes reproduce by both seeds and tubers.  Actual potato seeds are produced via sexual reproduction and are therefore genetically different from each other.  All tubers produced by a single plant are genetically identical to each other.  

In studies of inheritance, an observable trait is called a phenotype.  The combination of genes that determines the inheritance of that trait is called a genotype.  A plant’s phenotype, results from the effects of its genotype interacting with its environment.  For example, the height of a plant (phenotype) is influenced by the genes inherited from its parents (genotype) but also by the conditions under which it has grown.  In this exercise, you will compare phenotypic variability among plants grown from seeds (sexual reproduction) with that among plants grown from tubers (asexual reproduction). 



	Date
	Trait
	Seedlings
	Tuber pieces

	
	
	Plant #1
	Plant #2
	Plant #3
	Plant #4
	Plant #1
	Plant #2
	Plant #3
	Plant #4

	
	Height, cm
	
	
	
	
	
	
	
	

	
	Color
	
	
	
	
	
	
	
	

	
	# leaves
	
	
	
	
	
	
	
	

	
	Height, cm
	
	
	
	
	
	
	
	

	
	Color
	
	
	
	
	
	
	
	

	
	# leaves
	
	
	
	
	
	
	
	


Calculate the variance among seedlings and among tuber pieces for height and leaf number on each date. If your height measurements of the seedlings at week 6 are 4.0, 5.1, 4.8, and 4.3 cm, then the variance would be calculated as follows:

(1) Calculate the mean (average) of the 4 numbers:

(4.0+5.1+4.6+4.3) / 4 = 4.5

(2) Subtract the mean from each number and square the result.

(4.0-4.5)2 = 0.25, (5.1-4.5)2 = 0.36, (4.6-4.5)2 = 0.01, (4.3-4.5)2 = 0.04

(3) Calculate the mean of the 4 squares:

(0.25 + 0.36 + 0.01 + 0.04) / 4 = 0.165.

This gives you an idea of how variable your data are.  The higher the variance, the farther each measurement, on average, deviated from the mean.

Answer questions Q7 – Q10 on the answer sheet.
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Answer Sheet, Laboratory 14  

Q1.  How does the arrangement of cells in your preparation differ from that of the cells on the prepared slide?

What might be an advantage of preparing mitosis slides using thin sections instead of squashes?

What might be a disadvantage?

Q2. Table 3-1. Estimated duration of stages of mitosis.

	
	Your Count
	Class Count

	
	Number
	Duration
	Number
	Duration

	Prophase
	
	
	
	

	Metaphase
	
	
	
	

	Anaphase
	
	
	
	

	Telophase
	
	
	
	

	Interphase
	
	
	
	

	TOTAL
	
	
	
	


Q3. Do your duration estimates seem logical, considering the events that must take place during each stage?
Q4. What stages of meiosis did you find?

Q5. How did the cells at meiosis differ in appearance from those at mitosis?

Q6. What are the advantages of asexual reproduction compared to sexual reproduction?

What are the advantages of sexual reproduction compared to asexual reproduction?

Q7. Were variances higher among scores for seedlings or tubers?

Explain why seedling variances were different than tuber variances.

Q8. The 4 plants derived from one tuber are genetically identical.  However, plants were not identical in appearance.  Explain how this variability came about.

Q9. Considering your observations from this experiment (variances, growth rate, potential for disease spread, size of seed vs. tubers, storage conditions required for seed vs. tubers) explain why:

It would be advantageous to plant a commercial field of potatoes from tubers.

It would be advantageous to plant a commercial field of potatoes from true seed.

Q10. Under what conditions in nature would it be advantageous for wild potatoes to reproduce:

sexually (using true seed)?

asexually (using tubers)?

Propagation Procedures


[Steps 1-6 for this experiment can be found on page 13.]


  Although you planted 12 seeds, choose the 4 most widely spaced seedlings for week 6 measurements.  Remove the remaining ones and discard them.  Measure and enter the seedling heights in cm and fill in the color observations and leaf count.





Meiosis Staining Procedure


Prior to this lab, lily buds were collected and “fixed” overnight in Carnoy’s solution (3 parts ethanol to one part 95% glacial acetic acid).  The function of fixation is to kill the cells without causing distortion of the chromosomes.  The buds were then stored in 70% ethanol in a refrigerator.


Remove an anther from the vial and put it into another vial containing distilled water. 


After at least 5 minutes, decant and replace with fresh distilled water. 


Repeat step 2. Make sure the anthers sink to the bottom of the vial.


Decant and add 1N HCl that has been heated to 60C.  Incubate (without cap on vial) for 10 min. at 60C.


Add ice-cold distilled water to the vial and pipet off the (now dilute) HCl.


Add just enough Schiff’s reagent to cover the anthers.


Stain in Schiff’s reagent in the dark for 60 min. Cap the vial during staining.  The anthers should be dark purple after staining.  (Do the mitosis stain on page 181 during the staining.)


Transfer the anther to a drop of 45% acetic acid on a clean microscope slide.


Gently macerate the anther with a scalpel blade or dissecting needle.


Add a coverslip and apply even, light pressure.


Observe at low power and look for cells undergoing meiosis. Be sure you can distinguish between the meiocytes and the vegetative cells of the anther. Anther wall cells are smaller and denser. Observe at 400x.


Compare your observations with photographs of meiosis.  You are most likely to see cells at prophase I because it lasts so long.  You may also see dyads (cells that have completed the first meiotic division) and tetrads (cells that have completed the second meiotic division.





Chromosome Squash Procedure


Remove an entire young onion root with a razor blade.  If you leave a broken tip, another student may go through the whole procedure on what only appears to be an apical meristem, but will have no chance of finding cell divisions.


Cut off 2 mm of the growing tip and place it on a slide.  Be sure you use the end with the apical meristem!


Cover root tip with 2 drops of 1 N HCl (the HCl dissolves the middle lamella so the cells can separate).


Warm gently (do not boil) over the flame of an alcohol lamp, keeping slide warm for at least 60 seconds (this enhances the action of the HCl and also causes the chromosomes to swell).


Blot off excess HCl with a paper towel.


Add a coverslip.  Fold paper towel over slide and crush gently with your thumb.


Remove coverslip and add two drops of toluidine blue.


Warm gently (do not boil) over the flame of an alcohol lamp for one minute.  The heat promotes continuing breakdown of the middle lamella and speeds the penetration of the stain into the cells.


Blot off excess stain with paper toweling.


Add one drop of water and apply a coverslip.


Fold a paper towel over the slide and coverslip and crush gently again.


Apply a coverslip and observe under low power (100x or 200x).  Look for cells that are well-separated, not elongated, and have conspicuous nuclei.  In these regions, look for dividing cells, which have darkly stained chromosomes.  Look at dividing cells at 400x to determine which stages of division are present.
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