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Chapter 8  
 
CHROMOSOMES, MITOSIS AND MEIOSIS 
 
 
I. CHROMOSOMES 
 

All cells store their genetic information in deoxyribonucleic acid (DNA).  This DNA is 
packaged with proteins (mainly histones) into complexes called chromosomes.  Prokaryotic 
cells generally contain a single circular chromosome.  In eukaryotic cells chromosomes are 
linear structures located in the nucleus, separated from the cytoplasm by a double membrane 
system, the nuclear envelope.  Haploid cells contain a single set of chromosomes, while in 
diploid cells chromosomes exist in homologous pairs.  The number of chromosomes is specific 
for any given species.  The body cells of a human being, for instance, contain 46 chromosomes, 
i.e. 23 pairs of homologous chromosomes, Drosophila melanogaster cells contain 4 
homologous pairs. 

 
During the eukaryotic cell cycle (Figure 8-1) chromosomes undergo characteristic 

structural changes.  In interphase, chromosomes are in a relaxed state, not visible as distinct 
structures under the light microscope.  It is in this stage that chromosomes are metabolically 
most active, with genes being selectively transcribed (copied into RNA) and the DNA as a whole 
being replicated.  Therefore, which each chromosome consists of a single strand of DNA at the 
beginning of interphase, replicated chromosomes at the end of interphase consist of two 
strands of DNA connected at the centromere.  During cell division, replicated chromosomes 
adopt a highly compacted shape that can be observed under the microscope (Figure 8-2).  This 
shape represents the chromosome’s transport form. 

 
 

 
 
 
 
 
 
 

 
 

Figure 8-1.  The Cell Cycle                                     Figure 8-2. Metaphase Chromosome 
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Karyotype analysis is a technique used to distinguish the number and morphological 

characteristics of an individual's chromosome complement.  In a karyotype preparation, 
metaphase chromosomes are spread out and stained.  Each chromosome displays a unique 
banding pattern depending on the type of stain used.  Karyotype preparations of human cells 
are made in the following manner: 

 
1. A tissue culture is grown from a cell sample (biopsy).  White blood cells, bone 

marrow and several other tissues are readily cultured in vitro (Latin: in glass). 

2. The tissue culture is treated with colchicine, a plant alkaloid which destroys the 
microtubules of the mitotic spindle.  Thus many cells will be arrested in metaphase 
of mitosis, the phase in which chromosomes are replicated and are maximally 
condensed. 

3. Treatment with a hypotonic solution serves to expand the cells and causes the 
chromosomes to spread over a larger area. 

4. The cells are finally put on a microscope slide, stained with a nuclear dye such as 
Giemsa stain, and viewed by the investigator. 

 
Previously, for permanent records and for chromosome identification, karyotype 

preparations of human cells were photographed through the microscope.  The print was then 
enlarged and the individual chromosomes cut out and arranged according to size and 
morphological characteristics.  Now, most of the analysis is done using digital images and the 
cutting and pasting is performed using the computer.  Analysis of the arranged chromosome 
complement is a valuable procedure for determining chromosomal sex of an individual and for 
identifying human genetic defects such as deletions, duplications, or rearrangements, or 
syndromes characterized by an abnormal chromosome number, such as Downs Syndrome and 
Turner Syndrome. 

 
In order to diagnose a particular genetic disorder, it is imperative to identify individual 

chromosomes.  To accomplish this identification the following characteristics of metaphase 
chromosomes are used: 

1. Size - relative length of a chromosome compared to all other 
chromosomes in the cell. 

2. Centromere position - relative length of the two chromosome arms.  A 
chromosome with a centrally located chromosome and roughly equal arms is 
metacentric, while a chromosome with the centromere near one end and very 
different lengths of arms is telocentric. 

3. Banding pattern - light and dark staining areas.  Depending on the 
specific stain used, each chromosome reveals a characteristic banding pattern. 

4. Nucleolus - attachment to a specific chromosome.  In some species, 
nucleoli may associated with a specific chromosome in early prophase. 

 
In this lab we will investigate the structure and number of chromosomes of several types 

of dividing cells.  We will also have a close look at the cell division process itself. 
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A. Human Chromosomes 
 

Examine the permanent slides of human male and female white blood cells.  If you 
employ the oil immersion objective, use care in cleaning both the objective and the slide.  Be 
aware that you are looking at duplicated chromosomes, consisting of two identical chromatids 
joined by a common centromere.  Chromosomes will appear as dark pink X’s, and 
chromosomes from a single cell will generally be located near each other within a circular area. 
PROCEDURE 
 

1. Count the number of chromosomes in several cells. 
 
 

2. Sketch a few chromosomes and label their landmarks.  See if you can identify 
which chromosomes you sketched. 

 
 
 
 
 
 

3. What is the chromosomal sex of the individual whose karyotype is shown in 
Figure 8-3? 

 

      
Figure 8-3.  Human Karyotype 
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B. Drosophila larvae salivary gland chromosomes 
 

One of the most distinctive and most intensively studied karyotypes is that of the fruit fly, 
Drosophila melanogaster.  During the larval stage the fly, which subsists largely on a 
carbohydrate diet, develops gigantic salivary glands.  Cells of the salivary gland are extremely 
large and contain giant, so called polytene chromosomes.  Enlargement of the chromosomes is 
accomplished by repeated doubling of the chromosomal material without subsequent nuclear 
division, a process named endomitosis.  A second unusual aspect of the giant salivary gland 
chromosomes is that the members of homologous pairs are joined (synapsed) throughout their 
entire length.  Thus, cells which have eight chromosomes (four homologous pairs) appear to 
contain four enlarged units. In most organisms synapsis between homologous chromosomes 
only occurs during meiosis.  Thirdly, the centromeres of all the units are aggregated into a 
single complex, the chromocenter.  Figure 8-4 shows a typical salivary gland karyotype. 

 
Patterns of banding distinguish each 

chromosome from the others.  The dark appearing 
bands have been shown to be the physical location of 
particular genes.  A large number of fruit fly genes 
have been mapped to specific bands.  When a gene is 
transcribed, its locus on the chromosome is expanded, 
resulting in the occurrence of a visible “puff”.  When 
the gene product is no longer required the puffed 
region again becomes compacted into its band.  Since 
gene expression during the development of the larvae 
is a highly dynamic process, the puffing patterns of 
polytene chromosomes change over time and vary 
depending on the tissue from which the chromosomes 

were collected. 
 
Figure 8-4.  Polytene Chromosomes  
of Drosophila Salivary Gland Cells 
 
 
 

We will dissect larvae of Drosophila 
virilis, stain, and examine their giant 
chromosomes.  This species of fruit flies is 
larger than D. melanogaster, so that the 
dissection is easier to perform.  In addition, all 
chromosomes of D. virilis are telocentric.  
Therefore, the number of arms protruding from 
the chromocenter corresponds to the number of 
chromosome pairs of the fly.  Refer to Figure 
8-5 for the anatomy of the Drosophila larva. 

 
 
 

Figure 8-5.  Internal Anatomy of a  
Drosophila Larva 
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PROCEDURE 
 
1. Transfer a large Drosophila larva from the side of the culture bottle to a drop of water 
on a microscope slide. 
 
2. Using a binocular dissecting microscope, place one fine dissecting needle just behind 
the black mouth hooks and the other in the middle of the larvae toward the posterior 
end.  (See fig 8.5). 
 
3. Move the dissecting needle that is behind the mouth hooks forward very slowly until 
the chitin surrounding the larva begins to break. 
 
4. Then, holding this needle stationary, move the other dissecting needle posteriorly, 
pulling the internal organs out of the larval body. 
 
 
5. Locate the two salivary glands.  They are rather large elongated structures and should be 
crystalline (silvery and translucent) in appearance. 
 
6. Separate the glands from the other tissues, and remove the other tissues from the slide.  Be 
especially careful to remove the mouth hooks and the cuticle.   Drain off the water and add a 
drop of aceto orcein stain.  Allow five to ten minutes for staining. 
 
7. Apply a coverslip and place the slide between layers of paper towels.  Press firmly with your 
thumb to squash the cells and spread the chromosomes. 
 
8. Examine your slide for presence of giant chromosomes.  Draw a salivary gland chromosome 
set, labeling the landmarks.  Additional larvae and permanent slides are available for further 
examination. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig 8.3.  Identification of Salivary 
glands from Drosophila larvae. 
Diagram from 1994 Woodrow 
Wilson Biology Institute. 
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QUESTIONS 
1. How would you proceed in distinguishing among several human 
chromosomes that are approximately equal in size? 

 
 
 
 
 
 
 

2. What information could you obtain if a study of giant salivary gland 
chromosomes were possible in humans?  By what alternative means could you 
obtain this information? 

 
 
 
 
 
 

3. Other than fetal testing, can you think of any situation where karyotype 
analysis of chromosomal sex might be used? 

 
 

 
 
 

 
II. MITOSIS 
 

Mitosis is part of the cell division cycle (Figure 8-1).  It is the process in which the 
replicated chromosomes of a cell are divided and precisely distributed to two daughter nuclei.  
As previously noted, cell growth and DNA replication have already occurred during interphase 
prior to mitosis.  Condensation of the chromosomes in preparation for transport occurs during 
prophase.  Metaphase chromosomes are maximally condensed and align on the metaphase 
plate at the equator of the cell.  The two chromatids are separated and pulled to the sides of the 
cell during anaphase.  During the last phase of mitosis, telophase, the cytoplasm of the mitotic 
cell normally begins dividing too.  This process of cytoplasmic division, called cytokinesis, 
completes cell division and gives rise to two genetically identical daughter cells.  Cytokinesis in 
animal cells is achieved by an “outside-in” constriction of the cell membrane, in plant cells a cell 
plate assembles “inside-out” forming the cytoplasma membranes and primary cell walls of the 
daughter cells.  Note that the events described here only include the major chromosomal 
events. 

 
 
 
 
 
 
 
 

Figure 8-6.  Stages of the cell cycle as seen under the light microscope 



 8-7

Many organisms can use mitotic cell division to reproduce asexually.  This is obvious in 
unicellular organisms, but also in many plant species, for instance, new individuals can be 
grown from parts of a parent plant by mitotic divisions alone (ever grown a new carrot from a 
carrot top?  or a new potato plant from the eye cut out of a potato?).  In general, all multicellular 
organisms accomplish growth, tissue maintenance, and repair of injury by mitotic cell divisions. 

 
The process of mitosis is remarkably similar in the majority of eukaryotic organisms, 

including plants and animals.  We will examine mitotic cells from onion roots and white fish.  We 
will try to identify the main stages of the cell cycle as shown in Figure 8-6, and will calculate the 
rate at which mitosis proceeds through them. 
 
PROCEDURE 

Analyze the mitotic process in plant and animal cells. To this end, obtain prepared slides 
of mitotically active tissues from onion and white fish.  Observe under the microscope and 
sketch and label the following phases of the cell cycle for both cell types: 
 

1. Interphase 
Cells in interphase show no visible signs of cell division or mitosis.  The 
nucleolus is visible but the chromosomes are indistinct and appear as fine dots or 
threads called chromatin.  

 
 
 
 
 
 
 
 
 
 

2. Mitosis - Prophase 
Prophase is the first stage of actual cell division.  The nucleolus disappears and 
the nuclear membrane breaks down.  The chromosomes condense; in early 
prophase the chromosomes may appear as intertwining threads, later they 
become discrete rod-shaped bodies (Figure 8-1 and 8-5).  Each half, or 
chromatid, is a single strand of DNA and an exact replica of its sister chromatid.  
Chromatids are connected by the centromere of each chromosome.  A network 
of spindle fibers begins to form throughout the cell, emanating from centrosomes 
at the poles of the cell and enclosing the chromosomes near the center. 
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3. Mitosis - Metaphase 
The chromosomes align along a central plane in the cell, the equatorial plate. 
Sister chromatids of each chromosome are attached to spindle fibers from 
opposite poles.  These fibers are called kinetochore microtubules, because they 
consist of microtubules which contact the kinetochores of the chromatids in the 
centromere region of the chromosome. 

 
 
 
 
 
 
 
 
 
 
 

4. Mitosis - Anaphase 
The centromeres of the chromosomes divide and sister chromatids are pulled  
towards opposite poles by the shortening of the kinetochore microtubules.  At this 
stage, the chromatids become unduplicated chromosomes in their own right.  
Two other types of spindle fibers, polar microtubules and astral microtubules, 
both contribute to the elongation of the spindle; polar microtubules, which overlap 
in the center of the spindle, push the spindle poles apart, and astral microtubules 
pull the poles closer to the cell surface. 

 
 
 
 
 
 
 
 
 
 

5. Mitosis - Telophase 
This phase of mitosis is essentially a reversion of prophase.  The chromosomes 
accumulate at the poles and new nuclear membranes form and enclose them.  
The spindle fibers disassemble.  The chromatin network begins to reform as the 
chromosomes become less condensed, and the nucleolus reappears.  At the end 
of telophase, aggregating vesicles establish the cell plate in plant cells, while in 
animal cells a cleavage furrow forms, to divide the cytoplasm into the two 
daughter cells (cytokinesis). 
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 6.   Relative Length of Mitotic Stages 
Mitosis is a dynamic process and the stages are merely “snapshots” at different 
times throughout.  We will calculate the relative length of time the cell requires to 
complete each stage in this exercise.  Choose whether you wish to do the 
calculation for onion root tip cells or whitefish blastula cells.  Count 100 mitotic 
cells (do not include cells in interphase) and classify them into each of the 
following categories.  Fill in the table and use your calculations to draw a pie 
chart of mitosis for your tissue type.   

 
Mitotic Phase Number of Cells (tally) Total Percent 

Prophase 
  

Metaphase 
  

Telophase 
  

Anaphase 
  

 
 
PIE CHART: 
 
 
 
 
 
 
 
 
 
 
QUESTIONS 
 
1. What similarities can you detect in the cell division processes of plants and animals?  
What differences?   
 
 
 
 
 
 
2. Why are onion root tip and whitefish blastula used to show mitotic cells?  What other 
tissues might you expect to have a large proportion of mitotic cells, and why? 
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3. Which stage of mitosis takes the longest in the onion root tip?  In the whitefish blastula? 
  
 
 
 
 
 
4. Why didn’t you include interphase cells in your calculation?  What do you think you 
would find if you used this method to calculate the relative amount of time cells spend in 
interphase vs. mitosis? 
 
 
 
 
 
 
 
 
III. MEIOSIS 
 

Mitotic cell division, an essential aspect of growth and maintenance of a multicellular  
organism, is accomplished in all types of tissues and gives rise to all the somatic cells of the 
body.  However, sexually reproducing organisms perform a second type of cell division called 
meiosis.  In animals and higher plants, this latter kind of cell division occurs only in gonads and 
ultimately results in the formation of gametes.  Table 8-1 indicates the relationships between 
tissue types, division process, and resultant cell products. 

Meiosis is a nuclear process in which DNA replication is followed by two consecutive 
chromosomal divisions.  This process results in four cells, gametes in animals and spores in 
plants, each of which contains half the number of chromosomes as the original cell.  Recall that 
somatic cells in animals and higher plants are diploid (2n), having each type of chromosome 
present in pairs.  The resulting cells are therefore haploid (n), i.e. they contain only one member 
of every chromosome pair found in the original cell.  The reduction of the chromosome number 
to the haploid state in gametes is significant for reestablishing the original chromosomal 
complement in the next generation of individuals.  In humans, for example, the 46 
chromosomes in the diploid cells of the germ line are reduced to 23 chromosomes in the 
gametes (eggs or sperms).  After fertilization, the nuclei of the gametes fuse and the nucleus of 
the zygote contains 23 pairs of homologous chromosomes again. 

 
Table 8-1.  Tissue types and cell division 
 

Tissue 
 

Developmental 
Stage 

 
Division 

Type 

 
Cell Products 

 
Somatic 

All body tissues 

 
Zygote, embryo, 
juvenile, adult 

 
Mitosis 
(equational) 

 
Diploid body cells 
(2n  to  2n) 

 
Gonadal 

Animals: ovaries 
testes 

Plants: ovary 
anthers 

 
Adult 

 
Meiosis 
(reductional) 

 
Haploid gametes 
in animals 
Haploid spores in 
plants (2n  to  n) 
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 The products of meiosis will eventually develop into gametes, the haploid sex cells that 
form the bridge between the generations.  Species of plants and animals differ in particular 
aspects of gamete development.  In animals the products of meiosis will differentiate into 
functional gametes directly, whereas in plants the products of meiosis, the spores, will undergo 
a certain number of mitotic divisions before maturing into gametes.  Whatever the exact process 
of gamete formation is, meiosis is the universal mechanism of nuclear division which precedes 
gamete formation in all sexually reproducing organisms. 
 In animals, these specializations give rise to unique, haploid gametes, which will 
undergo fertilization to form a new diploid individual.  Male gametes, known as sperm, shed 
most of their cytoplasm and organelles, retaining only the nucleus (which is typically highly 
condensed), mitochondrion to produce energy, and a propulsion mechanism such as a tail or 
flagellum.   View the grasshopper testis slide to see the products of meiosis in a male animal.   
Female gametes undergo asymmetric cytokinesis, so that only one of the daughter cells 
receives a significant amount of cytoplasm.  This cell will become the egg, or oocyte, while the 
other products of meiosis are non-functional polar bodies and are discarded.  Often, meiosis in 
the female does not complete until after fertilization.  View the ascaris models to observe the 
steps of this process.  
 In plants, a very different life cycle called alternation of generations exists (Figure 8-7). 
Haploid products of meiosis (spores) grow into gametophyte (gamete-producing) plants, which 
are often small and go unnoticed.  For example, the male gametophyte of a typical flowering 
plant takes the form of a pollen grain.  In lower plants such as Ceratopteris fern (C-fern), 
gametophytes can be free-living independent individuals (Figure 8-8).  These haploid 
gametophytes then produce haploid gametes by mitosis.  Fertilization leads to production of a 
diploid sporophyte (spore-producing) plant, the form with which we are most familiar. 
 
 
A. Stages of Meiosis 
 

As in the mitotic cell cycle, meiosis follows a period of cell growth and DNA replication.  
The duplicated chromosomes are distributed in two successive divisions, meiosis I and II, into 
four daughter cells.  There is NO DNA replication between these two divisions; therefore, the 
“interphase” between meiosis I and II is named interkinesis.  The actual reduction of the 
chromosome number happens in meiosis I (reductional division), meiosis II is a mitosis like 
equational division. 

 
Like mitosis, the meiotic divisions are divided into four stages: prophase, metaphase, 

anaphase and telophase.  Be aware, though, that these stages are stop-action views of a 
continuous process, introduced to facilitate the discussion and understanding of this complex 
nuclear division process.  Three phases of meiosis I deserve a closer look: 

 
1. Prophase I 
In addition to already described changes in nuclear organization, homologous 
chromosomes pair with each other in prophase I of meiosis.  This process is 
called synapsis.  The four chromatids of two homologous chromosomes form a 
tetrad that is held together by the synaptonemal complex, a specialized protein 
structure.  During synapsis, non-sister chromatids undergo crossing over events 
in which parts of the chromatids are exchanged.  In other words, crossing over 
leads to a new combination (recombination) of maternal and paternal genetic 
material.  In a later stage of prophase, the synaptonemal complexes disintegrate 
and crossing overs become visible under the microscope as chiasmata (sing. 
chiasma).  Prophase I of meiosis can last very long; in human females, for 
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instance, it begins in the fetus and does not complete until the egg is shed during 
ovulation, sometimes more than fifty years later. 
 
2. Metaphase I 
The paired homologous chromosomes are aligned in the equatorial plate of the 
meiotic spindle.  In contrast to mitosis, sister chromatids of the same 
chromosome, maternal or paternal, are attached to fibers originating from the 
same spindle pole. 
 
3. Anaphase I 
Homologous chromosomes separate and move to opposite spindle poles.  The 
distribution of different chromosomes is random, i.e. the paternal chromosome of 
any homologous pair may end up in a daughter nucleus together with the 
paternal or the maternal chromosome of any other homologous pair.  This 
random distribution of chromosomes is the second mechanism of recombination 
of maternal and paternal genetic material in meiosis.  After the first meiotic 
division, each daughter cell has only one copy of each chromosome, the number 
of chromosomes has been reduced to the haploid state (2n  to  n). 
 

Meiosis, as a process of nuclear division, was described by biologists near the end of 
the nineteenth century.  The understanding of the process facilitated the rediscovery of 
Mendel’s experimental results, since the behavior of chromosomes during meiosis can easily 
explain his rules of segregation and independent assortment of alleles. 

 
 
 

B. Post Meiotic Specializations 
 
After meiosis is completed, some of the product cells become gametes.  Different species have 
developed characteristic patterns of gamete formation.   
 
PROCEDURE 
1.  Observe the models demonstrating the completion of meiosis in the Ascaris worm, only after 
a sperm has penetrated into the egg’s cytoplasm.   You will use this information in the next 
exercise. 
 
2.  Observe the slides of grasshopper testis. 
In the grasshopper testis slide, you will observe a number of cysts.  Each cyst contains cells at 
the same developmental stage (end of meiosis I, metaphase II, post meiotic specialization, 
etc.).  See if you can identify cysts containing cells undergoing post meiotic specialization.  
What changes in cell shape and structure do you notice?  What is unique about the nuclear 
material at this point? 
 
3.  In the spaces below, illustrate the sequence of steps from the onset of meiosis to the 
production of mature gametes.  Include chromosome number (n or 2n), division type (meiosis or 
mitosis), and fate of each cell or nucleus produced.  Various printed sources including your 
textbook are available for reference. 
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Spermatogenesis - Sperm production in male animal 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Oogenesis - Ovum production in female animal 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 8-14

QUESTIONS 
 

1. What is the significance of meiosis?  Mitosis? 
 
 
 
 
 
 

2. Contrast and compare prophase I and II of meiosis. 
 
 
 
 
 
 
 

3. Why is it important that reduction in chromosome number accompany sexual 
reproduction? 

 
 
 
 

4. What may be the reason that natural selection tended to favor sexual 
reproduction over asexual reproduction in many organisms? 

 
 
 
 
5. How might you be able to tell the number of chromosomes in a diploid 

grasshopper cell?  The haploid number? 
 
 
 
 
 
6. After the sperm has penetrated the oocyte, what do you think might be 

happening to the sperm chromosomes while the oocyte completes oogenesis? 
 
 
 
 
 
7. What would you expect to happen if cytokinesis during telophase II of oogenesis 

was symmetrical? 


