
Biology Background
■ The lengths of the various phases in the cell cycle differ

significantly among various types of cells, but the
combination of mitosis and cytokinesis is always the
shortest phase and G1 is nearly always the longest phase.
While some cells (for example, skin cells) divide frequently,
others, such as nerve cells, spend most of their life cycle in
a phase some scientists refer to as “G0,” in which they are
not actively dividing. 

■ Chromosome banding patterns are a result of the stain
used to prepare the karyotype, as different stains are taken
up preferentially by sections of DNA rich in specific
nucleotides (i.e., G-C rich and A-T rich sequences). The
most widely used staining technique for chromosome
analysis is the Giesma stain, which results in the
conventional staining pattern seen in most karyotypes, G-
banding. This banding pattern is named for the Giesma
dye, but can be produced by other dyes as well. G-banding
results in alternating light (euchromatic G-C rich regions)
and dark bands (heterochromatic A-T rich regions). This
technique is most helpful in identifying structural
chromosomal abnormalities. Other common banding
techniques include C-banding (specifically stains for
heterochromatin, such as in centromeres), Q-banding,
which uses a fluorescent stain to show chromosomal
rearrangements (banding pattern is similar to G-banding),
and R-banding (reverse G-banding pattern; dark regions
are euchromatin and light regions are heterochromatin). 

■ Several web sites have figures of human karyotypes and
chromosome spreads that may interest your students. Web
links can be found at www.albertabiology.ca, Online
Learning Centre, Instructor Edition, Teacher Web Links.

Teaching Strategies
■ Use BLM 16.1.1 (OH) Surface Area to Volume Ratio to

review this concept. It was introduced to students in
Science 10 in Alberta, but many may not remember how to
calculate this ratio. BLM 16.1.2 (HAND) Surface Area to
Volume Ratio Worksheet can be assigned to students who
are still struggling with this concept.

■ BLM 16.1.3 (OH) The Levels of Organization of
Genetic Material is similar to Figure 16.2 on page 552 of
the textbook. Use an overhead teaching tool or photocopy
and distribute this BLM for your students to file in their
notebooks for future reference.

■ To help illustrate the importance of the highly organized
arrangement of DNA in cells, organize students into small
groups. Bring several long ropes (DNA) and tin cans
(histones) to class and challenge students to see which
group can get the cans and rope to fit into the smallest
space or “nucleus.” BLM 16.1.4 (HAND) The Levels of
Organization of Genetic Material Worksheet can also be
used to help reinforce the various levels of organization for
students.

■ BLM 16.1.5 (OH) Homologous Chromosomes and
BLM 16.1.6 (OH) The Cell Cycle can be used as

teaching tools to help illustrate a discussion of these topics.
Both BLMs can also be photocopied and distributed to
your students for their notebooks. Students can write notes
directly on the figures while you are discussing them.

■ Figure 16.4 on page 553 introduces students to a normal
human karyotype. You may want to bring in other
karyotypes from genetic diseases such as Down syndrome
and Turner syndrome, where one chromosome is missing
or in excess, so that students have a chance to become
familiar with these karyotypes before they cover
nondisjunction, monosomy, and trisomy in chapter 17.

■ BLM 16.1.7 (OH) Human Karyotype can be used to
either introduce Investigation 16.A: Modelling Human
Karyotypes or as a tool to evaluate this investigation. 
BLM 16.1.8 (HAND) Chromosome Spread and 
BLM 16.1.9 (HAND) Blank Karyotype Form provide
the images of chromosomes and the blank karyotype form
that students need to complete this investigation. 

Answers to Questions for Comprehension
Student Textbook page 551

Q1. There is a limit to how large a cell can grow because, as a
cell grows, the volume of its cytoplasm increases at a faster
rate than the surface area of its plasma membrane. As the
volume of the cytoplasm increases, more materials must
pass through this membrane. If a cell continues to grow
in size, its plasma membrane would eventually be too
small to meet its metabolic needs. Thus, a cell must stop
growing once it reaches a certain size. New growth must,
therefore, come from the addition of new cells.

Q2. The cell cycle is the continuous sequence of growth and
division that a cell goes through during its lifetime. By
convention, a single cell cycle is defined as the sequence
of events from one cell division to the next.

Q3. The following is a summary of the technological advances
that lead to the development of new theories about the
origin of cells:
■ Until the mid-1800s, most scientists accepted the theory

of spontaneous generation.

■ 1840s: Advances in lens technologies increased the
magnification power of microscopes from 270× to
1200×. This advance helped scientists observe cell
division and propose an alternative theory of how living
cells originate.

■ 1855: Virchow became the first scientist to publish the
conclusion that new cells arise only from the division of
other cells.

■ 1879: Flemming used synthetic clothing dye (first
produced in the mid-1800s) to stain a specimen of
tissue. The stain was picked up by a substance in the
nucleus that he called chromatin. Within a few years,
Flemming offered the first accurate description of the
cell cycle and the process of cell division in animal and
plant cells.
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Q4. The central feature of the cell cycle is the way that
genetic material is duplicated and then passed from the
original cell (parent cell) to the new cell (daughter cell).

Student Textbook page 552

Q5. The genetic information of a cell is contained in the
DNA of its chromosomes. A chromosome is a length of
DNA and its associated proteins. In eukaryotic cells, the
chromosomes are found in the nucleus.

Q6. A centromere is a specialized, constricted (pinched-in)
region that is found in the centre of a chromosome. It
joins pairs of identical chromosomes (chromatids) in a
chromosome pair.

Q7. There are 46 chromosomes in the somatic cells of
humans.

Q8. Homologous chromosomes carry the same genes—areas
of DNA that contain specific genetic information—at
the same location; however, they are not identical.
Instead they carry different forms (alleles) of the same
gene. Homologous chromosomes also have several other
characteristics in common, such as their length,
centromere location, and banding pattern.

Q9. The X and Y chromosomes are known as the sex
chromosomes because they determine the sex of the
individual. A human female has two X chromosomes,
and a human male has one X chromosome and one Y
chromosome. 

Q10. A cell that contains pairs of homologous chromosomes is
said to be diploid, a cell that contains unpaired
chromosomes is said to be haploid, and a cell that
contains sets of more than two homologous
chromosomes is polyploid.

Student Textbook page 553

Q11. The particular set of chromosomes that an individual
possesses is called the individual’s karyotype.

Q12. A pair of homologous chromosomes carries the same
genes at the same locations (loci) on each chromosome.
Each pair of the 22 human chromosomes, and the X and
Y chromosome, is distinct from the others because it
carries different genes.

Investigation 16.A: Modelling a 
Karyotype

Student Textbook page 554

Purpose
Students will prepare and analyze a model of a human
karyotype.

Outcomes
30–C1.3.s

Advance Preparation

Time Required
45 minutes

Helpful Tips
■ Use BLM 16.1.10 (HAND) Investigation 16.A:

Modelling a Karyotype to support this activity. Remove
sections as appropriate to meet the needs of the students in
your class. The answers can be found on BLM 16.1.10A
(ANS) Investigation 16.A: Modelling a Karyotype. 

■ Hand out BLM 16.1.8 (HAND) Chromosome Spread
and BLM 16.1.9 (HAND) Blank Karyotype Form.
Remind students to carefully cut out the individual
chromosomes from the photographed metaphase spread. If
you wish, photocopy BLM 16.1.7 (OH) Human
Karyotype and hand to students to use as a guide to help
them arrange each chromosome on the blank karyotype
form.

■ Tell students not to tape the chromosomes to the
karyotype form or throw away any paper scraps until they
have identified each chromosome.

■ Use the following key to help students identify the
chromosomes: 
■ The three largest pairs of chromosomes are placed in

Group A. They have centromeres near the middle of the
chromosomes.

■ Group B includes two pairs of large chromosomes, which
have their centromeres close to one end.

■ Group C includes seven pairs of medium-length
chromosomes, plus the X chromosome. Their

Materials

■ image of the chromosomes in a human somatic cell [BLM 16.1.8
(HAND) Chromosome Spread]

■ blank karyotype [BLM 16.1.9 (HAND) Blank Karyotype Form]
■ scissors
■ tape

When to Begin What to Do

2 days before ■ Photocopy BLM 16.1.7 (OH)
Human Karyotype, BLM
16.1.8 (HAND) Chromosome
Spread, BLM 16.1.9 (HAND)
Blank Karyotype Form, and
BLM 16.1.10 (HAND)
Investigation 16.A:
Modelling a Karyotype.

■ Arrange for a class set of
paper, scissors, and tape.
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centromeres are slightly off-centre. The X chromosomes
are about the size of chromosomes 7 and 8 of the C
group. Thus a normal female will have 16 C-length
chromosomes; a normal male, only 15.

■ Group D has three pairs that are slightly smaller than
those in group C, but their centromeres are very close to
one end.

■ Group E also has three pairs, but their centromeres are a
bit closer to the centre of each chromosome.

■ Group F has two pairs of short chromosomes with
centromeres in the middle.

■ Group G has two pairs of the smallest chromosomes,
plus the Y chromosome in males, which is about the size
and shape of those in the G group. The centromeres of
these chromosomes are very close to one end. 

■ Putting students into teams of two or three will save time.
One student can be responsible for cutting out the
chromosomes while the others start to arrange them on
their blank karyotype form.

Safety Precautions
Ase necessary remind students to handle scissors properly to
avoid any accidents.

Answers to Analysis Questions
1. This cell has 46 chromosomes. Therefore the diploid

number (2n) for this cell is 46, and the haploid number
(n) is 23. This is written as n = 23.

2. If this were a sperm or an egg cell, there would only be 
23 chromosomes present. The chromosome number
would be n = 23.

3. If the karyotype contains 22 pairs of homologous
chromosomes and an X and a Y chromosome, the
individual is male. If the karyotype contains 22 pairs of
homologous chromosomes and two X chromosomes, the
individual is female.

Answer to Conclusion Question
4. It is possible to determine if an individual has a normal

number of chromosomes by seeing if there are 22 pairs of
homologous chromosomes and either two X
chromosomes (female), or an X and a Y chromosome
(male).  Additional chromosomes to the normal number
of 46 would indicate a chromosomal abnormality, as
would deletions of part or whole chromosomes.

Assessment Options
■ Collect and assess students’ answers to the Analysis and

Conclusion questions.
■ Collect and assess the karyotype forms students created in

Procedure Step 4.

Answers to Questions for Comprehension
Student Textbook page 555

Q13. The cell cycle is made up of two main stages: a growth
stage (interphase) and a division stage (cell and
cytoplasmic division). Interphase includes a series of
distinct phases: G1 (Gap 1 or Growth 1), S (synthesis),
and G2 (Gap 2 or Growth 2). The division stage consists
of mitosis and cytokinesis.

Q14. G1 phase: Rapid growth and metabolic activity occurs.

S phase: The DNA in the chromatin replicates to create
a second identical set of DNA. 

G2 phase: The cell rebuilds its reserves of energy to
prepare for division. As well, the cell manufactures
proteins and other molecules to make structures required
for division of the nucleus and cell.

Mitosis: The genetic material and the contents of the
nucleus are divided into two complete and separate sets.

Cytokinesis: The cytoplasm and the organelles are
divided into two separate cells.

Section 16.1 Review Answers
Student Textbook page 555

1. As a seedling grows into a tree, the size of the plant
increases. To accommodate this growth, cells must divide,
rather than simply grow larger. As a cell grows in size, the
volume of its cytoplasm increases at a faster rate than the
surface area of its plasma membrane. A cell absorbs
nutrients and excretes wastes through its plasma
membrane. As the volume of the cytoplasm increases,
more materials must pass through this membrane. If a cell
continues to grow in size, its plasma membrane becomes
too small to meet its metabolic needs. New growth,
therefore, must come from the addition of new cells.
Another reason cells must divide as a seedling matures is
that different cell types are required to meet the structural
and metabolic needs of the plant (i.e. the cells that make
up bark, leaves, roots, etc. all differ). Cell division is
necessary to produce these differentiated cells.

2. As microscopes and their lenses became further
developed, greater magnification followed; new synthetic
stains that specifically stained the chromatin in the
nucleus made it possible to identify the chromatin and
observe its behaviour during mitosis.

3. ■ G1 (Gap 1 or Growth 1) phase: The first growth stage
in which rapid growth and metabolic activity occurs.

■ S phase: The synthesis phase in which a duplicate set of
DNA is produced.

■ G2 (Gap 2 or Growth 2) phase: A second growth phase
in which the cell rebuilds its energy reserve and
produces the numerous proteins and other substances
required for mitosis and cytokinesis.
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arrange to have a computer, Internet access, and an LCD
projector in your room. There are also many web sites that
have video and/or animations that deal with mitosis. Having
access to such videos will help your students realize that,
although these phases are continuous, they are divided into
four main phases for convenience, according to the sequence
in which they occur. Links to relevant web sites can be
found at www.albertabiology.ca, Online Learning Centre,
Instructor Edition, Teacher Web Links.

■ Have students draw or use pipe cleaners to model the
events that take place in a cell during mitosis. It is worth
the extra effort to reinforce the events that take place in
mitosis, as it is important that students have a clear picture
of mitosis before discussing meiosis in the next section.

Figure 16.7
Student Textbook page 556

A study of these processes could help individuals who have
lost an appendage due to illness or injury. They could also
lead to treatment of people who are paralyzed as a result of
damage to their spinal cord.

Answers to Questions for Comprehension
Student Textbook page 556

Q15. The processes of mitosis and cytokinesis have three
important functions: 

■ Growth: They enable organisms to grow from a single-
celled zygote into a mature organism that may contain
hundreds of trillions of cells.

■ Maintenance: They produce new cells to replace worn
or dead cells.

■ Repair: They can regenerate damaged tissues. 

Q16. It is important for each daughter cell to receive the
correct genetic information; otherwise it might not be
able to carry out its specific function. In the absence of
precise, exact genetic duplication, one of the daughter
cells will receive a flawed, mutant genome that may
threaten its ability to survive, or even worse, cause it to
grow uncontrollably as a cancer cell.

Biology File: Try This
Student Textbook page 558

Students may decide that the DNA needs to spread out
during interphase in order for the cell to carry out its
metabolic activities and for the DNA to replicate. The
chromatin has to shorten and coil just before cell division in
order to ensure that each daughter cell gets one exact pair of
homologous chromosomes.

Answers to Questions for Comprehension
Student Textbook page 558

Q17. The four phases of mitosis are prophase, metaphase,
anaphase, and telophase.

Q18. The key events that happen to chromosomes in each
phase are as follows:

■ Prophase—the chromatin condenses into tightly
packed chromosomes.

■ Metaphase—spindle fibres from opposite poles attach
to the centromere of each chromosome; the spindle
fibres guide the chromosomes to the equator of the
cell.

■ Anaphase—each centromere splits apart; the sister
chromatids separate and are pulled to opposite poles of
the cell as the spindle fibres attached to them shorten.

■ Telophase—the chromatids have reached the opposite
poles of the cell; the chromatids begin to unwind into
the longer and less visible strands of chromatin.

Student Textbook page 559

Q19. The structural differences between plant cells and animal
cells lead to some differences in mitosis and cytokinesis:

■ Plant cells do not have centrioles, but they do form a
spindle apparatus.

■ The rigid cell wall of a plant cell is much stronger than
the membrane of an animal cell. The cell wall does not
furrow and pinch in during cytokinesis. Instead, a
membrane called a cell plate forms between the two
daughter nuclei. This cell plate extends across the
diameter of the cell, and it is then reinforced by the
addition of cellulose and proteins to create a new cell
wall.

Investigation 16.B: Observing the Cell 
Cycle in Plants and Animals

Student Textbook pages 559-560

Purpose
Students will identify the stages of the cell cycle in plant and
animal cells, calculate the duration of each stage of the cell
cycle in a plant or animal cell, and compare cell division in
plant and animal cells.

Outcomes 
■ 30–C1.2s
■ 30–C1.3s
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■ Have students make an old-fashioned “flip book” for each
of the stages of meiosis I and meiosis II. Have students
draw each step on a plain 7.5 x 13 cm index card.

■ Check with your local media distribution outlet to see if
they have any videos that discuss meiosis. It is usually
easier for students to see these events in real time rather
than simply looking at illustrations in a textbook.

■ Arrange to have a computer, Internet access, and an LCD
projector in your room.  There are many web sites that have
video and/or animations that deal with meiosis. Related
web links can be found at www.alberta.biology.ca, Online
Learning Centre, Instructor Edition, Teacher Web Links.

Answers to Questions for Comprehension
Student Textbook page 563

Q20. The two key outcomes of meiosis are reduction and
recombination. Meiosis is sometimes referred to as a
reduction division because it is a form of cell division
that produces daughter cells with fewer chromosomes
than the parent cells. Recombination is a key outcome of
meiosis as the products of meiosis have different
combinations of genes. This genetic recombination gives
rise to offspring that are genetically distinct from one
another and their parents.

Q21. Meiosis is a special type of cell division that occurs only
in reproductive organs. Meiosis produces genetically
unique reproductive cells called gametes. The gametes,
either eggs or sperm, are haploid (n), which means that
they contain only one copy of each type of chromosome
that the diploid (2n) parent cell contains. This differs
from the function of mitosis, which creates new,
genetically identical diploid cells to enable tissue
growth, maintenance, and repair.

Q22. Meiosis occurs only in reproductive organs. 

Figure 16.11
Student Textbook page 564

The events that occur in Meiosis I (synapsis of homologous
chromosomes, crossing over, separation of homologous
chromosomes into different cells) are unlike any events in
mitosis. Meiosis II more closely resembles mitosis than meiosis I
does. In meiosis II and mitosis, individual chromosomes
containing two sister chromatids align on the metaphase plate.
Then the centromeres divide and the sister chromatids are
pulled to opposite poles as spindle fibres shorten. However, in
meiosis II, there is only one set of chromosomes in each cell,
while there are two sets in mitosis. Also, only one cell divides in
mitosis, while two divide in meiosis II.

Answers to Questions for Comprehension
Student Textbook page 566

Q23. Meiosis I begins with prophase I. In prophase I, each
pair of homologous chromosomes align side-by-side in a

formation called a tetrad. This process is called synapsis.
It is during prophase I that crossing over of homologous
chromosomes occurs. In the next phase, metaphase I,
spindle fibres attach to the centromeres of each
chromosome and guide each tetrad to the equator of the
cell where the chromosomes line up as homologous
pairs. Independent assortment occurs in this phase.
During anaphase I, the spindle fibres shorten, causing
the homologous chromosomes to separate from one
another and move to opposite poles of the cell. Because
the sister chromatids are still held together, the
centromeres do not split as they do in mitosis. The result
is that a single chromosome (made up of two sister
chromatids) from each homologous pair moves to each
pole of the cell. Next, in telophase I, the homologous
chromosomes begin to uncoil and the spindle fibres
disappear. The cytoplasm is divided, the nuclear
membrane forms around each group of homologous
chromosomes, and two cells are formed. (Some cells
move directly from anaphase I to meiosis II). The phases
of meiosis II are similar to the phases of mitosis;
however, each cell that enters meiosis II is haploid,
although it consists of replicated chromosomes. Each cell
proceeds through prophase II, in which the centrioles
move to opposite poles and the nuclear membrane
breaks down; metaphase II, in which the chromosomes
line up at the equator; anaphase II, in which the
centromeres split and the chromatids are pulled to
opposite poles; and telophase II, in which the nuclear
membrane forms around each separated set of
chromosomes. At the end of meiosis II, the four new
daughter cells are still haploid, but they contain single
unreplicated chromosomes.

Q24. The result of mitosis is two daughter cells with exactly
the same number of chromosomes as the parent cell
(2n). The result of meiosis is four cells with half the
number (n) of chromosomes as the parent cell.

Q25. During crossing over, homologous chromosomes synapse
during prophase I. While they are lined up side-by-side,
non-sister chromatids exchange pieces of chromosome. As
a result of crossing over, individual chromosomes contain
some genes of maternal origin and some genes of paternal
origin. Independent assortment occurs in metaphase I.
Chromosomes are arranged in homologous pairs along
the equator of the cell. In each pair, the chromosome of
maternal origin is oriented toward one pole of the cell
while the chromosome of paternal origin is oriented
toward the other pole. This orientation of each pair of
homologous chromosomes is independent of the
orientation of the other pairs. Therefore, some maternal
homologues and some paternal homologues face each pole
of the cell. This means that the resulting gametes will
have different combinations of parental chromosomes.
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Biology File: Try This
Student Textbook page 567

Trisomy could occur as a result of nondisjunction of
chromosome 21 in either anaphase I or anaphase II in either
the maternal or paternal parent.

Thought Lab 16.1: Nondisjunction 
Syndromes

Student Textbook page 567

Purpose
Students will research a syndrome resulting from
nondisjunction and present their findings in a print or
electronic media format.

Outcomes
30–C1.5k

Advance Preparation

Time Required
■ 1-2 hours for research
■ 1 hour to create presentation of findings 

Helpful Tips 
■ Use BLM 16.3.12 (HAND) Thought Lab 16.1:

Nondisjunction Syndromes to support this activity.
Remove sections as appropriate to meet the needs of the
students in your class. The answers can be found on 
BLM 16.3.12A (ANS) Thought Lab 16.1:
Nondisjunction Syndromes Answer Key.

■ There are a number of web sites that provide information
on nondisjunction syndromes. Web links related to this
investigation can be found at www.albertabiology.ca,
Online Learning Centre, Instructor Edition, Teacher Web
Links. To save time, you may want to assign
nondisjunction syndromes to students and provide them
with a list of relevant web sites.

■ This Thought Lab can also be completed in groups or
partners.

Answers to Analysis Questions
1. to 3. Accept any well-researched and clearly presented

answers.

Assessment Options
■ Assess student presentations.
■ Collect and assess students’ answers to the Analysis

questions.
■ To assess group work, use Assessment Checklist 3

Performance Task Self-Assessment and/or Assessment
Checklist 4 Performance Task Group Assessment. (See
Appendix A.)

■ To assess research, use Assessment Checklist 7 Independent
Research Skills. (See Appendix A.)

Answers to Questions for Comprehension
Student Textbook page 568

26. Sometimes chromosomes or chromatids do not separate as
they should during meiosis. This phenomenon is called
nondisjunction. Nondisjunction occurs in anaphase I and
II of meiosis. In anaphase I, nondisjunction occurs when
homologous chromosome pairs do not separate to
opposite poles; instead, one entire pair is pulled toward
the same pole together. In anaphase II, nondisjunction
occurs when sister chromatids do not separate to opposite
poles; instead, both sister chromatids are pulled toward
the same pole together. As a result, nondisjunction
produces gametes that have either too few or too many
chromosomes. When one chromosome is lost due to
nondisjunction, it is called monosomy. In this case, the
gamete is missing one chromosome of a homologous pair.
Nondisjunction can also result in trisomy—the gain of an
extra chromosome. 

Investigation 16.C: Modelling to 
Compare Mitosis and Meiosis

Student Textbook page 568

Purpose
Students will design a model to simulate and compare
behaviours of chromosomes that are undergoing mitosis and
meiosis.

Outcomes
30–C1.2s 

When to Begin What to Do

1 –2 weeks before ■ Book computer and/or
library resources for
student research.

1 day before Photocopy BLM 16.3.12 (HAND)
Thought Lab 16.1:
Nondisjunction Syndromes.
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Advance Preparation

Time Required
■ 30 minutes for brainstorming and planning
■ 1 to 2 hours for building their models and developing their

presentations
■ 1 hour for presentation of models

Helpful Tips 
■ Use 16.3.13 (HAND) Investigation 16.C: Modelling to

Compare Mitosis and Meiosis to support this activity.
Remove sections as appropriate to meet the needs of the
students in your class. The answers can be found on
16.3.13A (ANS) Investigation 16.C: Modelling to
Compare Mitosis and Meiosis Answer Key.

■ You may also choose to photocopy and distribute 
BLM 16.3.4 (OH) Comparing Meiosis and Mitosis.
This BLM provides students with side-by-side diagrams of
both processes.

■ A few days in advance, provide 30 minutes or so at the end
of a class to group students and to give them time to
brainstorm what they will use to make their models. This
will give them time to gather the materials, if required.

■ Consider having students develop a storyboard as part of
their planning process.  This will force them to think
everything through before they start constructing their
model.

■ Make sure that you establish firm timelines for the project
and presentation to reduce the chances of students wasting
valuable class time.

■ Provide students with your evaluation tool (rubric) prior to
starting this activity.

Safety Precautions
Discuss safety precautions with each group based on the
model that they are going to use to compare meiosis and
mitosis.

Answers to Evaluate and Communicate
Questions

1. Accept any well-presented answers that gauge the
effectiveness of students’ models and presentations.

2. Effective models are well thought out (planned), meet all
of the design specifications, and accurately depict mitosis
and meiosis.

3. Accept any answer that clearly indicates and provides an
explanation for the proposed changes.

4. Meiosis is well suited to the production of gametes
because it reduces the chromosome number in half
(haploid) and provides the opportunity to increase genetic
variation (via crossing over and independent assortment)
in the species. Meiosis is not suited to the purposes of the
cell cycle for similar reasons. Because of the reduction
division that occurs in meiosis, the daughter cells are no
longer identical to the parent cell, a requirement of the
cell cycle. Similarly, crossing over and independent
assortment lead to genetic variation, which is not desired
in the cell cycle. Mitosis is better suited to the cell cycle
because daughter cells are identical to parent cells—each
has an exact replica of the parent cell’s genetic material.
Thus mitosis creates an identical cell that can continue
through the cell cycle to produce more identical cells,
unlike meiosis, where genetic reduction and variation
would result in cells that differ from the parent cell and
would eventually bring the cell cycle to a halt. 

Assessment Options
■ Assess students’ presentations.
■ Collect and assess students’ answers to Evaluate and

Communicate questions.
■ To assess group work, use Assessment Checklist 3

Performance Task Self-Assessment and/or Assessment
Checklist 4 Performance Task Group Assessment. (See
Appendix A.)

Answers to Questions for Comprehension
Student Textbook page 570

Q27. Key similarities between spermatogenesis and oogenesis
are as follows: both processes begin with a diploid germ
cell; both result in haploid gametes; both under go
meiosis I and II. Key differences include the following:
oogenesis occurs in females, while spermatogenesis
occurs in males; oogenesis begins before puberty (cells
are arrested at prophase I) while spermatogenesis begins
at puberty; oogenesis is arrested twice, once at prophase I
and once at metaphase II, while spermatogenesis is not;

Materials

As per student design.

When to Begin What to Do

Several days before ■ Have students brainstorm
to come up with the
materials they will need to
complete their model.

1 day before ■ Photocopy BLM 16.3.13
(HAND) Investigation 16.C:
Modelling to Compare
Mitosis and Meiosis. 

■ Photocopy BLM 16.3.4 (OH)
Comparing Meiosis and
Mitosis, if using.
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oogenesis results in the formation of polar bodies due to
asymmetrical cytokinesis, while spermatogenesis does
not; oogenesis results in one viable gamete, while
spermatogenesis results in four.

Q28. The unequal division of cytoplasm means that only one
egg cell is produced from the division of the secondary
oocyte. This egg cell, however, contains a large quantity
of nutrients that the zygote requires prior to
implantation, thus helping to ensure the health of the
zygote.

Q29. In humans, spermatogenesis continues from puberty until
old age. This process differs from oogenesis where, in
human females, more than a decade separates the events of
meiosis I and II. In oogenesis, the primary oocytes begin
meiosis I before birth, but cell division stalls in prophase I.
The cells remain in this suspended state until puberty. At
puberty, a hormone signal triggers a single primary oocyte
to resume meiosis and the primary oocyte completes
meiosis I. The secondary oocyte that results only
completes a second meiotic division if it comes into
contact with a sperm cell and fertilization occurs. The
timing of oogenesis and spermatogenesis are specific to
their functions as follows: the timing of oogenesis allows
female gamets to undergo an extended period of growth,
which is necessary to accumulate resources for early
embryonic stages of development. Male gamets do not
require the extended growth phase and can be produced
continually.

Student Textbook page 571

Q30. While most women release only a single secondary
oocyte at each ovulation, occasionally more than one
secondary oocyte may be released. If both of these
oocytes are fertilized and successfully implant in the
uterus, fraternal twins may be born. On the other hand,
if a single zygote or blastocyst divides into two separate
bodies in the first few days of embryonic development,
identical twins may be born. 

Figure 16.18
Student Textbook page 571

Students may suggest that scientists could apply their
understanding of meiosis when studying human genetic birth
defects such as Down syndrome. They could also use it to
investigate new birth control methods.

Section 16.3 Review Answers
Student Textbook page 572

1. The process of meiosis produces haploid gametes from
diploid parent cells as is necessary for sexual reproduction.
Meiosis also contributes to genetic variation by producing
many genetically different gametes. Variation in gametes
results from crossing over, in which non-sister chromatids

exchange chromosome sections during prophase I. Also in
metaphase I, homologous chromosomes assort
independently, which allows for different combinations of
parental chromosomes in the gametes. 

2. Meiosis occurs in spermatogonial cells in the testes in
males, and in the oogonial cells in the ovaries of females. 

3. At the end of meiosis II, four haploid cells have been
formed from the original parent cell. 

4. Assuming that no crossing over occurs, a diploid organism
with four pairs of chromosomes can produce 24 (16)
genetically distinct gametes. 

5. In prophase I of meiosis, the chromosomes exchange
portions of the non-sister chromatids in the process
known as crossing over, as shown in the image. Crossing
over is significant because it results in the production of
many genetically different gametes by an organism, which
contributes to genetic variation in the species.

6. (a) Nondisjunction occurs when chromosomes or
chromatids do not separate and move to the poles of
the cell in anaphase of meiosis I or II. This results in
gametes with an extra chromosome or a missing
chromosome. Crossing over is a process that occurs
during prophase I of meiosis, in which chromosomes
exchange of portions of non-sister chromatids.

(b) A primary oocyte is the first functional egg cell
formed by mitosis from oogonial cells in the ovaries.
The primary oocyte then undergoes meiosis I to
produce a secondary oocyte, the second functional
egg cell. The secondary oocyte fully completes meiosis
II upon fertilization.

(c) Spermatids are four haploid cells formed after meiosis
II in spermatogenesis. The spermatids differentiate
into sperm cells by passing through a series of
developmental stages. The nucleus and certain
enzymes are organized into a “head” region. The
midsection holds many mitochondria that provide
energy for the sperm. A long tail-like flagellum
provides locomotion. 

(d) Oocytes are functional egg cells that are formed via
mitosis and meiosis in oogenesis. During these
divisions, other egg cells are formed, known as polar
bodies, which have much less cytoplasm than the
oocytes. This occurs because the division of the
cytoplasm between the oocyte and the polar body is
unequal (known as asymmetrical cytokinesis). The
oocyte requires nutrients found in the cytoplasm to
sustain it following fertilization and during its long
journey in the Fallopian tube to the uterus, where it
again receives nutrients. Polar bodies are non-
functional and soon degenerate.

7. (a) metaphase (mitosis): In metaphase of mitosis, 23 pairs
of homologous chromosomes occur as linked sister
chromatids (92 chromatids in total). (Note: Of these
23 pairs of chromosomes, males actually have two
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nonhomologous sex chromosomes, the X
chromosome and the Y chromosome.)

(b) metaphase I (meiosis): In metaphase I of meiosis,
twenty-three pairs of  homologous chromosomes are
arranged in pairs. Each homologous chromosome
contains 2 linked sister chromatids, and is part of a
tetrad of four chromatids. 

(c) metaphase II (meiosis): In metaphase II of meiosis,
each cell contains twenty-three  chromosomes, one
member of the earlier homologous chromosome pairs.
Each chromosome consists of a pair of linked sister
chromatids. 

8. No, identical twins cannot be different sexes. Identical
twins are born if a single zygote, during its first two weeks
of embryonic development, divides into two separate
bodies.  Because the sex of the zygote is already
determined upon fertilization, each twin must be the
same sex.

9. In metaphase I of meiosis, the chromosome tetrads align
at the cell equator. The feature of this alignment that
contributes to genetic diversity is independent assortment.

10. A drawing or descriptive answer should reflect
understanding that nondisjunction occurs in either
anaphase I or anaphase II, in which an X chromosome
fails to move to the pole of the cell, resulting in an oocyte
or spermatid without an X chromosome.

16.4 Reproductive Strategies
Student Textbook pages 573-580

Section Outcomes
Students will:
■ describe the diversity of reproductive strategies among

living organisms
■ evaluate the advantages and disadvantages of sexual and

asexual reproduction
■ research and present information about contrasting

reproductive strategies
■ assess how research on plant and animal reproduction has

affected the development of new reproductive technologies

Key Terms
asexual reproduction
sexual reproduction
binary fission
conjugation
pilus
budding
vegetative reproduction
fragmentation
parthenogenesis
spore
alternation of generations

sporophyte
gametophyte

Biology Background
■ Bacteria generally reproduce asexually. However, to increase

diversity and share the gene pool, they can also transfer
genetic material from one bacterium to another via
conjugation. The ability to perform this transfer is
conferred by a set of genes, which are called F, or fertility,
genes. These genes can exist on a small, circular piece of
DNA (called an F-plasmid) that replicates independently
from the bacterial chromosome, or they can be integrated
into the chromosome. The bacterium containing this gene
(often parochially called the “male” bacterium) extends a
bridging structure (called a pilus) to a neighbouring
bacterium. The two cells then are drawn together, and the
pilus forms a channel through which DNA is transferred.
The receiving bacterium then divides during binary fission.
Some eukaryotes, such as certain fungi and algae, also
reproduce via conjugation. Plasmid conjugation is a
relatively rare event. Nobel Prize-winning scientist Joshua
Lederberg discovered the process in 1945 when
experimenting with mutant strains of E.coli.

Teaching Strategies 
■ This section provides an overview of a number of

reproductive strategies. Use BLM 16.4.1 (OH) Binary
Fission in Bacterial Cell, BLM 16.4.2 (OH) The Life
Cycle of a Fern, BLM 16.4.3 (OH) The Life Cycle of
Moss, BLM 16.4.4 (OH) The Life Cycle of a Conifer,
and BLM 16.4.5 (OH) The Cnidarian Life Cycle to
support your presentations on these subjects. You may also
want to use these BLMs as handouts and allow the
students to take notes directly on the worksheets while you
discuss the different concepts in this section. BLM 16.4.7
(HAND) Comparing Life Cycles Exercise provides
students with further practice in differentiating between
these life cycles.

■ In BLM 16.4.6 (HAND) Create an Organism Exercise,
students are asked to create an organism, giving
consideration to life cycle and reproductive processes. This
BLM can work well as both an individual or group
exercise.

Answers to Questions for Comprehension
Student Textbook page 573

Q31. Asexual reproduction is a reproductive process in which
a parent organism produces genetically identical
offspring. Sexual reproduction involves the production of
gametes by meiosis, followed by fertilization between
genetically distinct parental gametes to produce
genetically distinct offspring.
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Student Textbook page 574

Q32. Prokaryotes, such as bacteria, have a single, circular
chromosome and no nucleus. They reproduce asexually
by replicating the DNA and then distributing one
complete copy of the DNA into each of two daughter
cells. There are no spindle fibres or centrioles, as in
eukaryotic cells, that divide the nucleus by mitosis, nor is
there a nuclear envelope.

Q33. Conjugation is the transfer of genetic material from one
cell to another by cell-to-cell contact through a bridging
structure (pilus). This results in a single cell with new
genetic material.  Neither meiosis, nor gamete formation
occurs. In sexual reproduction, haploid gametes that
contain half the genetic material of the diploid organism
are formed by meiosis. Gametes unite in the process of
fertilization and form a new diploid organism that is
genetically unique.

Student Textbook page 575

Q34. Plants can reproduce asexually via vegetative
reproduction. In this process, a new plant develops at the
end of a leaf, stem, or root of the parent plant. Another
form of asexual reproduction is called fragmentation.
During this process a new plant develops from a
fragment (portion) of a parent plant, such as a single
leaf, tuber, or a cutting from the parent plant. Both of
these methods result in a new plant that is genetically
identical to its parent.

Q35. Parthenogenesis is considered to be a form of asexual
reproduction because the egg is not fertilized by the male
gamete. As such, it is the sole source of genetic material
for the creation of an embryo. The resulting offspring is
genetically identical to the parent.

Q36. A spore is a structure that contains genetic material and
cytoplasm surrounded by a protective sheath or wall. The
wall protects the contents until conditions are
favourable, at which point the spore wall opens and the
organism begins to develop. Because spores tend to be
very small, they are readily dispersed in water and by the
wind. Spores may be haploid or diploid, and not all
spores are the product of asexual reproduction. While
some organisms produce spores by mitosis, others
produce spores by meiosis.

Biology File: Web Link
Student Textbook page 575

This web link provides students with an opportunity to learn
about current scientific research in a field they have just
learned about. Students will likely discover that
parthenogenesis is being studied as a way to stimulate oocytes
to produce embryonic-like stem cells that could be used in the
future to treat any number of diseases and disorders. The
ultimate goal is to harvest human embryonic stem cells
without fertilized eggs or cloned embryos, which are the two

most popular and controversial methods of doing such
research.

Answers to Questions for Comprehension
Student Textbook page 577

Q37. The life cycle of plants consists of a haploid generation
and a diploid generation that alternate. This is called the
alternation of generations. Strictly speaking, the term
“alternation of generations” refers to this alternation of
diploid and haploid generations. This reproductive
strategy is found only in plants. Some animal life cycles,
however, alternate between asexually-reproducing and
sexually-reproducing phases in a process called the
“alternation of reproductive cycles.”

Thought Lab 16.2: Comparing 
Reproductive Strategies

Student Textbook page 579

Purpose
The purpose of this activity is to use a table or graphic
organizer to research, analyze, and communicate the
advantages and disadvantages of two different reproductive
strategies.

Outcomes
■ 30–C1.2s

Advance Preparation

Time Required
■ 1 hour to do research
■ 1 hour to construct a table or concept organizer and

present findings to class

Helpful Tips
■ Use BLM 16.4.8 (HAND) Thought Lab 16.2:

Comparing Reproductive Strategies to support this
activity. Remove sections as appropriate to meet the needs
of the students in your class. The answers can be found on
BLM 16.4.8A (ANS) Thought Lab 16.2: Comparing
Reproductive Strategies Answer Key.

When to Begin What to Do

1-2 weeks before ■ Book computer and/or
library resources for
student research.

1 day before ■ Photocopy BLM 16.4.8
(HAND) Thought Lab 16.2:
Comparing Reproductive
Strategies.
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