
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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■ Mitosis: The division of the cell nucleus and its genetic
material.

■ Cytokinesis: The division of the cytoplasm and the
organelles into two daughter cells.

4. (a) Haploid cells have one set of unpaired chromosomes.
Diploid cells have one set of paired homologous
chromosomes.

(b) Chromatin is the diffuse DNA and associated
proteins the exits in interphase. A chromosome is the
highly coiled and condensed chromatin that is visible
during mitosis.

(c) The XX chromosomes are the homologous
chromosomes found in female organisms. The X and
Y chromosome are nonhomologous chromosomes
found in male organisms. 

5. Each chromosome of a homologous pair has: 1. the same
length and size, 2. the same banding pattern when
stained, and 3. the same genes at the same loci, although
alleles differ.

6. The chromatin is replicated during the S (synthesis) phase
of the cell cycle to create two identical chromosomes.

7. A human cell with an X and Y chromosome came from a
male because the Y chromosome is the human male sex
chromosome. The cell is somatic because it has 22 pairs of
autosomes. It is diploid because it has 46 chromosomes
(22 homologous pairs and an X and Y chromosome).

16.2 The Reproduction of Somatic Cells
Student Textbook pages 556-561

Section Outcomes
Students will:
■ identify the phases of mitosis and describe their

significance
■ assess the similarities and differences between mitosis in

plant cells and mitosis in animal cells
■ calculate the duration of individual phases of the cell cycle

Key Terms
prophase
centrioles
spindle apparatus
metaphase
anaphase
telophase
cell plate
cancer

Biology Background
■ Cell division and apoptosis (preprogrammed cell death) are

two opposing processes that keep the number of healthy
cells in balance. This balance is critical to life and is

normally tightly regulated. Generally speaking, in cancer,
either proto-oncogenes (genes promoting cell growth),
tumour suppressor genes (genes regulating apoptosis or
anti-proliferation factors), or genes that regulate these
genes become mutated and fail to regulate these functions.
The result is out-of-control cell growth, resulting in a
tumour. Tumours resulting from a mutation in tumour
suppressor genes tend to a have a poor prognosis, as cell
damage instigated by cancer therapy fails to result in the
intended apoptosis of the cancer cells. In addition to
avoiding programmed cell death, malignant tumours also
tend to have an amplified rate of cell division, produce
their own growth factors, are able to metastasize (invade
nearby tissues), show limited differentiation, have no
contact inhibition, and exhibit angiogenesis (the ability to
create blood vessels to ensure their own blood supply).

Teaching Strategies
■ You may wish to introduce this chapter by discussing

cancer, as most students know of someone who has cancer,
or who has died as a result of cancer. This may be a
sensitive topic for some students. Explain to students that
cancer is the result of uncontrolled cell division (mitosis).
One out of three North Americans will develop cancer. Of
those, one out of four males and one out of three females
will die of cancer. Fossil evidence indicates that cancer has
been killing plants and animals for millions of years. 

■ Use BLM 16.2.1 (OH) The Phases of Mitosis to help
teach the steps of mitosis, and BLM 16.2.3 (OH) Mitosis
in Animal Cells and BLM 16.2.4 (OH) Mitosis in Plant
Cells to highlight the differences that occur during mitosis
in plant and animal cells. These overhead transparencies
can also be converted into digital images, or you may want
to photocopy and distribute these BLMs as a handout and
allow the students to take notes directly on the figure while
you discuss the events that occur during each phase of
mitosis. 

■ BLM 16.2.2 (HAND) The Phases of Mitosis Exercise
can be assigned to students to provide a review of mitosis
or may be given as an in class quiz.

■ The Biology File: Try This on page 558 provides an
excellent way to get students thinking about why each of
the steps that occur in mitosis is essential for the efficient
division of cells.

■ BLM 16.2.5 (OH) Distinguishing Between Various
Forms of Genetic Material helps students understand the
differences between chromatin, chromatids, and
chromosomes, terms that often confuse students. Use this
BLM as an overhead as part of a class discussion or
photocopy and provide to students as a reference to keep
with their notes.

■ Check with your local media distribution outlet to see if
they have any videos that discuss mitosis. It is usually helpful
for students to visualize these events in real time rather than
to simply look at the illustrations in a textbook. If possible,
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