
BIOLOGY 111

 CHAPTER 5: Chromosomes and Inheritance



Chromosomes and Inheritance
Learning Outcomes

5.1 Differentiate between sexual and asexual reproduction in terms of the genetic variation of the 

offspring. (Module 5.1)

5.2 Describe the basic structure and function of chromosomes. (Modules 5.2, 5.6)

5.3 Outline the events of each phase of the cell cycle, from interphase to cytokinesis (Modules 5.3–5.5)

5.4 Outline the process of gamete production, differentiating between the events of meiosis I and 

meiosis II, and relate these processes to the creation of genetic variation during sexual reproduction. 
(Modules 5.7, 5.9, 5.16)

5.5 Compare and contrast mitosis and meiosis. (Module 5.8)



Cell division provides for reproduction, growth, and repair.:
Cell division

5.1) Cell division provides for reproduction, growth, and repair.

CORE IDEA: Cell division—the formation of cells from preexisting cells—underlies many important 

biological processes, including the formation of gametes, the development of an adult from an 

embryo, the growth and repair of body tissues, and asexual reproduction.

A. Cell division

B. Sexual reproduction

C. Asexual reproduction



A. Cell division

1. Cell theory states:

a. That all life is cellular (made of cells)

b. That all cells arise from preexisting cells

2. Cell division is the ability of cells to generate more cells.

3. When a somatic (body) cell undergoes cell division, two genetically identical

offspring cells are produced.

4. Cell division is key to both sexual and asexual reproduction.

Cell division provides for reproduction, growth, and repair.:
Cell division



B. Sexual reproduction (process)

Cell division provides for reproduction, growth, and repair.:
Sexual reproduction

B. Sexual reproduction (process)

1. Sexual reproduction is the formation of genetically unique offspring

• Sperm fertilizes an egg, creating a zygote – this is the first cell that will 

eventually form an adult organism

• The union of sperm and egg creates a genetically unique individual



C. Asexual reproduction

1. Asexual reproduction is the creation of new individuals by a lone parent 

without participation of sperm and egg.

a. These offspring are genetically identical to each other and the lone parent.

• Genetically identical offspring are called Clones

Cell division provides for reproduction, growth, and repair.:
Asexual reproduction



C. Asexual reproduction

2. Binary fission: An organism’s single cell divides into 2 new cells, creating 2 

genetically identical offspring.

a. Examples—Amoeba proteus, all bacteria

Cell division provides for reproduction, growth, and repair.:
Asexual reproduction



C. Asexual reproduction

3. Plant reproduction: Many plants can reproduce asexually using sprouting or 

sending out runners.

• Runners are like small roots that generate new plants

Cell division provides for reproduction, growth, and repair.:
Asexual reproduction

a. Examples—strawberry runners, a cutting from an 

African violet



5.2) Chromosomes are associations of DNA and proteins.

CORE IDEA: Every eukaryotic cell contains chromosomes in the nucleus. Each chromosome consists 

of one long piece of DNA associated with proteins that help to compact and organize it. Together, DNA 

and protein form chromatin.

A. All life on Earth uses DNA as the genetic material.

B. Chromosome number

C. Chromosome structure

Chromosomes are associations of DNA and proteins:
Life on Earth uses DNA as the genetic material



A. All life on Earth uses DNA as the genetic material.

1. Genes are units of inheritance that code for proteins. They are found on chromosomes

2. Chromosomes are DNA organized into condensed structures in the nucleus.

• Chromosomes may contain a thousand or more genes

Chromosomes are associations of DNA and proteins:
Life on Earth uses DNA as the genetic material



➢ How does the information in genes get out of the nucleus?

➢ They are transcribed into mRNA

▪ mRNA is a copy of a gene



B. Chromosome number

1. Chromosomes are found in the nucleus.

Chromosomes are associations of DNA and proteins:
Chromosome number



B. Chromosome number

1. Chromosomes are found in the nucleus.

2. Different species have different numbers of chromosomes.

Chromosomes are associations of DNA and proteins:
Chromosome number

• The number of chromosomes does not necessarily 

correspond to the size or complexity of the organism.

• Every somatic (nonreproductive) cell in an organism’s 

body has the same number of chromosomes.

• All human body cells contain 46 (2x23) chromosomes.

➢ One set of 23 comes from the mother

➢ One set of 23 comes from the father



B. Chromosome number

6. The chromosomes of members of the same species are nearly identical.

7. DNA from two humans is 99.5% identical.

Chromosomes are associations of DNA and proteins:
Chromosome number



C. Chromosome structure

1. Each chromosome is one long strand of DNA, with thousands of genes, and associated 

proteins.

Chromosomes are associations of DNA and proteins:
Chromosome structure



C. Chromosome structure

1. Each chromosome is one long strand of DNA, with thousands of genes, and associated 

proteins.

Chromosomes are associations of DNA and proteins:
Chromosome structure

2. Chromatin = DNA wrapped around proteins called histones

3. Most of the time, the DNA is unwound as thin chromatin fibers.



C. Chromosome structure

1. Each chromosome is one long strand of DNA, with thousands of genes, and associated 

proteins.

Chromosomes are associations of DNA and proteins:
Chromosome structure

2. Chromatin = DNA wrapped around proteins called histones

3. Most of the time, the DNA is unwound as thin chromatin fibers. 



C. Chromosome structure

1. Each chromosome is one long strand of DNA, with thousands of genes, and associated 

proteins.

Chromosomes are associations of DNA and proteins:
Chromosome structure

2. Chromatin = DNA + protein

3. Most of the time, the DNA is unwound as thin chromatin fibers.

4. As a cell prepares to divide, it duplicates its chromosomes 

and then compacts them into sister chromatids

a. Sister chromatids are exact chromosome copies.

5. Sister chromatids are attached at the centromere.

6. During cell division, the two sister chromatids separate into 

the two new cells



5.3) Cells have regular cycles of growth and division.

CORE IDEA: The cell cycle is an ordered sequence of events that leads from the creation of a cell to 

the division of that cell. The cell cycle can be divided into two broad phases: interphase (during which 

the cell grows, duplicates its chromosomes, and prepares for division) and the mitotic phase (which 

includes mitosis and cytokinesis).

A. Cell cycle

B. Interphase

C. Mitotic phase

Cells have regular cycles of growth and division:
Cell cycle



A. Cell cycle

1. The “lifetime” of a cell is from its formation to its separation into two new cells.

2. Two broad stages:

Cells have regular cycles of growth and division:
Cell cycle

• Interphase: Cell performs normal 

functions and duplicates its 

chromosomes.

• Mitotic phase (M Phase): Cell divides 

the nucleus and separates 

chromosomes into what will become 

two new cells. INTERPHASE

Mitotic 

Phase



A. Cell cycle

1. The “lifetime” of a cell is from its formation to its separation into two new cells.

2. Two other parts:

Cells have regular cycles of growth and division:
Cell cycle

• A stage called, Cytokinesis, is when 

the cell finally separates into two 

new cells (part of M-phase)

• A stage called G0 is when a cell will 

no longer divide or make new cells

▪ These cells have left the cell cycle and 

cannot ever return

▪ One exception is for cells of the liver



B. Interphase

Ninety percent (90%) of the cell cycle is spent in interphase.

Cells have regular cycles of growth and division:
Interphase

• Interphase consists of G1, S and G2 steps:

▪ In G1 phase, the cell performs normal 

functions

▪ In S phase a cell prepares to divide, and 

duplicates its chromosomes and organelles

✓ It is during this phase that Sister Chromatids 

are made

G1
S



B. Interphase

Ninety percent (90%) of the cell cycle is spent in interphase.

Cells have regular cycles of growth and division:
Interphase

• Interphase consists of G1, S and G2 steps:

▪ In G1 phase, the cell performs normal 

functions

▪ In S phase a cell prepares to divide, and 

duplicates its chromosomes and organelles

✓ It is during this phase that Sister Chromatids 

are made

✓ Sister chromatids are identical copies of each 

chromosome – they are joined at the 

centromere



B. Interphase

Ninety percent (90%) of the cell cycle is spent in interphase.

Cells have regular cycles of growth and division:
Interphase

• Interphase consists of G1, S and G2 steps:

▪ During Mitosis, these Sister Chromatids will 

be separated - each will end up in a different 

cell



B. Interphase

Ninety percent (90%) of the cell cycle is spent in interphase.

Cells have regular cycles of growth and division:
Interphase

• Interphase consists of G1, S and G2 steps:

▪ In G2 phase, the cell prepares for M-phase, 

which in most cells is mitosis

G1

G2

S



D. Mitotic phase (M-phase)

1. Two overlapping stages

Cells have regular cycles of growth and division:
Mitotic phase

2. Mitosis: Duplicated chromosomes are 

evenly separated into 2 groups

(Sister Chromatids are separated)

3. Cytokinesis: Cytoplasm is divided and 

distributed. (part of M-phase)

a. The result is two genetically identical 

offspring

b. Half the chromosomes end up in one cell, 

and half in the other cell

MITOSIS

CYTOKINESIS



During mitosis, sister chromatids are separated:
Mitosis is division of the nucleus into two offspring nuclei

5.4) During mitosis, sister chromatids are separated

CORE IDEA: Mitosis, the division of the nucleus, proceeds through a series of stages that organize 

and divide the duplicated chromosomes: The chromosomes condense, line up at the center of the 

cell, split into two groups, and then are uncondensed.

A. Mitosis is a 4 step process that separates sister chromatids

B. Prophase: Sister chromatids condense, nucleus dissolves, Spindle forms

C. Metaphase: Sister chromatids align in center of cell

D. Anaphase: Sister chromatids are separated

E. Telophase: Chromosomes unpack, nuclei reform, Spindle dissolves



A. Mitosis is a 4 step process that separates sister chromatids

• Mitosis separates and sorts sister chromatids that were duplicated during the 

S phase of Interphase

• Each half of a sister chromatid will end up in one of the two new cells

➢ Movement of chromosomes is done by the Mitotic Spindle 

o The Mitotic Spindle is a collection of microtubules (cytoskeletal fibers)

o The fibers push and pull sister chromatids into place

During mitosis, sister chromatids are separated:
Mitosis is division of the nucleus into two offspring nuclei



A. Mitosis is a 4 step process that separates and allocates sister chromatids

During mitosis, sister chromatids are separated:
Mitosis is division of the nucleus into two offspring nuclei

• 4 Steps of Mitosis:

1) Prophase

2) Metaphase

3) Anaphase

4) Telophase



B. Prophase: Sister chromatids condense, nucleus dissolves, Spindle forms

1. Sister chromatids become compacted and are visible under light microscope

2. Nuclear membrane dissolves to allow chromosomes to be sorted and moved

3. Microtubules assemble into the Mitotic Spindle

During mitosis, sister chromatids are separated:
Chromosomes condense; begin mitosis; prophase



B. Metaphase: Sister chromatids align in center of cell

1. Spindle attaches to sister chromatids

2. Sister chromatids are positioned in middle of the cell

• All 46 chromosomes line up in the middle

• There is no specific order, the positions are random

• Sister chromatids will be separated in the next step

During mitosis, sister chromatids are separated:
Chromosomes condense; begin mitosis; prophase



B. Anaphase: Sister chromatids are separated

o Sister chromatids separated at the centromere

• Separation is done by forces from the spindle

• Half of each sister chromatid goes to opposite sides of the cell

During mitosis, sister chromatids are separated:
Chromosomes condense; begin mitosis; prophase



B. Anaphase: Sister chromatids are separated

o Sister chromatids separated at the centromere

• Separation is done by forces from the spindle

• Half of each sister chromatid goes to opposite sides of the cell

During mitosis, sister chromatids are separated:
Chromosomes condense; begin mitosis; prophase



B. Telophase: Chromosomes unpack, nuclei reform, Spindle dissolves

• Chromosomes spread throughout the nucleus, loose compacted form

• Nuclear membranes form around each new group of chromosomes

• Spindle breaks down

During mitosis, sister chromatids are separated:
Chromosomes condense; begin mitosis; prophase



5.5) During cytokinesis, the cell is split in two.

CORE IDEA: Cytokinesis, the division of the cytoplasm, is the last step in the cell cycle. In animal 

cells, cytokinesis proceeds via formation of a cleavage furrow. In plant cells, it proceeds via formation 

of a cell plate.

A. Cytokinesis is the distribution of cytoplasm into two offspring cells.

B. Animal cell

During cytokinesis, the cell is split in two:
Cytokinesis is the distribution of cytoplasm into two offspring cells



A. Cytokinesis is the distribution of cytoplasm into two offspring cells.

• All organelles were duplicated during S-phase of Interphase

• These are now divided (along with chromosomes) into two new daughter cells

During cytokinesis, the cell is split in two:
Cytokinesis is the distribution of cytoplasm into two offspring cells



A. Review of the 4 steps of Mitosis

During mitosis, sister chromatids are separated:
Mitosis is division of the nucleus into two offspring nuclei

• 4 Steps of Mitosis:

1) Prophase

2) Metaphase

3) Anaphase

4) Telophase



During mitosis, sister chromatids are separated:
Mitosis is division of the nucleus into two offspring nuclei

5.4) During mitosis, sister chromatids are separated

Mitosis is a 4 step process that separates sister chromatids

• Prophase: Sister chromatids condense, nucleus dissolves, Spindle forms

• Metaphase: Sister chromatids align in center of cell

• Anaphase: Sister chromatids are separated

• Telophase: Chromosomes unpack, nuclei reform, Spindle dissolves



Gametes have half as many chromosomes as body cells:
Sexual reproduction 

5.6) Gametes have half as many chromosomes as body cells.

CORE IDEA: The human life cycle involves fertilization (the fusion of haploid gametes to produce a 

diploid zygote), growth and development via cell division, and then production of gametes in the 

gonads. All human somatic cells have 46 chromosomes organized as 23 homologous pairs of 

chromosomes.

A. Sexual reproduction 

B. An inventory of chromosomes

C. Pairs of homologous chromosomes

D. Sex chromosomes



A. Sexual reproduction 

1. Sexual reproduction is the process that results from the fusion of gametes

(sperm and egg).

2. Key step in the life cycle of multicellular organisms

a. Stages leading from the adults of one generation to the adults of the next

3. Your 46 chromosomes were originally obtained with 23 chromosomes from 

your mother’s egg cell and 23 chromosomes from your father’s sperm cell to 

form the zygote, your original single cell.

• Organisms that have 2 sets of their chromosomes are called diploid

Gametes have half as many chromosomes as body cells:
Sexual reproduction 



B. Sexual reproduction (process)

Cell division provides for reproduction, growth, and repair.:
Sexual reproduction

B. Sexual reproduction (process)

QUESTION:

• What would happen if both the 

egg and sperm were diploid?

This means that somehow, we must 

get rid of one set of chromosomes 

for eggs and sperm!

Diploid  Haploid



B. Sexual reproduction (process)

Cell division provides for reproduction, growth, and repair.:
Sexual reproduction

B. Sexual reproduction (process)

1. Sexual reproduction is the formation of genetically unique offspring.



B. Sexual reproduction (process)

1. Sexual reproduction is the formation of genetically unique offspring.

Cell division provides for reproduction, growth, and repair.:
Sexual reproduction

2. It begins with fertilization, the joining of egg and 

sperm, to form the zygote.

• Egg and sperm are called gametes – they only have one 

set (n) of 23 chromosomes

✓ Cells with only one set of chromosomes (n) are called 

haploid – only gametes are haploid

✓ Cells with two sets of chromosomes (2n) are called diploid

3. During fertilization, 2 haploid gametes join to 

form a diploid zygote

Haploid (n)

Haploid (n)

Diploid (2n)

The zygote has 2 sets 

of 23 chromosomes –

One set from mom 

and one set from dad



B. Sexual reproduction (process)

1. Sexual reproduction is the formation of genetically unique offspring.

Cell division provides for reproduction, growth, and repair.:
Sexual reproduction

2. It begins with fertilization, the joining of egg and 

sperm, to form the zygote.

a. Zygote: Half of the chromosomes come from 

the father, and half from the mother.

b. Gametes: Egg and sperm form in the 

gonads (ovaries and testes).



B. Sexual reproduction (process)

1. Sexual reproduction is the formation of genetically unique offspring.

Cell division provides for reproduction, growth, and repair.:
Sexual reproduction

2. It begins with fertilization, the joining of egg and 

sperm, to form the zygote.

a. Zygote: Half of the chromosomes come from 

the father, and half from the mother.

b. Gametes: Egg and sperm form in the 

gonads (ovaries and testes).

3. Development: Embryo grows and develops 

through many rounds of cell division.



B. Sexual reproduction (process)

1. Sexual reproduction is the formation of genetically unique offspring.

Cell division provides for reproduction, growth, and repair.:
Sexual reproduction

2. It begins with fertilization, the joining of egg and 

sperm, to form the zygote.

a. Zygote: Half of the chromosomes come from 

the father, and half from the mother.

b. Gametes: Egg and sperm form in the 

gonads (ovaries and testes).

3. Development: Embryo grows and develops 

through many rounds of cell division. (Mitosis)



B. Sexual reproduction (process)

1. Sexual reproduction is the formation of genetically unique offspring.

Cell division provides for reproduction, growth, and repair.:
Sexual reproduction

2. It begins with fertilization, the joining of egg and 

sperm, to form the zygote.

a. Zygote: Half of the chromosomes come from 

the father, and half from the mother.

b. Gametes: Egg and sperm form in the 

gonads (ovaries and testes).

3. Development: Embryo grows and develops 

through many rounds of cell division

4. Growth and repair



B. Sexual reproduction (process)

➢ Human reproduction and development involve both Mitosis and Meiosis

Cell division provides for reproduction, growth, and repair.:
Sexual reproduction

• Cell division to make gametes occurs 

through Meiosis

✓ Meiosis creates cells that are haploid and 

genetically unique

• Cell division for development, growth and 

repair occur through Mitosis

✓ Mitosis creates cells that are diploid and 

genetically identical



C. An inventory of chromosomes

1. Karyotype is a photographic inventory of 

the chromosomes in one person’s cells.

Gametes have half as many chromosomes as body cells:
An inventory of chromosomes



C. An inventory of chromosomes

1. Karyotype is a photographic inventory of 

the chromosomes in one person’s cells.

a. It is made by breaking open a cell, staining 

the chromosomes, taking a photograph with a 

microscope, and then arranging the 

chromosomes into matching pairs.

2. Karyotypes, are done during metaphase

when condensed sister chromatids are 

present

Gametes have half as many chromosomes as body cells:
An inventory of chromosomes



D. Pairs of Homologous Chromosomes

3. Two chromosomes in a matching pair are 

homologous chromosomes

a. Homologous chromosomes are each of the 2 

sets of 23 chromosomes 

• One set from mother, one set from father

b. They carry the same genes in the same place 

on the chromosome.

c. The versions of the genes may be the same 

or different.

• Different versions of genes are called 

alleles

Example: Your father may give you a gene for 

light eyes, and your mother may give you a 

gene for dark eyes

Gametes have half as many chromosomes as body cells:
Pairs of Homologous Chromosomes



D. Pairs of Homologous Chromosomes

3. Two chromosomes in a matching pair are 

homologous chromosomes

a. Homologous chromosomes are each of the 2 

sets of 23 chromosomes 

• One set from mother, one set from father

b. They carry the same genes in the same place 

on the chromosome.

c. The versions of the genes may be the same 

or different.

• Different versions of genes are called 

alleles

Example: Your father may give you a gene for 

light eyes, and your mother may give you a 

gene for dark eyes

Gametes have half as many chromosomes as body cells:
Pairs of Homologous Chromosomes



E. Sex chromosomes

1. In humans, two of the 46 chromosomes are sex chromosomes.

Gametes have half as many chromosomes as body cells:
Sex chromosomes

• In human females, the pair is XX.

• In human males, the pair is XY.



E. Sex chromosomes

1. In humans, two of the 46 chromosomes are sex chromosomes.

Gametes have half as many chromosomes as body cells:
Sex chromosomes

• In human females, the pair is XX.

• In human males, the pair is XY.

2. The other 44 (nonsex) chromosomes are 

called autosomes



Meiosis produces gametes:
Sexual reproduction

5.7) Meiosis produces gametes.

CORE IDEA: Meiosis is a type of cell division that produces haploid gametes from diploid body cells. 

One round of chromosome duplication is followed by two rounds of division. The result is four offspring 

cells, each with half the number of chromosomes as the starting cell.

A. Sexual reproduction

B. Meiosis

C. Phases of meiosis



A. Sexual reproduction

1. Sexual reproduction depends on meiosis

2. Meiosis is a type of cell division that produces gametes (sperm and egg) from 

cells in the gonads

3. Gametes produced by meiosis are haploid

a. They have half the number of chromosomes as diploid body cells

b. Cells in your liver, brain, or skin have 46 chromosomes—diploid

c. Gametes have (one set) 23 chromosomes

4. When gametes fuse during fertilization, the resulting zygote will have 46 

chromosomes

Meiosis produces gametes:
Sexual reproduction



B. Meiosis

1. Like mitosis, meiosis involves duplication of the chromosomes before division 

starts.

• This occurs during S-phase of Interphase

Meiosis produces gametes:
Meiosis

S

2. During meiosis, there are two rounds of 

chromosome separation (whereas mitosis 

has only one).

3. Chromosomes double, are divided in half, 

then are divided in half again.

4. The resulting 4 cells have half the number 

of chromosomes as the starting cells.



➢ What is it that is separated during Anaphase of Mitosis?

➢ Sister Chromatids!

▪ Sister Chromatids are identical 

copies of chromosomes



C. Phases of meiosis:

1. Interphase (not part of meiosis)

• Chromosomes are duplicated (sister chromatids)

2. Meiosis I—first round of meiosis

• Homologous chromosomes are separated

3. Meiosis II—second round of meiosis

• Sister chromatids are separated

• Meiosis II is just like mitosis

Meiosis produces gametes:
Phases of meiosis

G1

G2

SThere is not a separate phase for cytokinesis

in meiosis. It occurs twice (as part of 

Telophase 1 and Telophase 2)



✓ Meiosis I is very different from mitosis because homologous chromosomes are 

separated in Meiosis I

Meiosis produces gametes:
Phases of meiosis

G1

G2

S

• This means resulting gametes are haploid!

• Because homologous chromosomes are 

separated, gametes only have one set of 

chromosomes, not two



➢ Meiosis I—first round of meiosis

• Interphase: Sister chromatids are formed (not part of Meiosis)

Meiosis produces gametes:
Phases of meiosis



➢ Meiosis I—first round of meiosis

• Interphase: Sister chromatids are formed

• Prophase I: Nuclear membrane dissolves, Chromosomes condense, 

Spindle forms

Meiosis produces gametes:
Phases of meiosis



➢ Meiosis I—first round of meiosis

• Interphase: Sister chromatids are formed

• Prophase I: Nuclear membrane dissolves, Chromosomes condense, 

Spindle forms

• Metaphase I: Homologous chromosomes line up in center of cell

Meiosis produces gametes:
Phases of meiosis



➢ Meiosis I—first round of meiosis

• Anaphase I: Homologous chromosomes separate

Meiosis produces gametes:
Phases of meiosis



➢ Meiosis I—first round of meiosis

• Anaphase I: Homologous chromosomes separate

• Telophase I: Two nuclei reform, Spindles dissolve, Chromosomes unpack

✓ Cytokinesis is part of Telophase I (2 haploid cells form)

Meiosis produces gametes:
Phases of meiosis



➢ Meiosis II—second round of meiosis (just like Mitosis)

• Prophase II: Chromosomes condense, nucleus dissolves, spindle forms

Meiosis produces gametes:
Phases of meiosis



➢ Meiosis II—second round of meiosis (just like Mitosis)

• Prophase II: Chromosomes condense, nucleus dissolves, spindle forms

• Metaphase II: Sister chromatids line up in center of the cell

Meiosis produces gametes:
Phases of meiosis



➢ Meiosis II—second round of meiosis (just like Mitosis)

• Prophase II: Chromosomes condense

• Metaphase II: Sister chromatids line up in center of the cell

• Anaphase II: Sister chromatids separate

Meiosis produces gametes:
Phases of meiosis



➢ Meiosis II—second round of meiosis (just like Mitosis)

• Prophase II: Chromosomes condense

• Metaphase II: Sister chromatids line up in center of the cell

• Anaphase II: Sister chromatids separate

• Telophase II: Four nuclei reform, Spindles dissolve, Chromosomes unpack

✓ Cytokinesis is part of Telophase II (4 haploid gametes form)

Meiosis produces gametes:
Phases of meiosis



Mitosis and meiosis have important similarities and 

differences:
Similarities of meiosis and mitosis

5.8) Mitosis and meiosis have important similarities and differences.

CORE IDEA: Both mitosis and meiosis involve the duplication and distribution of chromosomes to 

offspring cells. However, mitosis involves one round of division that produces diploid cells, whereas 

meiosis involves two rounds that produce haploid cells.

A. Similarities of meiosis and mitosis

B. Differences between meiosis and mitosis



A. Similarities of meiosis and mitosis

1. Both meiosis and mitosis are important in the life cycle of all sexually 

reproducing organisms.

2. Both meiosis and mitosis are preceded by a duplication of chromosomes.

Mitosis and meiosis have important similarities and 

differences:
Similarities of meiosis and mitosis



B. Differences between meiosis and mitosis

1. Where

a. meiosis—gonads (ovaries and testes)

b. mitosis—all other body cells

2. When

a. meiosis—varies by gender

i. males—from puberty until death

ii. females—starts before birth

b. mitosis—throughout lifetime

Mitosis and meiosis have important similarities and 

differences:
Similarities of meiosis and mitosis



B. Differences between meiosis and mitosis

3. What

a. meiosis—one diploid cell produces four haploid gametes

b. mitosis—one diploid cell produces two diploid cells

4. How

a. meiosis—two chromosome separations

b. mitosis—one chromosome separation

5. Produces

a. meiosis—genetically unique haploid gametes

b. mitosis—genetically identical diploid cells 

Mitosis and meiosis have important similarities and 

differences:
Similarities of meiosis and mitosis



Several processes produce genetic variation among 

sexually reproducing organisms:
Sexual reproduction produces genetically unique offspring



Several processes produce genetic variation among 

sexually reproducing organisms:
Sexual reproduction produces genetically unique offspring

5.9) Several processes produce genetic variation among sexually reproducing 

organisms.

CORE IDEA: Genetic variation is created during sexual reproduction through an independent 

assortment of chromosomes, random fertilization, and crossing over. The first two of these processes 

shuffle chromosomes, while the third creates hybrid chromosomes that may contain new 

combinations of genes.

A. Sexual reproduction produces genetically unique offspring.

B. Random Fertilization

C. Crossing Over

D. Independent assortment



A. Sexual reproduction produces genetically unique offspring.

1. It involves fertilization, the union of sperm and egg.

• Only identical twins are not genetically unique.

Several processes produce genetic variation among 

sexually reproducing organisms:
Sexual reproduction produces genetically unique offspring



A. Random fertilization

1. One gamete with a random chromosome combination combines with another 

gamete with a random chromosome combination.

Several processes produce genetic variation among 

sexually reproducing organisms:
Random fertilization

2. The result is tremendous variation that can 

wind up in any one zygote.

The 8 million possible combinations in a 

sperm multiplied by the 8 million 

possibilities in an egg equals 64 trillion 

possible combinations of chromosomes 

in the zygote.



B. Crossing over

1. When homologous chromosomes form tetrads during prophase I, the 

maternal and paternal chromosomes swap pieces.

Several processes produce genetic variation among 

sexually reproducing organisms:
Crossing over



B. Crossing over

1. When homologous chromosomes form tetrads during prophase I, the 

maternal and paternal chromosomes swap pieces.

Several processes produce genetic variation among 

sexually reproducing organisms:
Crossing over

2. Crossing over produces hybrid

chromosomes that are partially maternal 

and partially paternal.

3. As a result, a new combination of genes

may be produced and passed on to 

offspring



C. Independent assortment

1. During metaphase I, chromosomes line 

up by homologous pairs.

Several processes produce genetic variation among 

sexually reproducing organisms:
Independent assortment



C. Independent assortment

1. During metaphase I, chromosomes line 

up by homologous pairs.

2. Each homologous pair contains one 

maternal and one paternal chromosome.

3. The side-by-side orientation of each 

chromosome is a matter of chance.

• Which member of any homologous pair 

ends up in a particular gamete is random.

5. There are over 8 million possible 

combinations of chromosomes in human 

gametes.

Several processes produce genetic variation among 

sexually reproducing organisms:
Independent assortment



Mistakes during meiosis can produce gametes with 

abnormal numbers of chromosomes:
Normally gametes are haploid or n

5.10) Mistakes during meiosis can produce gametes with abnormal numbers of 

chromosomes.

CORE IDEA: Nondisjunction is an error during meiosis that produces gametes with abnormal 

numbers of chromosomes. If such a gamete produces a zygote, it will have an abnormal number of 

chromosomes. This is usually fatal but can occasionally produce an adult with a characteristic 

syndrome.

A. Normally gametes are haploid or n.

B. Nondisjunction

C. Trisomy 21

D. Sex chromosome abnormalities
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A. Normally gametes are haploid or n.

• Errors in meiosis can result in gametes that have the wrong number of 

chromosomes



Mistakes during meiosis can produce gametes with 

abnormal numbers of chromosomes:
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B. Nondisjunction

1. Sometimes, chromosomes will fail to separate properly in meiosis.

2. This results in gametes with too many or too few chromosomes.
a. Usually it is one chromosome too 

many (“n+1”) or too few (“n–1”).

3. If the abnormal gamete is fertilized, 

the resulting zygote will have an 

abnormal number of chromosomes.

4. Generally, such a zygote cannot 

develop into a viable embryo.

• If it does develop, the resulting 

organism will usually have 

abnormalities.
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B. Nondisjunction

• Nondisjunction can occur in Anaphase I or Anaphase II of Meiosis

• Occurrences in anaphase I will 

result in 100% of the gametes 

being affected

• Nondisjunction in anaphase II

will result in 50% of gametes 

being affected

• Nondisjunction errors can also 

occur during mitosis, but that 

will not affect gametes
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C. Trisomy 21

1. This is the most common chromosomal abnormality.

2. A person has three copies of chromosome 21.

a. There is a total of 47 chromosomes in each cell.

3. It produces Down syndrome.

a. Individuals with Down syndrome usually have short 

stature, heart defects, varying degrees of 

developmental and intellectual disabilities, and 

increased susceptibility to certain diseases.
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C. Trisomy 21

4. The chances of having a nondisjunction error increase with age, and women 

seem more susceptible to this risk


