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Entry Checkpoint #1
KWHLAQ
Topic :-Introduction to Genetics…The Chromosomes & Genes

K

• What do I know?

• ANS: -

W

• What do I want to know?

• ANS: -

H

• How will I find out?

• ANS: -
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Chromosome “Hierarchy”

• Within the nucleus of  the cell, is found a 
structure known as a chromosome.

• Chromosome

• A linear end to end arrangement of  genes, 
other DNA and associated proteins.

• Genes

• Segments of  DNA, that code for an 
observable or biochemical 
characteristic (phenotype).

Chromosome

Chromatin

DNA Molecules

DNA Strands

Genes

DNA Nucleotides
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Chromosomes

• Chromosome Set

• Represented by the letter n, contains a 
specified number of  chromosomes.

• The specified number of  
chromosomes DEPENDS on the 
species of  organism.



6

Chromosomes Sets…Ploidy

• Ploidy
• Number of  sets of  chromosomes in the nucleus 

of  a cell.

• Haploid
• A cell having one chromosome set

• Homo sapiens (humans)

• Human Sperm 1 set of  23 chromosomes

• Female Egg 1 set of  23 chromosomes

• In human sex cells n, we represent the chromosome 
set by n

• Diploid
• A cell having 2 chromosome sets

• Homo sapiens

• As an individual, human somatic cells contain 46 
chromosomes (23 + 23)

• In human somatic cells, we represent the sets by 2n 
(2 * 23 chromosomes)

• Sex cells still have 1 set of  23 chromosomes

Ploidy

Haploid

n

One 
chromosome 

set

Diploid

2n

Two 
chromosome 

sets

Triploid

3n

Three 
chromosome 

sets

Number of  
Chromosome 

{Sets}
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Exit Checkpoint #1A
KWHLAQ
Topic: - Introduction to Genetics…The Chromosomes & Genes

L

• What have I learned?

• ANS: -

A

• What action will I take?

• ANS: -

Q

• What further questions do I have?

• ANS: -
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Exit Checkpoint #1B
Levels & Student Derived Questions

LEARNING GOALS
STUDENT EVIDENCE

{Student developed Questions}

4
In addition to level 3, the student will be able to:

3
The student will be able to:

2
The student will be able to: 

1
With help, the student has a partial understanding of some of the simpler details and processes.



The Cell Cycle
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Entry Checkpoint #2
KWHLAQ
Topic :-The Cell Cycle

K

• What do I know?

• ANS: -

W

• What do I want to know?

• ANS: -

H

• How will I find out?

• ANS: -
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Introduction

• Cell Cycle

• An ordered sequence of  events in the 
life of  a dividing eukaryotic cell and 
is a type of  asexual reproduction.

• The contents of  the parent’s cell 
nucleus is duplicated and an orderly 
separation of  the cell’s contents is 
separated into two new, identical 
nuclei.

• Two daughter cells are produced the 
parent cell.
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Cell Cycle
Three General Stages
• Interphase

• G1 phase

• Gap phase #1

• S phase

• DNA synthesis

• DNA is duplicated 

• DNA Replication

• More to 
come later.

• G2 phase

• Gap Phase #2

• M phase

• Mitotic phase

• PMAT

• Cytokinesis



Interphase
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Interphase 

• Interphase

• Accounts for about 90%** of  the cell 
cycle

• Gap Phase 1

• Cell grows in size

• S Phase

• Synthesis Phase

• Copies of  chromosomes and DNA are 
made

• DNA Replication

• Gap Phase 2

• Cell grows in size



Mitotic Phase
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Mitotic Phase 
(Mitosis)—Prophase

• Prophase

• Longest of  mitotic phase

• Chromosomes condense and become 
visible

• Chromosomes, once duplicated, are 
called two sister chromatids

• Two chromatids (sister chromatids) 
are formed by one chromosome

• Mitotic spindle assembles
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Mitotic Phase 
(Mitosis)—Metaphase

• Metaphase

• Chromosomes align along the middle 
(equatorial plane) of  the cell

• Microtubules attach chromosomes to 
opposite ends of  the spindle
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Mitotic Phase (Mitosis)—Anaphase

• Anaphase

• Chromosomes are pulled to the poles of  the 
cell

• Sister chromatids are separated

• Centromeres divide
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Mitotic Phase (Mitosis)—Telophase

• Telophase

• Nuclei (nucleus) and, nuclear envelope, 
reforms in daughter cells



Cytokinesis
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Cell Cycle—Cytokinesis

• Cytokinesis

• Both daughter cells are separated and two 
distinctive cells are formed.

• Daughter cells are pinched off  from each 
other
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Review I
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Review II
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Exit Checkpoint #2A
KWHLAQ
Topic: -The Cell Cycle

L

• What have I learned?

• ANS: -

A

• What action will I take?

• ANS: -

Q

• What further questions do I have?

• ANS: -
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Exit Checkpoint #2B
Levels & Student Derived Questions

LEARNING GOALS
STUDENT EVIDENCE

{Student developed Questions}

4
In addition to level 3, the student will be able to:

3
The student will be able to:

2
The student will be able to: 

1
With help, the student has a partial understanding of some of the simpler details and processes.
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Key Facts About the Cell Cycle

Key Facts About the 
Cell Cycle

One cell division 
resulting in two 
daughter cells

Chromosome 
number, per nucleus, 

remains the same

Haploid cell results 
in haploid daughter 

cells

Diploid cell results 
in diploid daughter 

cells

No crossing over*
More on this in 

meiosis



Control of  the 
Cell Cycle
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Entry Checkpoint #3
KWHLAQ
Topic :-Control of  the Cell Cycle

K

• What do I know?

• ANS: -

W

• What do I want to know?

• ANS: -

H

• How will I find out?

• ANS: -
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The Importance of the Cell Cycle
Cell Proliferation vs. Apoptosis

• Within a eukaryotic organism, composed of  
eukaryotic cells, there must be a balance of  
cell generation and cell death.

• Cell generation, proliferation, occurs 
via the cell cycle.

• Cell death occurs via apoptosis
{programmed cell death}.

• Apoptosis occurs because of  a series 
of  enzymatic reactions carried out by 
proteases (enzymes that hydrolyze 
peptide bonds that link amino acids 
together).
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Cells Differentiating 
Between Proliferation and 

Apoptosis

• Cells, through cell-to-cell communication 
with each other, help evaluate whether they 
must continue dividing or die.
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Cell Proliferation vs. Cell Death…Apoptosis

• Why must cells die?

• Cells, that have reached the 
point of  no longer being 
useful, damaged or abnormal, 
are programmed to die 
{apoptosis}.

• During the development of  a 
baby in the womb, the 
programming of  cells to die is 
important.

• Very important in the 
development of  fingers 
and toes for example.
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Cell Proliferation vs. 
Cell Death…Controls

• To accomplish the production of  cells 
(cell cycle) or the destruction of  cells 
(apoptosis) different control 
mechanisms are used.

• Extracellular Control Mechanisms

• Intracellular Control Mechanisms
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Extracellular Control…Growth Factors

• Growth factors are naturally occurring regulatory 
molecules, which bind to receptors on the cell surface.

• A growth factor is a naturally occurring substance 
capable of  stimulating cellular growth, 
proliferation, healing, and cellular differentiation

• Growth factors stimulate cellular growth, and 
help regulate cell proliferation rates.
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Extracellular Control…Examples of  Growth Factors

• Examples of  Growth Factors
• MPF

• Mitotic Phase Promoting Growth Factor

• SPF

• S-Phase Promoting Growth Factor

• FGF

• Fibroblast Growth Factor

Growth Factor 
Examples

MPF

SPF

FGF
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Intracellular Controls…Regulation of  the Cell Cycle’s Checkpoints

• Proliferation Genes

• These are genes that are coded to make the 
growth factors and/or proteins that promote 
cell division.

• Anti-Proliferation Genes

• Produce tumor suppressor proteins that stop 
cell division

• Protein kinases

• *Promote cell division

• Cyclin-dependent protein kinases (Cdks) 
kinases.

Sunday, November 10, 2019
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Intracellular Control 
Mechanisms…Tumor 
Suppressor Genes & 
Proteins

• Tumor Suppressor genes produce tumor suppressor proteins
that helps control cell growth. 

• Mutations (changes in DNA) in tumor suppressor 
genes may lead to cancer.
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Intracellular Control 
Mechanisms…Tumor 
Suppressor Genes
Description Proteins

mRNA—Translation

Genes—Transcription
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Tumor 
Suppressor 

Genes

Rb

E2F

CDK

Cyclin

myc

p21

p53

Examples of  Tumor 
Suppressor Genes
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Intracellular Control…Activation of  CDK
General Description

• Cyclin (protein) and CDK (protein) join together to 
form the CDK-cyclin complex.

• Cyclin activates the CDK.

• CDK protein is ONLY ACTIVE when 
attached to the cyclin protein

• The CDK complex carries out the work of  a 
protein kinase (phosphorlyating other 
enzymes/proteins).

• Promotes cell proliferation (division).

Sunday, November 10, 2019
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Intracellular Control…p53 Gene & p21 Gene

• During the S phase, if  the DNA is 
damaged, the p53 gene becomes 
activated and produces the p53 
protein. 

• The p53 gene protein stimulates 
transcription of  the gene (p21 
gene) that codes for a Cdk
inhibitor protein.

• The p53 gene protein behaves 
as a transcription factor.

• The Cdk inhibitor protein (p21 
inhibitor protein) binds onto the S 
phase cyclin-Cdk complex and 
inactivates them.

• Stopping the cell cycle.
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Survival Factors

• Survival factors allow cells to “survive” and if  cells are 
deprived of  them, cells will then activate intracellular suicide 
programs.

• Programmed cell death

• Apoptosis

• How may programmed cell death be useful?

• Fetal development

• The spade-like structure of  the hand/foot leads to the 
development of  hand and feet structure due to the 
death cells in particular areas.

• Metamorphosis

• Tadpole→frog

• Prevents necrosis
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Exit Checkpoint #3A
KWHLAQ
Topic: -Control of  the Cell Cycle

L

• What have I learned?

• ANS: -

A

• What action will I take?

• ANS: -

Q

• What further questions do I have?

• ANS: -
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Exit Checkpoint #3B
Levels & Student Derived Questions

LEARNING GOALS
STUDENT EVIDENCE

{Student developed Questions}

4
In addition to level 3, the student will be able to:

3
The student will be able to:

2
The student will be able to: 

1
With help, the student has a partial understanding of some of the simpler details and processes.



Cancer Cells
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Entry Checkpoint #4
KWHLAQ
Topic :-Cancer Cells

K

• What do I know?

• ANS: -

W

• What do I want to know?

• ANS: -

H

• How will I find out?

• ANS: -
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Cancer Cells

• Cancer cells develop 
because of  mutations that 
directly/indirectly impact 
the “proliferation control 
system.”

• Faulty control system
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Cancer Cells I

• Mutations in proliferation genes, that code for 
proteins that promote cell division AND/OR 
anti-proliferation genes (p53; p21), that code 
for proteins that stop cell division, can result in 
the formation of  cancer cells.

• Mutant proliferation genes are called 
oncogenes

• Cancer promoting genes.
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Exit Checkpoint #4A
KWHLAQ
Topic: -Cancer Cells

L

• What have I learned?

• ANS: -

A

• What action will I take?

• ANS: -

Q

• What further questions do I have?

• ANS: -
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Exit Checkpoint #4B
Levels & Student Derived Questions

LEARNING GOALS
STUDENT EVIDENCE

{Student developed Questions}

4
In addition to level 3, the student will be able to:

3
The student will be able to:

2
The student will be able to: 

1
With help, the student has a partial understanding of some of the simpler details and processes.



Review


