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7th Grade Life Science 

Unit 3: Cells and Body Systems 

Performance Expectation: MS-LS1-7. 

Lesson Outcomes: 

• Describe the importance of the reactants and products of cellular respiration. 
• Differentiate respiration (breathing) from cellular respiration. 

• Explain why cellular respiration is critical for survival. 

Activity 1  

A. Quick Write (2-4 Mins) Do plants need food? Please explain your answer. 

B. Reading “Getting to Know: Cellular Respiration” 

6 word Story: You are going to tell the story of this reading using only six words. 

Stories can be complete sentences, a phrase, or a series of words. 

      

C. Reflection Questions 

1. Underline the incorrect parts of the following sentences. 

• Plants do not need food because they obtain their energy from the sun. 

• Plants produce oxygen, but they don't need oxygen themselves. 

2. Suppose a severe drought hits the grassland habitat where springbok antelopes make their home. 

Describe how the springboks might be affected if they cannot find enough plant matter to eat. 

 

 

3. Make the following statements as true or false: 

Cellular respiration is a chemical process that enables organisms to convert 

food into energy.  

 

Plants carry out cellular respiration using the same chemical process that 

occurs in animals  

 

animals consume food only to get energy for the process of cellular 

respiration. 

 

cellular respiration is the long scientific name for respiration (breathing).  
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Getting to Know: Cellular Respiration 
Many people know that eating a healthy meal will give them energy. All organisms require 
the input of energy to complete their life cycles. The daily tasks of animals like walking, 
growing, reproducing, and eating require energy. To complete these tasks, animals take in 
food and water to gain energy. Likewise, plants also grow and reproduce, both of which 
require energy. Plants do not eat, so they use the process of photosynthesis to convert the 
sun’s energy into a food source. 

Once the intake of energy is complete, the energy must be exchanged with the cells inside 
the body. All life is made of cells, and each individual cell in the organism needs this food 
energy. It is not enough for animals to eat foods and for plants to make foods. The energy 
must be in a usable form for the organism. Animals and plants both convert food energy into 
usable forms during cellular respiration. 

What happens during cellular 
respiration? 

Energy is stored in all chemical bonds, 

including those of foods. All sugars contain 

energy, but cellular respiration uses 

glucose. Glucose is the fuel for the cells of 
 
organisms. The body converts foods into 

glucose to use it in cellular respiration. 

The  cell cannot use glucose directly. 

Cellular respiration is a multistep process 

requiring oxygen.
 

First, glucose and oxygen pass into the 

cell. Once inside the cell, processes in the 

cytoplasm  extract the energy from the 

atomic bonds in glucose. Enzymes break up 

the glucose molecule, releasing the energy. 

This energy is later transferred into another 

kind of molecule called ATP, which supplies 

direct energy to cells.
 Cellular respiration converts glucose, a type of 

sugar, into a usable form of energy for cells. 
What other parts of the cell are 
involved in cellular respiration? 

In eukaryotes, another stage of respiration takes place inside the mitochondria, the power 
house of cells. In a chain of chemical reactions, glucose and oxygen react to form carbon 
dioxide, water, and ATP. 

Misconception 1: Is cellular respiration another word for breathing? 

Breathing is an exchange of gases from an external  source. Cellular respiration occurs 
when cells use oxygen to metabolize nutrients. It is an internal  exchange of gases in 
the  cells. 

Concept: Cellular Respiration  
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Prokaryotic  organisms such as bacteria do not have organelles. Although more energy is 
produced in the mitochondria, the energy from the cytoplasm is enough for prokaryotes. 
Because oxygen is not necessary for bacteria to use energy, they perform anaerobic  
respiration. That enables bacteria to live in places where there is little or no oxygen. 

Misconception 2:  Only animals perform cellular respiration. Plants get their 
energy from photosynthesis. 

Plants also use cellular respiration. Plants use photosynthesis to create glucose 
from carbon dioxide and water. Plants store energy as glucose and then use cellular 
respiration to release that energy for growth and reproduction. That’s why animals 
depend on plants. Animals can’t make sugars, so they rely on plants to do that. 

Why is oxygen an important reactant? 
Oxygen is very reactive. One way it combines with substances is through oxidation. Oxidation 
is the addition of oxygen to a substance through chemical reactions. Oxidation can be slow 
such as when iron rusts. Oxidation can also happen quickly such as when things burn. During 
cellular respiration, cells need oxygen to produce large amounts of energy. Therefore, cellular 
respiration is an aerobic reaction. It requires oxygen. 

What can go wrong with cellular respiration? 
Cells starved of oxygen in cellular respiration 

can die. A lack of oxygen causes a decrease in 

essential energy for cell processes. In essence, 

the cell suffocates without oxygen. 


Mitochondria may also cause problems. 

Severe diseases result if the mitochondria 

malfunction. Leigh’s disease is caused by 

mutations in the mitochondria. The cells of 

patients with Leigh’s disease cannot produce
enough energy. Several other diseases are 

linked to cellular respiration. 


 


In this lesson, you will learn more about how 
cellular respiration supports all of the other 
functions happening in your body. It will help 
you understand why feeding your cells is so 
important.  

Mitochondria are colored blue in this image.  
These organelles are where most energy is 
produced during cellular respiration. 

Concept: Cellular Respiration  
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Activity 2  

A. Quick Write (2-4 Mins) Can you explain: How is cellular respiration different from respiration (breathing), and 
how does it enable an organism to survive? 

 

B. Reading “Life in the Cellular Zone” 
After reading please reflect by responding to each of these letters (AEIOU) 

A = Adjective: List a word or two that describes 

something you saw or learned. 

 

E = Emotion: Describe how a particular part of the video 

made you feel. 

 

I = Interesting: Write something you found interesting 

about the content/topic. 

 

O = Oh!: Describe something that caused you say “Oh!”  

U = Um?: Write a question you have, or what you want 

to learn more about. 

 

 

Why Is Cellular Respiration Important? 

All organisms require energy for their cell processes. This energy is obtained from food substances, such as 
carbohydrates and fats. Chemical potential energy in these food substances is made available to the cell through a 
process called cellular respiration. Cellular respiration is a process that takes place in two steps. The first step does not 
use oxygen. For the second step, oxygen is essential. 

Cellular respiration is an important development in biology. It allowed organisms to harvest chemical energy from 
their surroundings. Respiration allows plants and animals to extract energy from energy-rich compounds, such as 
carbohydrates, and convert it to an energy-rich compound called adenosine triphosphate (ATP). The energy found in 
ATP can then be used by cells to grow, reproduce, move, and perform other essential cell functions. 

Because of its importance, the process of cellular respiration has changed very little from species to species over 
time. All existing creatures use some part of the cellular respiration biochemical pathway to process energy. Even plants, 
which use photosynthesis to capture the sun’s energy as food, carry out cellular respiration when they use the energy 
from that food. The development of a common metabolic pathway has allowed the evolution of multicellular organisms, 
the development of terrestrial animals and plants, and the specialization of tissues and organs. Arguably, respiration is 
one of the most important developments in evolutionary history! 

C. Reflection Questions 

Cellular respiration is so important that it only evolved once on Earth. What do you think would happen to an 
organism if it were unable to perform cellular respiration? Mark all of the true statements. 

• The organism would evolve another type of cellular respiration. 
• The organism would be unable to extract chemical energy from glucose. 
• The organism would survive on photosynthesis alone. 
• The organism would absorb and transform energy coming from its surroundings. 
• The organism would be unable to survive on Earth. 
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To the naked eye, the world looks different 
depending on whether you view it from high in 
the sky or down on the ground. But if you could 
make yourself small enough, you'd see that it's all 
made of cells—different kinds of cells in different 
animals and plants, all designed to carry out special 
activities. Take this virtual voyage and see for 
yourself. . . 

You start out in a field, looking up at a hawk with 
your binoculars. Suddenly you've become a speck, 
tiny enough to . . . be swooped up as the hawk 
dives. You look for a safe place on the tough 
surface of one of its talons, which is covered 
with scales. You work your way between them. 

Along the way, you pass skin cells: hundreds 
of them, all looking alike. Each one has a 
membrane and a darker area you recognize as 
the nucleus. Some cells are dividing. You watch 
as the nucleus of one cell appears to dissolve, 
and the chromosomes form. These pull apart to 
opposite sides of the cell, and then a membrane 
forms in the middle of the cell, splitting it in half. 
Then a nucleus forms in each cell. What was one 
cell is now two cells. 

You go deeper until you get to a different zone 
entirely. You're among muscle cells now. Unlike the 
skin cells, which fit snugly like puzzle pieces, these 
cells are long and bundled together. Each one 
contains bunches of fibers. Without warning, the 
fibers contract—you jump back as the muscle cells 
suddenly shorten. What's going on? You hurry back 
through the skin cells to the talon's outer surface. 

Wow—what a change! The hawk is flying 
much closer to the ground. The prairie 
grasses are just several feet below you, 

and then you're flying over a patch of brown turf. 
It's a prairie dog town—you can tell by the series 
of mounds that mark the entrances to their 
network of tunnels. The hawk's talons are flexed 
and he's getting closer and closer to his prey, a lone 
prairie dog running frantically for safety. 
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From Predator to Prey 
The hawk strikes with a clenched talon. A clump of 
fur gets caught for a second, but that's all. The 
prairie dog has escaped! The hawk changes direction 
quickly. Meanwhile, you've lost your grip on the 
talon. You're falling, falling . . . and then you land on 
the back of the "lucky dog." 

You grab a strand of hair and slide down. At its 
base the strand rises above you as big as a redwood 
tree. You burrow into the pit where the hair enters 
the skin and pass by layers and layers of boxy 
chambers stacked like nearly transparent bricks. The 
first layers seem dried out and dead, but deeper 
down the boxes are filled with fluid. Vague shapes 

float inside. You realize you're looking at cells that 
make up the tissue of the prairie dog's skin. 

You come to a giant tube stretching and branching 
among the skin cells. The walls of the tube are also 
made of cells, but these are thin and flat like flexible 
tiles. Looking through the cells that make up the 
tube—a blood vessel—you see membrane-bound sacs 
whizzing past like cars on a freeway. Red blood cells 
look a bit like life preservers with deep dents in the 
center. White blood cells look spiky. 

On a whim, you hop aboard one of these red "life 
preservers." You've chosen a particularly bright red 
one, and off you go, bringing oxygen to another part 
of the prairie dog's body. The tubes become narrower 
and narrower, until you've reached the lining of the 
prairie dog's small intestine. Here's where the blood 
cell delivers its oxygen. You get off, too. 

Cells at Work 
These small intestine cells are busy. You watch as they 
produce enzymes and acids to break down food that 
the prairie dog has eaten. The chemical-producing 
cells are located right next to other types of cells, 
which have a different task: absorbing nutrients from 
the food. These nutrients pass through the 
membranes of the digestive cells until they reach the 
same narrow blood vessel where you first came in. 
Here the prairie dog's blood picks up the food and 
sends it to other parts of the body. 

Maybe it's time you got out of this prairie dog. You 
close your eyes, and when you open them again, you 
see blue sky above. Tall stalks o f . . . something . . . 
frame your vision—are they giant prairie dog hairs? 
No. You sit up and realize that you had fallen asleep 
among the tall grasses of the prairie. 

Activi ty 
BUILD Y O U R O W N Here's how you can study cells in 

both two and three dimensions. 

1. Slice into an onion and peel off part of an inner layer of 

skin. Study this layer under a hand lens or magnifying 

glass and describe wha t you see. Make a sketch. 

2. Prepare one cup of plain gelatin ( fol low instruct ions on 

box). Pour the solution into a clear plastic baggie and 

refr igerate. W h e n the gelatin has set, remove it f rom the 

refrigerator. Describe wha t you see and list the 

character is t ics that make this " ce l l " d i f ferent in structure 

f rom the onion cells. 

DISCOVERY EDUCATION SCIENCE CONNECTION 
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Activity 3  

A. Quick Write (2-4 Mins) What is the energy source for cells?  
 

B. Reading “Metabolism & Cellular Respiration” 
While reading mark the text in two ways. 1. Underline the author’s claims 2. Circle key terms 
 
How Are the Reactants and Products of Cellular Respiration Used and Produced? 

Cellular respiration is a series of complex chemical reactions. The overall outcome of these chemical 
reactions is the conversion of glucose and oxygen to carbon dioxide and water. The energy released in this 
process is converted to a high-energy compound, adenosine triphosphate (ATP). ATP is easily used by the cell for 
its life processes. 
 
The overall chemical equation for cellular respiration can be written as: 
 
glucose + oxygen → carbon dioxide + water + energy (ATP) 
 

 
Glucose is an energy-rich compound because its carbon atoms are bonded to many hydrogen atoms. 

The process of cellular respiration replaces the hydrogen atoms found in glucose with oxygen. This changes the 
glucose to a low-energy state, allowing the released energy to be captured in ATP. 

Various organ systems within a multicellular organism work together to ensure that the cells of the body 
get the food and oxygen needed to sustain cellular respiration. Oxygen absorbed in the lungs is transported by 
the blood to individual cells. Food is absorbed in the gut and transported to cells as glucose to provide the 
energy for the cellular respiration. When glucose and oxygen arrive at the cells, they pass through the cell 
membrane and travel to organelles called mitochondria. The waste products of respiration, carbon dioxide, and 
water pass in the opposite direction. The carbon dioxide is transported back to the lungs, where it is excreted. 
Water is removed from the body at the lung surface and by the urinary system. 

C. Reflection Questions 
Cellular respiration is the chemical basis of how cells release energy from foods. When you eat an apple, your 
cells extract energy.  
 
The text below explains how cells use cellular respiration to extract energy from an apple. Underline the 
sentences that are incorrect. 
   

The apple first enters the digestive tract through the mouth, where digestion begins with chewing. 
Enzymes begin to break down the apple in the mouth. From the digestive tract, the glucose from the digested 
apple is absorbed into the bloodstream, where it is brought to cells throughout the body. In the chloroplast, the 
glucose begins cellular respiration. The molecules react with carbon dioxide to release energy. Oxygen is 
produced as waste. 
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Metabolism & Cellular Respiration  

A runner crouches at the starting line. He is about to sprint as 
fast as he can. To perform his best, his body must utilize the 
energy it stored from breakfast. He had 
chewed his food well to make it easier 
to digest and waited three hours before 
exercising. But how did his body 
convert a meal into energy it could use?  

The answer is metabolism. Metabolism 
is a term that refers to all the chemical 
reactions that maintain life in an 
organism. Such chemical reactions 
happen inside cells. Whether a person 
is sleeping, sitting, or exercising, 
metabolism is always at work.  
 
Cellular Respiration  
There are specific metabolic pathways 
in charge of turning food energy into chemical energy. 
Cellular respiration is a series of chemical reactions that 
break down nutrients for energy. In most organisms, this 
process requires oxygen. The molecules that serve as energy 
sources are called macronutrients because cells can digest 
them into smaller units. Macronutrients include 
proteins, carbohydrates, and fats. A protein is 
composed of amino acids, a carbohydrate is a 
string of simple sugars, and a fat is made of three 
fatty acids attached to one glycerol. 
 
Where does chemical energy come from? Energy is 
found in the bonds that connect atoms. Cells gain 
energy by breaking a bond. Conversely, they must 
spend energy to form a bond. The molecule that is 
most commonly used by cells to store energy is 
called adenosine triphosphate (ATP). Without 
ATP, cells cannot operate or complete work. Cells form ATP 
as a way to store energy that they obtain from breaking down 
glucose, a type of simple sugar. Cellular respiration is the 
main way that cells form ATP.  
 
The overall process of cellular respiration involves three 
complex steps: glycolysis, the Krebs cycle, and the electron 

The body needs energy to fuel daily activities, 
like exercise.   

When cells have nutrients from food 
and oxygen, they can make energy. 
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Metabolism & Cellular Respiration  

The reactions of cellular respiration take place in the 
cytoplasm (the blue area) and the mitochondrion (the 
bean-shaped organelle). 

transport chain.  
 

Step 1: Glycolysis  
Glycolysis occurs in the cell’s cytoplasm. The cell doesn’t need 
oxygen for this step, so it is characterized as an anaerobic 
reaction. During glycolysis, a molecule of glucose is split into 
two smaller molecules known as pyruvates. Breaking glucose 
into pyruvate yields two molecules 
of ATP. It also leaves the cell with 
two electron carriers, which are 
molecules that relay electrons from 
one part of the cell to another. They 
play a vital role in the electron 
transport chain, which is where the 
bulk of the ATP is generated in 
cellular respiration.  
 
The two pyruvate molecules travel 
to the mitochondrion, an organelle 
that is known as the cell’s “power 
house” because it is the main site of 
ATP production. The remaining 
steps of cellular respiration take 
place in the mitochondrion.  
 
Once the pyruvates are in the mitochondrion, a reaction 
converts each pyruvate into a molecule called acetyl CoA. It 
also produces two more energy carriers. This process is 
considered aerobic because it requires the presence of 
oxygen. Carbon dioxide is a by-product of this reaction.  
 
Step 2: The Krebs Cycle  
Still inside the mitochondrion, the acetyl CoA molecules 
undergo a series of reactions known as the Krebs cycle. 
During the Krebs cycle, the acetyl CoA molecules are broken 
down and modified in a process that yields two more ATP 
molecules (one from each molecule of acetyl CoA). Carbon 
dioxide is a by-product of this reaction. The most important 
result of these reactions, though, is the output of eight 
additional electron carriers.  
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Metabolism & Cellular Respiration  

Meat is a source of protein. 

Step 3: The Electron Transport Chain  
Remember the electron carriers from glycolysis and the Krebs 
cycle? All twelve electron carriers travel to the inner 
mitochondrial membrane, the site of the electron transport 
chain. The electron transport chain is a series of chemical 
reactions. The electron carriers drop off their electrons at the 
beginning of the chain and the electrons pass down the chain 
through one reaction after another. As the electrons “fall” 
down the electron transport chain, energy is released that is 
ultimately captured and stored in ATP molecules. During this 
portion of cellular respiration, about 32 molecules of ATP are 
produced from what was originally one molecule of glucose. 
 
Oxygen is a crucial component for the reactions responsible 
for generating ATP. At the end of the electron transport 
chain, oxygen accepts electrons and bonds with hydrogen to 
make water. Since oxygen accepts the electrons, the carriers 
can continually shuttle more to the 
start of the electron transport chain. 
If this were not the case, the series of 
reactions would be unable to 
continue and electrons would stop 
moving down the chain, causing  
ATP production to halt.  
 
Energy from Fat and Protein 
Glucose isn’t the only source of 
energy. The body can utilize fat too. 
Because a fat molecule has many 
more bonds to break than a glucose 
molecule, the cell generates ten times 
more ATP from a fat molecule than it 
can from a glucose molecule. However, the body needs 
carbohydrates to break down fat.  
 
On the other hand, protein isn’t normally used for fuel. The 
body needs it to make structures like muscles and enzymes. 
Cells will only break down amino acids for ATP as a last 
resort. For example, if a person is starving. But not much 
energy comes out of it.  
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Metabolism & Cellular Respiration  

Cells break down carbohydrates into glucose for 
energy. If the cell has more glucose than it needs, it 
stores it in the form of glycogen. 

 
How Is Energy Stored? 
If an individual consumes more 
food than the body needs, their 
body saves the energy for later. 
Carbohydrates are put aside as 
glycogen in the liver and muscles. 
Sometimes athletes such as runners 
will eat foods rich in carbohydrates 
the night before a race. Doing so 
increases their bodies’ glycogen 
reserves. As soon as the race begins, 
the bodies have an ample stock of 
glucose to fuel the cells.  
 
Lipids are stored in adipose tissue. 
Since fat is rich in energy, the body 
prefers to store it. Cells will utilize carbohydrates first, and 
only metabolize fat when the sugar supply is depleted. If a 
person eats excess sugar, the body will continue to reserve the 
fat and not use it. 
 
Proteins are broken down into an amino acid pool the cell can 
draw from later. Each day, the body makes the most of its 
proteins by taking amino acids from the pool. If a person eats 
excess protein, it can turn into fat.  
 
Cells are productive and organized, and they know precisely 
what to do with each nutrient that comes in.  The second a 
person breathes in, numerous chemical reactions arise. 
Thanks to metabolism, the body gets exactly what it needs at 
every moment. 
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Activity 4 

A. Quick Write (2-4 Mins) Describe how living things get the material they need to grow and live. 

 

 

B. Reading “The Process of Respiration” 
After reading create a chart for one of the processes discussed. See example on Matter below. 

 
 
How Do the Processes Involved in Cellular Respiration Differ? 
Cellular respiration takes place inside cellular organelles called mitochondria. Cellular respiration has 

two main steps. In step one, called glycolysis, the glucose is broken down into two molecules. In this process, a 
bit of ATP is formed. If no oxygen (or not enough oxygen) is present, the process will be followed by 
fermentation. This process is called anaerobic respiration. In human muscles, it leads to a buildup of lactic acid 
in the process called fermentation. This buildup of lactic acid is thought to be the cause of aching muscles in 
athletes. In other organisms, this may produce different compounds. For example, yeast cells respiring 
without oxygen produce alcohol. 

If oxygen is available, fermentation is bypassed, and the molecules produced in the first anaerobic step 
are completely broken down into carbon dioxide and water. This second step, called aerobic respiration, 
produces about 18 times more ATP than the first step. No wonder most organisms use aerobic respiration! 

If glucose is burned in oxygen, it produces a flame and liberates a lot of heat. Glucose cannot be 
burned in cells. If all the energy were released at one time, the cell would be destroyed. How do cells get 
around this problem? Enzymes carefully regulate the steps of respiration so that the chemical potential energy 
in glucose is released a bit at a time. Each step produces a small amount of ATP. ATP provides small packets of 
energy that can be transported to where they are needed within the cell. When an ATP molecule has reached 
its destination, it can release its energy exactly when and where it is needed. 

C. Reflection Questions 

Cellular respiration is the chemical basis of how cells release energy from foods. When you eat an apple, your 
cells extract energy. The text below explains how cells use cellular respiration to extract energy from an apple. 
Underline the parts of the sentence that are incorrect. 

The apple first enters the digestive tract through the mouth, where digestion begins with chewing. Enzymes 
begin to break down the apple in the mouth. From the digestive tract, the glucose from the digested apple is 
absorbed into the bloodstream, where it is brought to cells throughout the body. In the chloroplast, the 
glucose begins cellular respiration. The molecules react with carbon dioxide to release energy. Oxygen is 
produced as waste. 
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The Process of Respiration 

Take a deep breath. Now breathe out. How many times a day do 
you breathe in and out? You do it without thinking. In and out, 
awake or asleep, you unconsciously breathe from the day you 
are born until the day you die. Are you feeling hungry? You can 
last several weeks without food. Are you 
feeling thirsty? You can last several days 
without water. But you cannot live more than 
a few minutes without taking a breath. Why, 
then, is breathing so important?  
 
Breathing is part of a process called 
"respiration." During respiration, gases are 
exchanged in your body. Air is breathed in 
and waste gases are breathed out. What 
kinds of gases are involved in respiration?  
 
You breathe to take air into your lungs. Air 
contains a mixture of gases. Look at the table below:  

A person cannot survive more than a few 
minutes without air. 

 
Type of 

gas 
Percentage 

in air 
Nitrogen 78 
Oxygen 21 
Argon 1 

 
Which of these gases do you think is the most important to life? 
It is oxygen. Even though nitrogen makes up more than three-
quarters of the volume of air, oxygen is the only one that is 
essential for respiration.  
 
When you inhale, your cells absorb the oxygen in the air. 
Oxygen moves from the air into your cells by a process called 
"diffusion." When you breathe, you are simply moving gases in 
and out of your lungs. Diffusion occurs because the higher 
concentration of oxygen in the air than in your cells results in a 
concentration "gradient." Diffusion from a high concentration to 
a low concentration along a gradient does not need any energy. 
You are not forcing oxygen into your cells. The oxygen passively 
moves from the air into your bloodstream.  
 
When you breathe out, or exhale, some of the oxygen from the 
air is exchanged for carbon dioxide from your blood. The carbon 
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The Process of Respiration 

dioxide gas is a waste product of respiration. Respiration is the 
chemical process by which cells exchange oxygen and carbon 
dioxide to obtain energy. 
 
What happens during respiration that makes oxygen so 
important? To answer that question, let us look more closely at 
the way cells work.  
 
All cells need energy to live. Without energy a cell 
quickly dies. Respiration is the cell’s way of 
extracting energy from food. As you eat, your teeth 
grind the food up so you can swallow it. Then, your 
digestive system breaks the food down further. 
Digestion converts the food into glucose molecules, 
which cells use for energy. Glucose is a type of sugar 
similar to the sugar you may sprinkle on your food. 
Think of glucose as fuel for cells. 
 
How does the cell use glucose as a fuel? After 
enzymes break down food into sugar, your cells 
absorb it. The cell transports the glucose to a 
complicated structure called the "mitochondrion." Depending 
on the type of cell, it may contain from just a few to hundreds of 
mitochondria. Think of mitochondria as the cell’s rechargeable 
batteries. Instead of connecting to an electrical outlet to be 
recharged, they use glucose. The cell’s process of extracting 
energy from sugars is called "cellular respiration." 
 
The mitochondrion’s specific purpose is to convert glucose into 
the cell’s energy molecule, called "ATP." (ATP stands for 
adenosine triphosphate.) The cell orchestrates a lot of 
complicated chemistry in order to get ATP from glucose. We will 
cover only the basic steps here. 
 
The chemistry of respiration relies on oxidizing glucose. The 
oxidation produces energy, in the form of ATP. Oxygen is 
reduced, with water as the product. Here is the chemical 
reaction: 
 

C6H12O6 + 6O2  6CO2 + 6H2O + energy (ATP) 
 

Carbohydrates, such as those found 
in bread, are the body’s main 
source of glucose. Glucose is used 
in respiration.  
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The Process of Respiration 

So how do cells carry out this reaction? First, inside the cell 
cytoplasm, the glucose is broken down by glycolysis. (This word 
comes from the Greek, glyco – glucose, lysis – to break down). 
The glucose is broken down into a new molecule, called 
"pyruvate." Some ATP is produced, but a little is also used, so 
this step produces only a small net gain of ATP. Up to this point, 
no oxygen has been needed to produce ATP.  
 
The next step of respiration takes place in the mitochondrion. 
The pyruvate molecule crosses into the mitochondrion. Here, it 
enters a series of chemical reactions called the "Krebs cycle." 
The Krebs cycle produces carbon dioxide as a waste product. 
The carbon dioxide diffuses out of the cell into your lungs, from 
which it is breathed out. Each cycle produces two molecules of 
ATP and carbon dioxide. Even now, during the Krebs cycle, no 
chemical processes have used oxygen.  
 
The importance of oxygen is evident in the 
final step of respiration, called the "electron 
transport chain." The chain is a series of 
chemical reactions that take place in the inner 
membrane of the mitochondrion. In these 
reactions, an electron donor molecule 
transfers electrons to an acceptor molecule. 
The acceptor molecule is oxygen, hence its 
vital role in respiration.  
 
As the electrons are transferred, they drive 
the pumping of protons (hydrogen atoms) 
across the membrane. The protons now 
move back across the mitochondrion’s inner membrane. This 
movement provides energy for ATP synthesis.  
 
Oxygen is important because of its role as an acceptor molecule 
for electrons. If there is no oxygen to accept electrons, protons 
cannot be pumped across the membrane. There are no protons 
to move back to the mitochondrion’s interior, so ATP synthesis 
stops. The cell quickly runs out of energy.  
 
Cyanide is a type of poison. It is effective because it prevents the 
final molecule of the electron transport chain from binding with 

During respiration most of the energy 
molecules are produced in the 
mitochondrion.  

May 2020



  

Discovery Education Science                                               © Discovery Communications, LLC 

 

The Process of Respiration 

oxygen. Even if a person is physically breathing, cyanide will 
cause death because the oxygen is not being used by the cells. 
 
The electron transport chain is so efficient that it produces far 
more ATP than the other parts of respiration. Glycolysis 
produces two ATP molecules. With oxygen, the Krebs cycle and 
the electron transport chain produce 34 ATP molecules. Many 
bacteria thrive just with glycolysis, but all higher organisms rely 
on cellular respiration. The chemistry of respiration produces 
energy so much more efficiently than glycolysis alone.  

 
Respiration is a complicated process. It is a remarkable 
chemical symphony that makes possible life as we know it. And 
it goes on every second of every minute of your life, completely 
automatically.  
 
Did you work out how many times a day you take a breath? The 
answer is around 20,000 times.  
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Assessment   

Create a 8 inch by 11 inch poster that answers the following questions:  

1. Where does cellular respiration take place? 
2. Why is cellular respiration important? 
3. What are the reactants and products of cellular respiration? 
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7th Grade Life Science 

Unit 4: Inheritance and Genetics  

Performance Expectation: MS-LS1-5 

Lesson Outcomes: 

• Explain the purpose and function of a gene. 
• Explain how genes are organized within DNA. 
• Explain the relationship between genotypes and phenotypes. 

Activity 1  

A. Quick Write (2-4 Mins)  
What is the structure and function of genes? 
 
 
 
 
 
 
 
 
 

B. Reading  
Getting to Know Our Genes 

You may have noticed that many people resemble their biological parents. They may share traits such 

as body type, hair texture, skin tone, and shapes of facial features. The study of how traits are passed from 

parent to offspring is known as heredity. 

 

Although children may resemble their parents, they are not identical copies of their parents. Some 

siblings look like one another, and other siblings look quite different from one another. What about identical 

twins—siblings who grew from a single fertilized egg? Identical twins have exactly the same DNA, and they 

look alike. But besides physical characteristics, do they inherit any of the same personality traits or interests? 

 

There are researchers who study both physical and personality traits of identical twins. 
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Identical twins may have many things in common, including some personality and behavioral traits. But they 

also have some things that make them unique. 

It seems even individuals with identical DNA can have different physical traits and surprisingly similar 

personality traits. How does the DNA affect both of these kinds of traits? How does it produce who we are, 

and what other factors are involved in making us? In this concept, you will learn where genes are located and 

how genes translate into useful information within our bodies. 

 

6 word Story: You are going to tell the story of this reading using only six words. 

Stories can be complete sentences, a phrase, or a series of words. 

      

C. Reflection Questions 

1. Children inherit two copies of each gene. Where do each of those copies come from? 

 

 

 

 

2. Why do identical twins have the same physical characteristics, whereas regular siblings are not 

identical? 
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Activity 2  

A. Quick Write (2-4 Mins)  

How are the characteristics of one generation related to the previous generation? 

 

 

 

 

 

 

 

B. Reading  
How Are Genes Organized? 

Inside every cell of every organism on Earth is a molecule called deoxyribonucleic acid (DNA). 

This molecule contains the genetic code that determines the physical traits of that organism. Some 

organisms have a single molecule of DNA, called a chromosome, in their cells, but most complex 

organisms have multiple chromosomes. All chromosomes are made up of segments called genes, 

which code for particular proteins. The expression of the proteins leads to traits such as hair color, eye 

color, and height. You have thousands of different genes that make up your chromosomes, and 

everyone’s combination of chromosomes is slightly different. This is part of why the human family is so 

diverse! 

DNA molecules are extraordinarily long—an adult human has about six feet of DNA inside every 

single cell! Since all the genes are not making proteins all the time, DNA condenses in order to protect 

itself. Each DNA molecule wraps around proteins to form a structure called a chromatin. In non-

dividing cells, the DNA will stay in chromatin form. When the cell is ready to divide, the chromatin will 

wrap around more protein molecules to form rod-shaped structures called chromosomes. While we 

call each molecule of DNA a chromosome, remember that true chromosomes only form before cell 
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division. Chromosomes come in many sizes. In humans, chromosome 1 carries about 3,000 genes, 

while chromosome 21 only carries about 300! 

Different species have different numbers of chromosomes. For example, a fruit fly has 8 

chromosomes, a plum has 48, and a king crab has 208! While there is variety among species, each 

organism has the exact same number of chromosomes in every cell of its body. Every somatic cell in 

the human body has DNA organized into 46 chromosomes, made up of 23 matching pairs—one copy of 

each chromosome from each of our parents. Since each type of chromosome holds a specific set of 

genes, this allows us to have two versions of each gene! 
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After reading please reflect by responding to each of these letters (AEIOU) 

A = Adjective: List a word or two that describes 

something you saw or learned. 

 

E = Emotion: Describe how a particular part of the 

video made you feel. 

 

I = Interesting: Write something you found 

interesting about the content/topic. 

 

O = Oh!: Describe something that caused you say 

“Oh!” 

 

U = Um?: Write a question you have, or what you 

want to learn more about. 

 

 

 

C. Reflection Questions 
DNA Organization 

Circle the correct word from each blank to describe the organization of genes. 

  

The “code” for physical traits is found in a molecule called (DNA, karyotype, protein). Segments of this 

molecule that code for specific (chromosomes, karyotypes, proteins) are called (chromatin, chromosome, 

gene). In order to conserve space and protect the molecule, DNA wraps around proteins to form 

(chromatin, chromosome, gene). When a cell is about to divide, these wrap up even tighter into 

(chromatin, chromosome, karyotype). Complex organisms have many molecules of DNA in every cell, and 

each molecule is commonly referred to as a (chromatin, chromosome, gene), even if it is not wrapped up 

as one. 
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Activity 3  

A. Quick Write (2-4 Mins) 

How are genes organized? 

 

 

 

 

B. Reading  

How Do Genes Affect Traits? 

In humans and other organisms that reproduce sexually, at least two copies of each chromosome—and 

thus two copies of each gene—are present. The different versions of each gene are called alleles. If an 

allele codes for a version of a trait that will mask its other version, the allele that shows is called dominant. 

The dominant form is symbolized with an uppercase letter. An allele whose trait can be masked is called 

recessive. The recessive form is symbolized with a lowercase letter. 

 

For example, consider the gene for earlobe shape. In humans, the allele for unattached earlobes (symbol: 

U) is dominant over the allele for attached earlobes (symbol: u). If both chromosomes hold the same allele 

for the earlobes gene, the individual is homozygous for that gene. Homo means “same.” You can be 

homozygous dominant (both alleles are the dominant, unattached-earlobe form: UU) or homozygous 

recessive (both alleles are the recessive, attached-earlobe form: uu). If the two chromosomes hold two 

different alleles (one for unattached earlobes and one for attached earlobes), the individual is 

heterozygous for that gene: Uu. Hetero means “different.” 
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Free and Attached Earlobes 

Free earlobes are dominant over attached 

earlobes. The image on the left shows the 

attached-earlobe phenotype. The image on 

the right shows the free-earlobe phenotype. 

What genotypes could each individual have? 

The combinations of homozygous dominant (UU), homozygous recessive (uu), and heterozygous (Uu) are 

all examples of a genotype—the specific alleles you have for earlobes. The traits that arise from these 

combinations are your phenotype—what your earlobes look like, either free or attached. How exactly do 

you get something like earlobe shapes from a section of a DNA molecule? 

Your cells use the information in a gene to create a certain protein or parts of a protein. That protein will 

go on to determine a physical trait like blood type, muscle development, or even what kind of cell the DNA 

is housed in! Most traits are controlled by more than one gene. Genes makes messenger molecules called 

ribonucleic acid (RNA) and then send these messengers out to structures called ribosomes. Ribosomes 

read the RNA, which codes for amino acids in a specific order. When the amino acids are put in this specific 

order, a protein is made! Cells can also turn certain genes on and off, which will determine which proteins 

are produced. Genes that are turned off will not make messenger RNA at all. 

Although genes do control inherited traits, they do not control everything about a person’s physical traits 

or behaviors. The environment plays a role as well. For example, a person may have the genetic ability to 

jump very high. Whether or not that person becomes a great volleyball player depends on exposure to, 

interest in, and practice of the sport. Similarly, musical talent, artistic ability, and even intelligence may be 

inherited, but all must be nurtured if they are to emerge in the individual. Even physical features like 

height and body type can be affected by the environment. Depending on the activities in which you 
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participate, you may have a more or less muscular body than your parents. If you do not get adequate 

nutrition from your diet, you might not reach the height determined by your genes. 

Scientists are still not sure how many of our characteristics are determined by genetics versus 

environment (often called nature versus nurture). For example, a human may have the gene for a certain 

type of cancer, but that gene is often turned on by certain environmental conditions like smoking. So if 

that person develops cancer, was it because of their genes, or because of their environment? What do you 

think? 

 
While reading mark the text in two ways. 1. Underline the author’s claims 2. Circle key terms 
 

C. Reflection Questions 
Answer these questions about the relationship between genetics and the environment. 
1. Give three examples of characteristics that are only determined by genetics. Explain why 

you think genetics is the only cause for each. 

 

 

 

 

2. Give three examples of characteristics that are determined by a mix of genetics 
and environment. Explain why you think both are involved in creating this 
characteristic. 

 

 

 

 

3. Can you think of any characteristics that are determined only by the 
environment? Use evidence to support your answer, whether it is yes or no. 
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Activity 4 

A. Quick Write (2-4 Mins) How do genes affect traits? 

 

 

 

 

 

B. Reading “Punnett Squares” 
 

C. Reflection Questions Complete questions 1-6 at the end of reading. 
 

 

 

 

 

Assessment   

Complete the Baby Lab Activity 

Supplies: pencil or pen, 1 coin any type. 

 

May 2020



www.ck12.org Chapter 1. Punnett Squares

CHAPTER 1 Punnett Squares

Learning Objectives

• Explain a Punnett square.
• Describe how to use a Punnett square for a monohybrid and dihybrid cross.
• Predict genotypes of parents and offspring using a Punnett square.
• Determine phenotypes of offspring using a Punnett square.

What do you get when you cross an apple and an orange?

Though the above fruit may not result, it would be nice to scientifically predict what would result. Predicting the
possible genotypes and phenotypes from a genetic cross is often aided by a Punnett square.

Punnett Squares

A Punnett square is a chart that allows you to easily determine the expected percentage of different genotypes in the
offspring of two parents. An example of a Punnett square for pea plants is shown in the Figure 1.1. In this example,
both parents are heterozygous for flower color (Bb). The gametes produced by the male parent are at the top of
the chart, and the gametes produced by the female parent are along the side. The different possible combinations of
alleles in their offspring are determined by filling in the cells of the Punnett square with the correct letters (alleles).

Predicting Offspring Genotypes

In the cross shown in the Figure 1.1, you can see that one out of four offspring (25 percent) has the genotype BB,
one out of four (25 percent) has the genotype bb, and two out of four (50 percent) have the genotype Bb. These
percentages of genotypes are what you would expect in any cross between two heterozygous parents. Of course,
when just four offspring are produced, the actual percentages of genotypes may vary by chance from the expected
percentages. However, if you considered hundreds of such crosses and thousands of offspring, you would get very
close to the expected results, just like tossing a coin.

1
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FIGURE 1.1
This Punnett square shows a cross be-
tween two heterozygotes, Bb. Do you
know where each letter (allele) in all
four cells comes from? Two pea plants,
both heterozygous for flower color, are
crossed. The offspring will show the dom-
inant purple coloration in a 3:1 ratio. Or,
about 75% of the offspring will be purple.

Predicting Offspring Phenotypes

You can predict the percentages of phenotypes in the offspring of this cross from their genotypes. B is dominant to
b, so offspring with either the BB or Bb genotype will have the purple-flower phenotype. Only offspring with the
bb genotype will have the white-flower phenotype. Therefore, in this cross, you would expect three out of four (75
percent) of the offspring to have purple flowers and one out of four (25 percent) to have white flowers. These are the
same percentages that Mendel got in his first experiment.

Determining Missing Genotypes

A Punnett square can also be used to determine a missing genotype based on the other genotypes involved in a cross.
Suppose you have a parent plant with purple flowers and a parent plant with white flowers. Because the b allele is
recessive, you know that the white-flowered parent must have the genotype bb. The purple-flowered parent, on the
other hand, could have either the BB or the Bb genotype. The Punnett square in the Figure 1.2 shows this cross. The
question marks (?) in the chart could be either B or b alleles.

Can you tell what the genotype of the purple-flowered parent is from the information in the Punnett square? No;
you also need to know the genotypes of the offspring in row 2. What if you found out that two of the four offspring
have white flowers? Now you know that the offspring in the second row must have the bb genotype. One of their
b alleles obviously comes from the white-flowered (bb) parent, because that’s the only allele this parent has. The
other b allele must come from the purple-flowered parent. Therefore, the parent with purple flowers must have the
genotype Bb.

2
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FIGURE 1.2
Punnett Square: Cross Between White-Flowered and Purple-Flowered Pea Plants. This Punnett square shows
a cross between a white-flowered pea plant and a purple-flowered pea plant. Can you fill in the missing alleles?
What do you need to know about the offspring to complete their genotypes?

Punnett Square for Two Characteristics

When you consider more than one characteristic at a time, using a Punnett square is more complicated. This is
because many more combinations of alleles are possible. For example, with two genes each having two alleles, an
individual has four alleles, and these four alleles can occur in 16 different combinations. This is illustrated for pea
plants in the Figure 1.3. In this cross, known as a dihybrid cross, both parents are heterozygous for pod color (Gg)
and pod form (Ff ).

3
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FIGURE 1.3
Punnett Square for Two Characteristics.
This Punnett square represents a cross
between two pea plants that are heterozy-
gous for two characteristics. G represents
the dominant allele for green pod color,
and g represents the recessive allele for
yellow pod color. F represents the dom-
inant allele for full pod form, and f repre-
sents the recessive allele for constricted
pod form.

Summary

• A Punnett square is a chart that allows you to determine the expected percentages of different genotypes in
the offspring of two parents.

• A Punnett square allows the prediction of the percentages of phenotypes in the offspring of a cross from known
genotypes.

• A Punnett square can be used to determine a missing genotype based on the other genotypes involved in a
cross.

Review

1. What is a Punnett square? How is it used?

2. Draw a Punnett square of an Ss x ss cross. The S allele codes for long stems in pea plants and the s allele codes
for short stems. If S is dominant to s, what percentage of the offspring would you expect to have each phenotype?

3. What letter should replace the question marks (?) in this Punnett square? Explain how you know.

4. How do the Punnett squares for a monohybrid cross and a dihybrid cross differ?

5. What are the genotypes of gametes of a AaBb self-pollination?

6. Mendel carried out a dihybrid cross to examine the inheritance of the characteristics for seed color and seed
shape. The dominant allele for yellow seed color is Y, and the recessive allele for green color is y. The dominant
allele for round seeds is R, and the recessive allele for a wrinkled shape is r. The two plants that were crossed were

4
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Introduction 

Baby Lab 

The traits on the following pages are believed to be inherited in the explained manner. Most 

of the traits, however, in this activity were created to illustrate how human heredity works in 

a simplified model and to reinforce basic genetic principles. In actuality, inherited 

characteristics of the face are much more complicated than this activity illustrates. Most of 

these facial characteristics of the face are determined by many genes working together in 

a way geneticists do not yet understand. We hope you will be successful in this very 

important role as parents. 

What would your baby look like if both you and your classmate (who will simulate your 

spouse) have one dominant gene and one recessive gene for each of the facial features 

illustrated in the following pages? In other words, each of you will be heterozygous for each 

trait. To determine the facial appearance of your child, you and your spouse will each flip a 

coin to determine what gene you will contribute to your child. 

Heads = Dominant (uppercase) Tails = Recessive (lowercase) 

1. Record your names, as parents on the attached data sheet.

2. Determine the gender of the child. Heads will be a boy and tails will be a girl.

3. Give your child a name and record the name on your data sheet.

4. Flip the coins to determine which gene of each pair you contribute to the traits of your

child. Each child will have two genes for each trait, one from each parent. You will supply

one gene and your spouse will supply one gene.

5. Record the genetic contributions of each parent on the data chart.

6. When you have determined the genotype of your baby, complete the data analysis.
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Face Shape Round (R) 
 

 

 

Square (r) 
 

 

Chin – Next 3 flips  

Prominence Very Prominent (V) Less Prominent (v) 

Shape – only flip for this 

trait if the chin is very 

prominent. The 

genotype (vv) prevents 

the expression of this 

trait 

Round (R) Square (r) 

Cleft Present (P) Absent (p) 

Skin Color – to determine skin color, assume there are three gene pairs involved. Flip your coins first 

to determine the genotype of the A genes. Then flip the coins again to determine the B 
genes. Flip for the last time to determine the C genes. Each capitol letter represents an 
active allele for pigmentation 

 6 capitols = very, very dark 
brown 

5 capitols = very dark brown 

4 capitols = dark brown 3 capitols = medium brown 

2 capitols = light brown 1 capitol = light tan 

0 capitols = white  
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Hair Type – Next 2 flips 

Hair Texture 
Curly (homozygous dominant C) Wavy (heterozygous) Straight (homozygous recessive c) 

 

 

 

 

 

 

 

 

Widow’s Peak Present (W) Absent (w) 
 

 

 

 

 

 

 

 

Eyebrows – Next 3 flips 

Color 

Very dark(homozygous dominant H) Medium dark (heterozygous) 

 

 
Light (homozygous recessive 
h) 

 

 

 

 

 

 

Thickness Bushy (B) Fine (b) 
 

 

 

 

 
 

Placement Not connected (N) Connected (n) 
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Eyes – Next 6 flips 

Eye Color - Darker eyes are produced in the presence of more active alleles for pigment. In this 

situation, the large letters (A or B) represent alleles which are active in depositing 
dark pigment. Small letters represent alleles which deposit little pigment. 

To determine the color of the eyes, assume there are two gene pairs involved, one 
which codes for depositing pigment in the front of the iris and one which codes for 
depositing pigment in the back of the iris. Determine the genotype of the A genes 
and then the B genes. In actuality, the determination of eye color is much more 
complicated. 

 AABB = Dark Brown AABb = Brown 

AaBB = Brown AaBb = Brown 

AAbb = Dark Blue aaBB = Dark Blue 

Aabb = Light Blue aaBb = Light Blue 

aabb = Pale Blue  

Distance Apart 

Close together (homozygous 
dominant E) 

 

Average distance (heterozygous) 
Far apart (homozygous 
recessive e) 

Size 

Large (homozygous dominant E) 

 

 

 

 

 

 
Shape 

Medium (heterozygous) 

 

 

 

 

 

 
Almond (A) 

Small (homozygous recessive e) 

 

 

 

 

 

 
Round (a) 

 

Slantedness Horizontal (H) Upward slant (h) 

Lashes Long (L) 

 

Short (l 
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Mouth and Lips – Next 3 flips 

Mouth size 
Long (homozygous dominant M) Average (heterozygous) Short (homozygous recessive m) 

 

 

 

 

 

Lip Thickness Thick (L) Thin (l) 
 

 

 

 

 

 

Dimples Present (D) Absent (d) 
 

 

 

 

 

Nose – Next 3 flips 

Size 

Big (homozygous dominant N) Medium (heterozygous) Small (homozygous recessive n) 
 

 

 

 

 

 

 

Shape Rounded (R) Pointed (r) 
 

 

 

 

 

 

 

Nostril Shape Rounded (R) Pointed (r) 
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Ears – Next 4 flips   

Attachment Free earlobe (F) 
 

 
 

Attached earlobe (f) 
 

 
 

Darwin’s Earpoints Present (D) 
 

 
 

Absent (d) 
 

 

 
Ear Pits Present (P) 

 

 
 

Absent (p) 
 

 
 

Hairy Ears – sex limited to males Absent (H) 
 

 

 
 

 

Present (h) 
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Freckles – Next 2 flips   

On Cheeks Present (F) 
Absent 
(f) 

 
On Forehead 

 
Present (F) 

Absent 
(f) 
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Parent 1 

Name 

Baby Lab – Data Table 
Parent 2 

Name Name 

Child’s Name Gender  

Trait Parent 1 gene Parent 2 gene Genotype Phenotype 

Face Shape 

Chin Prominence 

Chin Shape 

Cleft Chin 

Skin Color 

Hair Texture 

Widow’s Peak 

Eyebrow Color 

Eyebrow Thickness 

Eyebrow Placement 

Eye Color 

Eye Distance Apart 

Eye Size 

Eye Shape 

Eye Slantedness 

Eyelashes 

Mouth size 

Lip Thickness 

Dimples 

Nose Size 

Nose Shape 

Nostril Shape 

Earlobe Attachment 

Darwin’s Earpoints 

Ear Pits 

Hairy Ears 

Cheek Freckles 

Forehead Freckles 
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Baby Lab – Data Analysis 

1. Draw and color a picture of your child. 
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