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Chromosomes, coils, and creatures

Genetics for Kids: Module 2

Introduction
DNA is found in the nucleus of a cell in a long, 
loosely coiled form called chromatin. Chromatin 
cannot be seen with a microscope because it is 
too loosely coiled. A chromosome is a strand of chromatin 
that becomes tightly coiled and condensed during cell division. 

Chromosomes are visible under 
a microscope during mitosis (cell 
division) because of the short, fat 
appearance after tightly coiling. 
Walther Flemming, a German scientist, 
was the first man to observe chromosomes 
while studying the division of salamander larvae cells in 1882. 

In this module, students will learn the basic structure of 
chromosomes. Students will build a model of a chromosome to 
understand the packaging of DNA in the nucleus. The module 
aims to dispel the common misperception that the number of 
chromosomes an organism has is correlated with its size, strength, 
and intelligence. Indeed, traits such as intelligence, speed, and size, 
are independent of chromosome number. Students will practice 
sequential thinking and developing hypotheses. 

Relevant Standards of Learning
National Science Education Standards
Life Science, Content Standard C

Structure and function in living systems

•	 Living systems at all levels of organization demonstrate the 
complementary nature of structure and function. Important 
levels of organization for structure and function include 
cells, organs, tissues, organ systems, whole organisms, and 
ecosystems.

•	 All organisms are composed of cells–the fundamental unit of 
life. Most organisms are single cells; other organisms, including 
humans, are multicellular.

•	 Cells carry on the many functions needed to sustain life. They 
grow and divide, thereby producing more cells.

•	 Hereditary information is contained in genes, located in the 
chromosomes of each cell. Each gene carries a single unit 
of information. An inherited trait of an individual can be 
determined by one or by many genes, and a single gene can 
influence more than one trait. A human cell contains many 
thousands of different genes.
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Learning  
Objectives  

99 Recognize that DNA is found 
in the nucleus of the cell

99 Understand that DNA in the 
form of chromatin is present 
in the nucleus of the cell

99 Identify chromosomes as 
structures formed from 
chromatin that are visible 
when the cell is dividing 
during mitosis

99 Recognize that chromosomes 
consist of a single DNA 
molecule and its associated 
proteins

99 Understand that different 
types of organisms have 
differing numbers of 
chromosomes

Prior Knowledge 
To complete this module, students 
should already be able to: 

99 Understand that organisms are 
made of cells

99 Recall that the nucleus is the 
control center of the cell and 
contains the cell’s genetic 
material

99 Recognize that chromosomes 
and chromatin are forms of DNA
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Diploid number 
is usually written 
in this form:  
2n = number of 
chromosomes

New York State Intermediate Science Standards (Grades 5 - 8)
Standard 4: The Living Environment

Major Understandings

•	 1.1b: The way in which cells function is similar in all living things. Cells grow and divide, producing 
more cells. Cells take in nutrients, which they use to provide energy for the work that cells do and to 
make the materials that a cell or an organism needs.

•	 1.1c: Most cells have cell membranes, genetic material, and cytoplasm. Some cells have a cell wall and/
or chloroplasts. Many cells have a nucleus.

•	 2.1a: Hereditary information is contained in genes. Genes are composed of DNA that makes up the 
chromosomes of cells. 

•	 2.1c: Each human cell contains a copy of all the genes needed to produce a human being.

Background 

Deoxyribonucleic acid (DNA) contains the genetic instructions for the development and functioning of all 

living organisms. DNA is found in the nucleus of a cell in two different forms, depending on whether or 

not the cell is going through mitosis (cell division). When a cell is not going through mitosis, DNA is in a 

long, loosely coiled form called chromatin. Chromatin includes DNA and its associated proteins. Chromatin 

cannot be seen with a microscope because of its loosely coiled state. During mitosis (cell division), 

chromatin becomes tightly coiled. A tightly coiled strand of chromatin is known as a chromosome. Because 

chromosomes are shorter and fatter (more condensed) than chromatin, they can be seen with a microscope. 

Most organisms 

have a 

characteristic 

number of 

chromosomes 

in their cells. 

For organisms 

that sexually 

reproduce, the  

characteristic 

number of 

chromosomes is 

called the diploid number. Diploid means two or double. Humans are diploid, 

meaning there are two copies of each chromosome in each cell. A child inherits 

half of her chromosomes from her father and half from her mother during 

reproduction, so each parent passes 23 chromosomes to the child. Two inherited 

chromosomes with the same genes (one chromosome from the mother and one 

chromosome from the father) form homologous pairs. Humans have  

46 chromosomes, meaning humans have 23 homologous pairs. Therefore, the 

diploid number for humans is written 2n = 46.

Table 1 – Chromatin and chromosomes

Chromatin Chromosomes

Made of DNA and its associated proteins. Made of DNA and its associated proteins.

DNA strands are long and loosely coiled 
around proteins. Chromatin is string-like.

DNA strands are condensed and tightly 
coiled around proteins. Chromosomes are 
short and fat.

Found in the nucleus when a cell is not 
going through mitosis (cell division).

Formed by chromatin when a cell is 
going through mitosis (cell division).

Not visible with a microscope. Visible with a microscope.
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Scientists study chromosomes to determine whether an organism is male or female, whether the organism 

has certain health conditions, and the biological classification of an organism. Determining the biological 

classification of an organism means to determine whether and how closely the organism is related to 

another organism. However, diploid number is not an accurate indicator of an organism’s intelligence, speed, 

or size. For example, humans have 46 chromosomes (see Teacher Note 1) while the common potato has 48. 

Vocabulary
1.	 Chromatin: A loosely coiled genetic material, including DNA and proteins, which forms chromosomes.

2.	 Chromosome: A single molecule of DNA and its associated proteins, which condense and become visible 
during mitosis. Chromosomes determine traits including gender, hair color, and eye color.

3.	 Deoxyribonucleic acid (DNA): A hereditary material that contains instructions for making proteins used in 
the body.

4.	 Diploid number: An organism’s characteristic number of chromosomes. For humans, the diploid number 
is written as 2n = 46. For an organism with 8 chromosomes, the diploid number is written as 2n = 8. 

5.	 Mitosis: The process during which a cell duplicates and splits into two identical cells, unless changes have 
occurred to the chromosomes during the process. 

6.	 Nucleus: Cell organelle, surrounded by a lipid bilayer that controls the function of the cell and contains 
most of the cell’s DNA. 

7.	 Protein: A molecule that the body needs to build and repair body parts and control bodily functions. 
Proteins in the nucleus help tightly coil DNA into chromosomes.

Materials List 
Before you begin, ensure that you 
have all of the items necessary to 
complete the module. 

99 Student Handout 

99 Colored pencils

99 Extra paper

99 String

99 Pipe cleaners

99 Model nucleus

Procedure 

Day of the Lesson

1.	 Students should be seated at their desks.

Inform students that in today’s module, they will learn about 
the basic structure of chromosomes and chromatin and how 
DNA is packed in the nucleus of cells. 

2.	 Distribute a Student Handout to 
	 each student.

3.	 Instruct students to read  
	 Part I: Introduction. 

Ask students to silently read Part 

I: Introduction on the Student Handout. Provide students with enough 
time to read the introduction. Circulate around the room as students read. 
Redirect students with questions, and check for comprehension, as needed. 

4.	 Emphasize key points from Part I: Introduction.

When all students are finished reading, address any questions that students may have about 
chromosomes and chromatin. 
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Emphasize the following key points:

¬¬ Chromatin is made of DNA and protein. Chromatin is found in the nucleus of the cell when the cell is 
“at rest,” or not going through mitosis. Chromatin is loosely coiled and invisible under a microscope. 

¬¬ Chromosomes are made up of the same DNA and protein as chromatin. Chromosomes are found 
in the nucleus of the cell when the cell is dividing, or going through mitosis. Chromosomes differ 
from chromatin because chromosomes are tightly coiled. The tight coiling makes the chromosomes 
appear short and fat so that the chromosomes are visible under a microscope. 

¬¬ Different organisms have different diploid numbers. 

5.	 Check students’ understanding of Part I: Introduction.

After you have emphasized the key points of Part I: Introduction, ask students the following questions:

¬¬ What are both chromatin and chromosomes made of? 

¬¬ When are chromosomes found in a cell? 

¬¬ When and where is chromatin found in a cell?

¬¬ What is a diploid number? 

After discussing the above questions, allow students a few moments to record their answers in the 
“Check your understanding” box.

6.	 Introduce Part III: Activities.

Introduce Activity 1: Chromosome contest. 

Inform students that by using pipe cleaners and string, they will model the way in which chromosomes 
condense during mitosis. Students will compete to create the smallest structure possible, just as 
chromosomes condense as tightly as possible. Students will use a 20 cm piece of string (the DNA) and a 5 
cm piece of pipe cleaner (the protein). Each student will create her own chromosome.

7.	 Measure and compare the chromosomes.

Once students have created and measured their chromosomes, have students line up the chromosomes 
from largest to smallest and create pairs. 

Students enjoy seeing each other’s designs and determining which chromosomes they think are the 
smallest. Some chromosomes will be very close in length, and you can determine a fair judging method.

8.	 Use a model nucleus to illustrate how chromosomes are packaged in the nucleus during mitosis. 

Inform students that they will each create one chromosome to model the way in which chromosomes coil 
tightly to fit in the nucleus. Show students the small model nucleus. The diploid number for the activity 
will be equal to the number of students in the class. If you have an odd number of students, you should 
contribute one chromosome so that the class creature has an even diploid number. Ask students to 
determine the diploid number for the organism from the number of chromosomes created by the class. 

Collect one chromosome from each student and place the chromosomes in the model nucleus. While you 
are collecting chromosomes, ask students to work on the following questions:

¬¬ Do you think all of the chromosomes will fit in the nucleus? Why or why not?

¬¬ There is approximately 6 feet 8 inches of DNA in a single human cell. How much “DNA” is in a cell of 
the organism with the chromosomes the class created?

 4
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Display the nucleus with 
all of the chromosomes 
to the class. Did all of the 
chromosomes fit? Why or 
why not? Emphasize that 
the nucleus used in the 
activity is approximately 
50,000 times of times 
larger than the nucleus in 
human cells. 

9.	 Introduce Activity 2: Do you have more chromosomes than a potato? 

Explain to the students that they have just modeled the way that chromatin coils tightly during mitosis 
to create chromosomes. Organisms have varying numbers of chromosomes. Each type of organism (or 
species) has a typical number of chromosomes, called the diploid number. 

Begin Activity 2 by asking the students, “Do you have more chromosomes than a potato?”

10.	 Instruct students to write a hypothesis about their answer to the question, “Do you have more  
	 chromosomes than a potato?”

Explain to the students that the hypothesis should address the relationship between the diploid number 
of an organism and the intelligence of an organism. If students are having a difficult time, rephrase the 
question, “Do you think intelligent organisms have more chromosomes than less intelligent organisms?”

Give students enough time to write thoughtfully and to provide the reasoning behind their hypotheses. 
Encourage students to write their hypothesis so that it is testable, meaning it should clearly state the 
expected outcome of the experiment (see Teacher Note 2).

11.	Read the instructions for Activity 2: Do you have more chromosomes than a potato? together with the
	 class and instruct students to complete the 
	 initial ranking for the organisms. 

Explain the concept of ranking to get students 
started. You may want to give an example, such as 
ranking your most favorite to least favorite foods. 

Next, direct students to Table 2 in the Student 
Handout and explain that the column, “My initial 
ranking,” is for their initial ranking based on their 
hypothesis. The column, “My final ranking,” is for 
their final ranking, which students will develop 
after learning a fact about the diploid number of 
a fern. 

Instruct students to rank the organisms from the 
largest diploid number to the smallest diploid 
number, based on their hypothesis. Rank the 
organism with the largest diploid number as 1  
and the organism with the smallest diploid 
number as 6. 

Encourage students to discuss their hypotheses and 
organism rankings with their classmates. 

Calculate the length of DNA (string) in the model nucleus

•	 20 cm = 7.8 inches

•	 7.8 inches x number of chromosomes in the nucleus = _______ inches

•	 Divide the answer for the length of DNA in inches by 12 to get the 
length of DNA in feet.
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This Table 2 is different from Table 2 in the Student Handout. Table 2 has an additional column with the 
correct diploid number so that you can provide students with the correct answers.

12.	Provide a fact about diploid numbers and allow students to determine the final ranking for the organisms.

Inform students that the fern, Ophioglossum reticulatum, has the highest known diploid number of all 
organisms with 1,200 to 1,260 chromosomes.  Instruct students to revise the ranking of their organisms 
based on the information about the diploid number of the fern.

Allow students a few minutes to rank the organisms. 

13.	Provide students with the actual ranking of the organisms and the correct diploid number.

Once students have completed their final rankings, use Table 2 above to reveal the actual ranking and 
diploid number for each organism (see Teacher Note 3).

14.	Discuss student hypotheses.

Ask students which organisms surprised them the most.

¬¬ Were their hypotheses correct or incorrect? 

¬¬ Does an intelligent organism necessarily have a larger diploid number than one that does not have a 
brain? How do we know?

No, an intelligent organism does not necessarily have a larger diploid number than one that does 
not have a brain. We can tell this by looking at Table 2. Although potatoes have a larger diploid 
number than humans, potatoes have no brain at all. 

¬¬ Which of the organisms that we looked at have the largest diploid number? Lowest? Where are 
humans in terms of diploid number?

Potatoes and dogs have the largest diploid number. Kangaroos and Alligators have the lowest 
diploid number. Humans are in the middle (see Teacher Note 1). 

¬¬ What can we tell about the relationship between diploid number and intelligence from the 
information we used? 

A high diploid number does not mean greater intelligence.
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Table 2 – Organisms ranked by chromosome number

Organism
My initial 
ranking

My final 
ranking

The actual 
ranking

Correct diploid 
number 

Human 3 46

Alligator (Yellow throated) 5 32

Dolphin (Bottlenose) 4 44

Potato (commercial) 2 48

Dog 1 78

Kangaroo (Western gray) 6 16
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15.	 Introduce Activity 3: Create your creature.

Instruct students to read the directions to “Create your creature” on the Student Handout (see Teacher 
Note 4). Students will use what they learned about chromosome number and organism intelligence in 
Activity 2: Do you have more chromosomes than a potato? to determine and justify an appropriate 
diploid number for their creature.

Tell the students that the only thing known about the creature is that the average DNA length (when 
the DNA is stretched out) is 20 cm long.

Provide students with colored pencils to create their creature.

You may provide students with guidelines that directly relate the activity to the ranking table in Activity 
2 to reinforce the concept that the diploid number does not determine intelligence, speed, or size. For 
example, ask students to create and determine diploid number for:

¬¬ A creature that can jump higher than a kangaroo

¬¬ A swamp creature that can camouflage better than an alligator

¬¬ An ocean mammal that is more intelligent than a dolphin 

As students design their creatures, circulate around the room and prompt their thinking. Ask students 
questions such as:

¬¬ In what type of habitat does your creature live?

¬¬ How does your creature get its food?

¬¬ What does it eat?

¬¬ Does your creature have unusual features that help it survive?

¬¬ Will labeling interesting functions of your creature help viewers understand it?

16.	Lead a closing class discussion about the module’s activities. 

Discuss student observations about the module’s activities, including:

¬¬ What methods did and did not work when students coiled chromosomes? 

¬¬ Why the class chromosomes did or did not fit in the model nucleus?

¬¬ What is the relationship between the diploid number and intelligence?

¬¬ What justifications did students use for picking the diploid number for the creature they created?
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Extension Lesson 
Diploid Number Bar Graph

Students can create a bar graph of the diploid numbers of the organisms in Activity 2: Do you have more 
chromosomes than a potato? You can easily increase the difficulty of the graphs by adding additional 
organisms. Have the students first organize the organisms by ordering them from largest number to 
smallest number of chromosomes. Students can also find additional ways to organize or design their 
graphs to improve rapid comprehension by the viewer, such as color coding the bars according to whether 
organisms are plants or animals, consumers or producers, terrestrial or aquatic, reptiles or mammals.

Activity 3 Modification

Create a creature that may be modified once students have a more firm grasp on traits and heredity. 
Students can create an organism and then identify or create the types of genes that would be necessary to 
give their organism its unique characteristics.

Teacher Notes 
1.	 Some human cells do not have 46 chromosomes. For example, a red blood cell loses its nucleus as it 

matures, so it has no DNA. Red blood cells are made in bone marrow and do not reproduce, so they have 
no need for DNA instructions for new cells. Sperm and egg cells contain 23 chromosomes so that when 
the genetic materials combine in the zygote, the result is the correct human number of 46 chromosomes.

2.	 A good hypothesis is testable, and states very clearly the expected outcome of the experiment. For 
example, it is easier to evaluate the outcome of an experiment with the hypothesis, “I expect the bleach 
to stain the pants,” rather than “I expect something will happen when I pour bleach on the pants.” 
Conclusions can be drawn from each, but the first hypothesis makes it easier to determine whether or not 
the hypothesis is supported by the data. It is important to note that unsupported hypotheses can be just 
as helpful as supported hypotheses.

3.	 If you have time, you may consider showing students more pictures of organisms and their chromosome 
numbers, or have the students complete a bar graph comparing chromosome numbers (see Extension 
Lesson –Diploid Number Bar Graph).

4.	 Encourage creativity! Allowing students to work in groups in a relaxed, semi-structured manner is one 
way to have them complete their creatures.

Additional Resources 
1.	 Rutgers University. This website provides chromosome numbers for different species. 

http://morgan.rutgers.edu/morganwebframes/level1/page2/ChromNum.html

2.	 Scitable, DNA Packaging: Nucleosomes and Chromatin. This is a freely available science discussion about 
how DNA is packaged and condensed. 
http://www.nature.com/scitable/topicpage/dna-packaging-nucleosomes-and-chromatin-310

3.	 University of Utah, Learn Genetics. This website provides background information, slideshows, activities, 
and videos on the topics of chromosomes, heredity, and traits for teachers, students, and parents.  
http://learn.genetics.utah.edu/content/begin/traits/
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Part I: Introduction 
The characteristics of all living organisms are determined by their deoxyribonucleic acid (DNA). 
DNA contains the genetic instructions that determine the development and function of all living 
organisms. Instructions for the basic characteristics of the human body, for example, are determined 
by DNA. The color of your eyes and skin, and the color and texture of your hair are all determined by 
your DNA.   

DNA is located in the nucleus of cells in all living organisms.  There are two forms of DNA found in 
a cell depending on whether or not a cell is going through mitosis (cell division). When a cell is “at 
rest” it is not going through mitosis. When the cell is at rest, the DNA located in the nucleus of the 
cell is called chromatin. Chromatin is DNA that is loosely coiled around proteins. Protein is a molecule 
found in the body that creates our body structure and controls bodily functions. The total length of 
chromatin in each cell has been estimated to be approximately 2 meters, or 6 feet 8 inches. 

Chromosomes are formed from chromatin during mitosis (cell division). When a cell is going through 
mitosis, DNA coils tightly around proteins located in the nucleus. These condensed strands of DNA 
and proteins are chromosomes. Chromosomes look short and fat and, because they are fatter, 
they can be seen with a light microscope. Both chromosomes and chromatin are made of DNA and 
associated proteins.

Image 1: Animal cell with chromatin in the nucleus. This cell is not going through mitosis.
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Image 2: Chromatin folding into a tightly coiled chromosome. 
The process occurs in the nucleus during mitosis.

Scientists study chromosomes to determine an organism’s characteristics. 
For organisms that sexually reproduce, the characteristic chromosome 
number is called the diploid number. The diploid number for humans 
is written as 2n = 46. The diploid number for an organism with 8 
chromosomes is written as 2n = 8. By studying chromosomes, and knowing 
an organism’s diploid number, scientists can determine whether an 
organism is 1) male or female, 2) has certain health conditions and/or 3) is 
related to another organism.  

In today’s module, you will you will explore whether the diploid number can determine an organism’s 
intelligence, speed, or size. You will illustrate the relationship between diploid number and 
intelligence, speed, and size by creating a creature and determining your creature’s traits. You will 
also model the process of chromatin condensing during mitosis to form chromosomes.

Table 1 – Chromatin and chromosomes

Chromatin Chromosomes

Made of DNA and its associated proteins. Made of DNA and its associated proteins.

DNA strands are long and loosely coiled around 
proteins. Chromatin is string-like.

DNA strands are condensed and tightly coiled 
around proteins. Chromosomes are short and fat.

Found in the nucleus when a cell is not going 
through mitosis (cell division).

Formed by chromatin when a cell is going 
through mitosis (cell division).

Not visible with a microscope. Visible with a microscope.

Diploid number 
is usually written 
in this form:  
2n = number of 
chromosomes
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Part III: Activities 
Activity 1: Chromosome contest

As you learned in the introduction, chromatin are long, loosely coiled threads of DNA and proteins. 
When a cell is going through mitosis (cell division), chromatin wraps tightly around its proteins in the 
nucleus. The condensed strands of chromatin are chromosomes. Chromosomes look fatter and shorter 
than chromatin.

You will compete against your classmates to model the way in which chromatin condenses to form 
chromosomes during mitosis. You will take your chromatin, made up of a DNA that is 20 cm long, and 
protein, which is 5 cm long, and condense it. 

How can this be done? 

By coiling! 

Part II: Vocabulary
1.	 Chromatin: A loosely coiled genetic material, including DNA and proteins, which forms chromosomes. 

2.	 Chromosome: A single molecule of DNA and its associated proteins which condense and become 
visible during mitosis. Chromosomes determine traits, including gender, hair color, and eye color.

3.	 Deoxyribonucleic acid (DNA): Contains the genetic instructions used in the development and 
functioning of all living organisms.

4.	 Diploid number: An organism’s characteristic number of chromosomes. For humans, diploid number is 
written as 2n = 46. For an organism with 8 chromosomes, diploid number is written as 2n = 8. 

5.	 Mitosis: The process during which a cell duplicates and splits into two identical cells. 

6.	 Nucleus: Contains the cell’s genetic material and is the control center of the cell.

7.	 Protein: A molecule that the body needs to build and repair body parts and control bodily functions. 
Proteins in the nucleus help tightly coil DNA into chromosomes.

Check your understanding:

1.	 What are chromatin and chromosomes made of? ________________________________________________

2.	 When and where are chromosomes found in a cell? _____________________________________________ 

3.	 When and where is chromatin found in a cell? ___________________________________________________

4.	 What is a diploid number? _________________________________________________________________________

________________________________________________________________________________________________________
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Using your chromatin 
(string and pipe cleaner), 
try to make the smallest 
possible chromosome.

As a class, organize all of 
the chromosomes in order 
from largest to smallest. 
Once you have completed the task, separate the chromosomes in pairs. 

How many chromosomes did the class create? ___________________

If the above number of chromosomes represented an organism, what is the diploid number of that 
organism? 2n = ___________________

Activity 2: Do you have more chromosomes than a potato? 

Not all organisms have the same diploid number. 

Does an organism’s diploid number relate to how smart the organism is? Write a hypothesis about 
the relationship between an organism’s diploid number and how smart that organism is. Explain 
your reasoning.

My hypothesis: 

Testing your hypothesis

Based on your hypothesis, rank the following organisms in order of the largest diploid number to the 
smallest diploid number. If you think humans have the largest diploid number, the ranking for humans 
would be 1.

1.	 Was your hypothesis correct or incorrect? Why or why not? 

Length of your final chromosome: _____________ cm

Length of the smallest chromosome in the class: _____________ cm

Length of the largest chromosome in the class: _____________ cm

Table 2 – Organisms ranked by chromosome number

Organism My initial ranking My final ranking The actual ranking

Human

Alligator (Yellow throated)

Dolphin (Bottlenose)

Potato (commercial)

Dog

Kangaroo (Western gray)
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2.	 Does an intelligent organism necessarily have a higher diploid number than one that is less 
intelligent?

3.	 Which of the organisms that we looked at have the highest diploid number? Lowest? What is the 
diploid number for most humans?

Activity 3: Create your creature.

In this activity, you will create a creature. You can determine your creature’s habitat, diploid number, 
and all of your creature’s traits. 

The only thing known about your creature is that the average DNA length (when the DNA is stretched 
out) is 20 cm long. Remember, in Activity 1: Chromosome contest, we modeled the way chromatin 
tightly coils during mitosis to form chromosomes. 

Draw a picture of your creature in the box below. Give it a name, and determine its diploid number. 
Diploid numbers are usually even numbers. Write your creature’s diploid number using correct 
notation (2n = “number of chromosomes”).

1.	 Your creature’s name: ___________________________________________

2.	 What is your creature’s diploid number? _________________

Draw your creature here:
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Part IV: Conclusion questions
1.	 What are chromosomes? Where are they found?

2.	 What is a diploid number? Can a diploid number tell you if one species is more intelligent than 
another? Explain your answer.

3.	 Can you think of any reasons why scientists might want to look at chromosomes? Provide some 
examples. 

Part V: Notes
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Chromosomes, coils, and creatures

Part I: Introduction 
The characteristics of all living organisms are determined by their deoxyribonucleic acid (DNA). 
DNA contains the genetic instructions that determine the development and function of all living 
organisms. Instructions for the basic characteristics of the human body, for example, are determined 
by DNA. The color of your eyes and skin, and the color and texture of your hair are all determined by 
your DNA.   

DNA is located in the nucleus of cells in all living organisms.  There are two forms of DNA found in 
a cell depending on whether or not a cell is going through mitosis (cell division). When a cell is “at 
rest” it is not going through mitosis. When the cell is at rest, the DNA located in the nucleus of the 
cell is called chromatin. Chromatin is DNA that is loosely coiled around proteins. Protein is a molecule 
found in the body that creates our body structure and controls bodily functions. The total length of 
chromatin in each cell has been estimated to be approximately 2 meters, or 6 feet 8 inches. 

Chromosomes are formed from chromatin during mitosis (cell division). When a cell is going through 
mitosis, DNA coils tightly around proteins located in the nucleus. These condensed strands of DNA 
and proteins are chromosomes. Chromosomes look short and fat and, because they are fatter, 
they can be seen with a light microscope. Both chromosomes and chromatin are made of DNA and 
associated proteins.

Image 1: Animal cell with chromatin in the nucleus. This cell is not going through mitosis.
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Image 2: Chromatin folding into a tightly coiled chromosome. 
The process occurs in the nucleus during mitosis.

Scientists study chromosomes to determine an organism’s characteristics. 
For organisms that sexually reproduce, the characteristic chromosome 
number is called the diploid number. The diploid number for humans 
is written as 2n = 46. The diploid number for an organism with 8 
chromosomes is written as 2n = 8. By studying chromosomes, and knowing 
an organism’s diploid number, scientists can determine whether an 
organism is 1) male or female, 2) has certain health conditions and/or 3) is 
related to another organism.  

In today’s module, you will you will explore whether the diploid number can determine an organism’s 
intelligence, speed, or size. You will illustrate the relationship between diploid number and 
intelligence, speed, and size by creating a creature and determining your creature’s traits. You will 
also model the process of chromatin condensing during mitosis to form chromosomes.

Table 1 – Chromatin and chromosomes

Chromatin Chromosomes

Made of DNA and its associated proteins. Made of DNA and its associated proteins.

DNA strands are long and loosely coiled around 
proteins. Chromatin is string-like.

DNA strands are condensed and tightly coiled 
around proteins. Chromosomes are short and fat.

Found in the nucleus when a cell is not going 
through mitosis (cell division).

Formed by chromatin when a cell is going 
through mitosis (cell division).

Not visible with a microscope. Visible with a microscope.

Diploid number 
is usually written 
in this form:  
2n = number of 
chromosomes
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Part III: Activities 
Activity 1: Chromosome contest

As you learned in the introduction, chromatin are long, loosely coiled threads of DNA and proteins. 
When a cell is going through mitosis (cell division), chromatin wraps tightly around its proteins in the 
nucleus. The condensed strands of chromatin are chromosomes. Chromosomes look fatter and shorter 
than chromatin.

You will compete against your classmates to model the way in which chromatin condenses to form 
chromosomes during mitosis. You will take your chromatin, made up of a DNA that is 20 cm long, and 
protein, which is 5 cm long, and condense it. 

How can this be done? 

By coiling! 

Part II: Vocabulary
1.	 Chromatin: A loosely coiled genetic material, including DNA and proteins, which forms chromosomes. 

2.	 Chromosome: A single molecule of DNA and its associated proteins which condense and become 
visible during mitosis. Chromosomes determine traits, including gender, hair color, and eye color.

3.	 Deoxyribonucleic acid (DNA): Contains the genetic instructions used in the development and 
functioning of all living organisms.

4.	 Diploid number: An organism’s characteristic number of chromosomes. For humans, diploid number is 
written as 2n = 46. For an organism with 8 chromosomes, diploid number is written as 2n = 8. 

5.	 Mitosis: The process during which a cell duplicates and splits into two identical cells. 

6.	 Nucleus: Contains the cell’s genetic material and is the control center of the cell.

7.	 Protein: A molecule that the body needs to build and repair body parts and control bodily functions. 
Proteins in the nucleus help tightly coil DNA into chromosomes.

Check your understanding:

1.	 What are chromatin and chromosomes made of? 

2.	 When and where are chromosomes found in a cell? 

3.	 When and where is chromatin found in a cell? 

4.	 What is a diploid number?

The diploid number is an organism’s characteristic number of chromosomes,  
written 2n = number of chromosomes.

Chromosomes are found in the 
nucleus during mitosis.

Chromatin is found in the 
nucleus when the cell is at rest. 

Chromatin and chromosomes 
are made of DNA and protein.
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Using your chromatin 
(string and pipe cleaner), 
try to make the smallest 
possible chromosome.

As a class, organize all of 
the chromosomes in order 
from largest to smallest. 
Once you have completed the task, separate the chromosomes in pairs. 

How many chromosomes did the class create? ___________________

If the above number of chromosomes represented an organism, what is the diploid number of that 
organism? 2n = ___________________

Activity 2: Do you have more chromosomes than a potato? 

Not all organisms have the same diploid number. 

Does an organism’s diploid number relate to how smart the organism is? Write a hypothesis about 
the relationship between an organism’s diploid number and how smart that organism is. Explain 
your reasoning.

My hypothesis:       The answer to this question will vary for each student. 

Testing your hypothesis

Based on your hypothesis, rank the following organisms in order of the largest diploid number to the 
smallest diploid number. If you think humans have the largest diploid number, the ranking for humans 
would be 1.

1.	 Was your hypothesis correct or incorrect? Why or why not? 

Evaluate this question based on each hypothesis. The hypothesis is only correct if students stated 
that they believed there was no connection between chromosome number and intelligence.

Length of your final chromosome: _____________ cm

Length of the smallest chromosome in the class: _____________ cm

Length of the largest chromosome in the class: _____________ cm

Table 2 – Organisms ranked by chromosome number

Organism My initial ranking My final ranking The actual ranking

Human

Alligator (Yellow throated)

Dolphin (Bottlenose)

Potato (commercial)

Dog

Kangaroo (Western gray)
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2.	 Does an intelligent organism necessarily have a higher diploid number than one that is less 
intelligent?

No, an intelligent organism does not have a higher diploid number than one that does not have a 
brain. Humans have 46 chromosomes, but potatoes, which have no brain have 48 chromosomes.

3.	 Which of the organisms that we looked at have the highest diploid number? Lowest? What is the 
diploid number for most humans?

Dogs have the highest diploid number and the alligator has the lowest diploid number. Humans 
diploid number is 46 (2n = 46).

Activity 3: Create your creature.

In this activity, you will create a creature. You can determine your creature’s habitat, diploid number, 
and all of your creature’s traits. 

The only thing known about your creature is that the average DNA length (when the DNA is stretched 
out) is 20 cm long. Remember, in Activity 1: Chromosome contest, we modeled the way chromatin 
tightly coils during mitosis to form chromosomes. 

Draw a picture of your creature in the box below. Give it a name, and determine its diploid number. 
Diploid numbers are usually even numbers. Write your creature’s diploid number using correct 
notation (2n = “number of chromosomes”).

1.	 Your creature’s name:      The answer to this question will vary for each student. 

2.	 What is your creature’s diploid number?      The answer to this question will vary for each student. 

Draw your creature here:
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Part V: Notes

Part IV: Conclusion questions
1.	 What are chromosomes? Where are they found?

Chromosomes are made of DNA and protein that is tightly coiled. Chromosomes coil tightly 
during mitosis and are in the nucleus of the cell. Chromosomes determine traits.

2.	 What is a diploid number? Can a diploid number tell you if one species is more intelligent than 
another? Explain your answer.

A diploid number is an organism’s characteristic number of chromosomes, written 2n = number of 
chromosomes. The diploid number cannot tell you if one species is more intelligent than another. 
Humans are more intelligent than potatoes, but potatoes have 48 chromosomes.

3.	 Can you think of any reasons why scientists might want to look at chromosomes? Provide some 
examples. 

Scientists may want to look at chromosomes determine an organism’s characteristics, the sex 
of the organism, the health condition of the organism, and whether an organism is related to 
another organism.
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