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	Learning Set 3: How Does Monique’s Family Affect Her Diabetes?



	
	Unit Driving Question:
What controls my health?

Sub-Driving Question:
How does Monique’s family affect her diabetes?



	
	Materials List
· Computer
· Markers
· Materials for bead activity (for each group) 
· 3 cups labeled Mom, Dad, Child
· 12 beads: 8 black, 2 blue, 1 yellow, 1 red
· Inheritance chart instructions
· Inheritance chart handout
· Pedigree chart 
· Lesson 1 Reading 1
· Lesson 1 Reading 2
· My Diabetes Modeling Chart Student Version in Learning Set 1(not filled in) Teacher Version in Learning Set 1 (filled in)

Assessments 


·  Learning Set Level Assessment and Teacher Rubric- See Assessment Resource Folder 

	
	Suggested lesson time
4 days







Preparation 
(Optional - for extension activity): Construct a class data chart for tongue rolling and arm span.
(Optional - for extension activity): An Inventory of My Traits
Student Materials:
1. Inheritance chart instructions
2. Inheritance chart handout
3. Pedigree chart 
4. Lesson 1 Reading 1
5. Lesson 1 Reading 2

	Framing the Learning Set



Purpose
The purpose of this learning set is for students to figure out the genetic mechanism that underlies the inheritance of traits. Then, the class will continue to develop the model regarding Monique’s diabetes and further investigate the Driving Question: What controls my health? 

Learning Set Learning Goals (For instructional use)
· The students use models to explain/predict how patterns of inheritance can affect variation in the inheritance of diabetes. 
· The students construct an explanation about how genetic factors affect our traits.
· The students develop a model to connect their understanding of the inheritance of traits within families with risk for diabetes. 

Color code: Scientific Practice, Crosscutting Concept, Disciplinary Core Idea

Building Coherence - Storyline
In this learning set, students investigate the importance of inheritance and the genetic mechanism that underlie Monique’s health. Students act as genetic counselors and help Monique understand how she can be the only one in her family who has diabetes. They collect and analyze data and use hands-on simulations to answer some of the questions generated in Learning Set 1. The students also work in teams to revisit their model and add components related to the genetic mechanism of inheritance.

	Overview of the Learning Set



	Instructional sequence overview
	What students figure out (DCI) 
	Days 

	Lesson 1: How can genetic factors of diabetes be inherited? 
The students use beads and cups to simulate the inheritance of risk factors for diabetes. Students identify the offspring as having high, medium, or low risk of diabetes based on the number and type of risk factors inherited during the simulation.
	In sexually reproducing organisms, each parent contributes half of the genes* acquired (at random) by the offspring. (LS3.B: Variation of Traits) 

*Genes are not addressed in lesson 2 but they will be address in the next lesson
	2 day

	Lesson 2: Modeling - Why does Monique have diabetes?
The students revise their models and add the effect of genetic factors on Monique’s diabetes. Then, they share their models with the whole class, discuss similarities and differences among the components of their models, and evaluate the relationships presented.
	Variations of inherited traits between parent and offspring arise from genetic differences that result from the subset of chromosomes (and therefore genes) inherited.
(LS3.A: Inheritance of Traits)

In sexually reproducing organisms, each parent contributes half of the genes acquired (at random) by the offspring. Individuals have two of each chromosome and hence two alleles of each gene, one acquired from each parent. These versions may be identical or may differ from each other.
(LS3.B: Variation of Traits) 
	½ day

	End of Learning Set Assessment- Google Forms
	½ class hour

	Optional Extension Activity How can genetic factors influence our traits? 
The students collect data on tongue rolling and arm span. They use this data to explore what genes are and how they work.
	Genes are located in the chromosomes of cells, with each chromosome pair containing two variants of each of many distinct genes. Each distinct gene chiefly controls the production of a specific protein, which in turn affects the traits of the individual (e.g., human skin color results from the actions of proteins that control the production of the pigment melanin). Changes (mutations) to genes can result in changes to proteins, which can affect the structures and functions of the organism and thereby change traits.
(LS3.A: Inheritance of Traits)

Take home message: 
Diabetes is inherited from parents through genes that are passed onto offspring. Genes are the instructions for proteins that make up the pancreas and insulin.
	1 day



	NGSS Connection to Assessment



	Target Performance Expectations
MS-LS3-1. Develop and use a model to describe why structural changes to genes (mutations) located on chromosomes may affect proteins and may result in harmful, beneficial, or neutral effects to the structure and function of the organism.

MS-LS3-2. Develop and use a model to describe why asexual reproduction results in offspring with identical genetic information* sexual reproduction results in offspring with genetic variation.

* Grayed items will not be discussed in this learning set

	Learning Performance for the learning set to be assessed 
Students construct a scientific explanation of how inherited traits influence growth and health/development of organisms.

Students use a model to explain that genetic material from each biological parent contributes to differences in genetic factors of offspring. 

	Disciplinary core idea 
	Science and engineering practices
	Crosscutting concepts

	[bookmark: _61hhxs2fgi8l]LS3.A: Inheritance of Traits

[bookmark: _5qyrro75u5xj]LS3.B: Variation of Traits

	Developing and Using Models
· Develop and use a model to describe phenomena.

Constructing an explanation 
· Construct an explanation using models or representations. 
	Patterns
· Patterns can be used to identify cause and effect relationships. 
· Macroscopic patterns are related to the nature of microscopic and atomic-level structure. 

Cause and effect
· Cause and effect relationships may be used to predict phenomena in natural or designed systems.




	How these elements are integrated and embedded in this learning set 
In this learning set, students will use a model to predict how patterns of inheritance can affect variation in the inheritance of diabetes. Students will use this data to develop models to explain how these patterns of inheritance can cause the variation of diabetes in Monique and her family members. As an extension, students can also collect data on tongue rolling and arm span to further figure out the mechanisms of inheritance.



	

	Connection to Students’ Lives



Link to out-of-school activity and everyday life 
· Encourage the students to involve their family members by collecting data of various characteristics and traits, including tongue rolling and arm span, as they did in the class.  

Link to career-awareness 
· This learning set provides an opportunity to introduce careers related to genetics. Students become genetic counselors and help Monique understand how she can be the only one in her family that has diabetes. For more resources, see the National Human Genome Research Institute (NHGRI) which educates students, teachers, and the public about genomics through participation in outreach events and hands-on activities, such as National DNA Day.  Find out more at https://www.genome.gov/about-genomics/educational-resources/outreach.  For more about careers in genetics counseling see the National Society of Genetic Counselors (NSGC): https://www.nsgc.org/page/whoaregeneticcounselors-473 


	Instructional Sequence



Introducing the Learning Set

1. Keeping coherence using the DQB - Revisit students’ questions related to Monique and diabetes on the Driving Question Board (DQB). Tell students that in this learning set they will further investigate the case study of Monique to determine How does Monique’s family affect her diabetes?  Tell the students that they should pay particular attention to the questions that they had clustered around that Sub-Driving Question.
2. Introducing the learning set - Refer back to Monique's video when she talked about her family. Discuss with the whole class why they think Monique had diabetes but no one else who lives at her house has it. Ask the students to use what they learned about the causes of diabetes to help them with their ideas. Let them know that they will figure out how Monique can be the only one in her family with diabetes.

	[bookmark: ttft1yo8knwo]Lesson 1 - How Can Genetic Factors of Diabetes Be Inherited? 



	Learning Goal
	The students use models to explain/predict how patterns of inheritance can affect variation in the inheritance of diabetes. 

	Connection to NGSS 
	DCI: LS3.A: Inheritance of Traits
         LS3.B: Variation of Traits

	
	Practice: Developing and Using a Model

	
	CCC: Pattern



1. Drawing from prior knowledge - Discuss inheritance of traits, specifically of diabetes, with the students. Encourage the students to reveal their prior knowledge by using the following prompts:
· What do you think it means to inherit something?
· What kinds of things can people inherit?
· From whom do you think we inherit traits or characteristics?  From our parents? Others?
· What are traits or characteristics? 
2. Why don’t children look identical to their Mom or Dad? All children inherit some characteristics from each parent. These inherited characteristics are called traits. Sometimes we can see the traits, and sometimes we cannot. We can see our eyes, but we cannot see our allergies.
3. Introducing the case study. - Introduce the following scenario about Monique: Monique wants to know more about what can cause diabetes to develop. She wants to figure out more about how her family affects her development of diabetes and why she is the only one in her family with diabetes. She talks to a genetics counselor to ask questions about how diabetes runs in families. 
4. Link to career-awareness This learning set provides an opportunity to introduce careers related to genetics. Students become genetic counselors and help Monique understand how she can be the only one in her family that has diabetes.
5. Simulating the genetic basis of diabetes - Tell students that they will conduct a hands-on simulation to show how genetic material, like that which causes diabetes, is inherited. In pairs, have the students read the instructions and gather the materials in the worksheet for Learning Set 2: How do genetic factors influence the inheritance of diabetes? and complete the handout of a pedigree. Tell the students to stop before the Data Analysis: Comparing Results with Other Teams section.
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	While the students work in pairs, circulate in the class and support the students as they model inheritance with the beads. Be sure the students:
· Understand the representations of the various components: Mom, Dad, and Child cups; beads; various beads’ colors; and random pick of beads.
· Follow the instructions on the worksheet correctly.
· Label the beads and key correctly.
· Complete the pedigree correctly.



6. Sharing and Discussing - Ask the students to share with the class the risk factors for the siblings in their simulation. Discuss the various results with the class as they complete the data analysis part of the worksheet. 
a. Do all the siblings have similar risk factors for diabetes? Why?
b. Which sibling has the highest risk for diabetes?
c. How does the simulation with the beads help us understand why Monique is the only one in her family with diabetes?
d. What does this tell us about sexual reproduction and genetic variation?
i. *Sexual reproduction: Process of creating a new individual using two parent organisms (male and female).  
7. Complete the reading #1 (see below) with discussion - After the discussion, complete the reading as a whole class to reinforce and expand what they explored with the hands-on activity. Be sure to discuss:
a. What are some examples of genetic risk factors for diabetes that increase the risk of someone developing Type 2 diabetes?
b. Do all people have the same risk for diabetes? Why or why not?
c. What is mutation and what causes it?

8. Other examples of proteins and traits- 
· Ask “Who can roll their tongue?” Discuss that tongue rolling is a genetic trait caused by the production of protein that allows some people to be able to roll their tongue.   Other people do not produce that protein and cannot roll their tongue. 
· Introduce other traits (e.g. earlobes (attached or not) and thumbs (hitchhiker’s or not)) that are inherited and ask students to compare them with their peers. 
· Other interesting Observable Human Traits can be shown to students (optional).
9. Have students complete the reading #2 (see below) - Continue a class discussion using the reading to link what they explored using beads at the macroscopic level to underlying scientific ideas that happen at the microscopic level. Ask students to highlight the part that they think is important while they are reading. 
· Be sure to encourage students to think about: 
i. What are genes?
ii. What are chromosomes? 
iii. What do genes do? 
iv. What do proteins do?
v. How do genes affect diabetes? 
vi. How do tongue rolls and arm span help you explain about the development of diabetes? 
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	Models have limits 
It is important for students to understand that the hands-on simulation with beads does not fully represent how the genetic information of parents is inherited to their children. For example, 
· Genetic information of organisms is not color-coded or round-shaped like beads
· There are more than six genetic factors that can influence inheritance of diabetes
· They put the beads back into cups that represent Mom and Dad, but genetic information is not being reused.
Emphasize the fact that models have limitations because their purpose is to explain certain aspects (not all) of phenomena. For example, we reuse the beads so we will not use so many beads, but in reality, genetic information is not reused.  





	Lesson 2 - Modeling: Why Does Monique Have Diabetes? 



	Learning Goal
	The students develop a model to connect their understanding of the inheritance of traits within families with risk for diabetes. 

	Connection to NGSS 
	DCI: LS1.B: Growth and Development of Organisms

	
	Practice: Developing models

	
	CCC: Cause and Effect


 
Developing models
In the previous learning set, the students started to develop a model of the mechanism of diabetes. In this learning set, they will develop another model that explains how genetic factors can affect diabetes. In this branch, they will focus on the sub-driving question of this learning set: How does Monique’s family affect her diabetes?

Based on their experience in this learning set, together, complete the Modeling Chart 
· Student Version from Learning Set 1 (not filled in) 
· Teacher’s version from Learning Set 2 (filled in) 

1. REFLECT upon learning as a whole group/class 
1. Identify the sub-driving question: What is the sub-driving question that students were asked to think about during the Learning Set?
2. Identify the questions: What questions did students pose at the beginning of the Learning Set?
3. Identify the Main Message:  What did students figure out from the Learning Set? Use the following prompts:
a. What do you think are the take-home messages from the learning set?
b. What did you learn in this learning set?
2. PLAN as a whole group/class. Identify the Big ideas/components. Discuss with students the aspect of Monique’s diabetes that they have figured out over the last couple of lessons (the genetics of diabetes). During the discussion, write the main components of the process on the board (described below).
3. PLAN in small groups
a.  Generate different components: Write each component on its own sticky note. Each component should be measurable and relevant.
b. Organize the components: organize the components in categories.
4. BUILD in small groups (ideally on whiteboards). Connect the components. Connect the components in a causal relationship and apply an increase-decrease language as you connect the variables, for example: 
a. an increase in genetic risk factors inherited from Monique’s parents would cause an increase in Monique’s risk for diabetes. 
b. Students should use arrows to show the directionality of the connection. Hint: For the most part, the arrows will go towards Monique’s diabetes. 
5. TEST/REVISE as a whole group (in discussion circles). 
a. Evaluate models: Have the students evaluate their models by applying the following questions: Does your model explain and predict? Does your model make sense?
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	While the students are creating their models, circle in the class, support the students, and encourage them to share their thinking and consult with their peers about their models. Students’ models can vary. However, since the models need to explain the relationships among the components, make sure the models include:   
Components
· Genetic risks factors
· Genetic risks factors from mother
· Genetic risks factors from father
· Variation
· Mutation
· Proteins

Relationships and labels
· The relationships among the components
· The relationship between the components and Monique’s diabetes


 
6. SHARE as a whole group/class. Collectively, share the models with the class such in a discussion circle or as a gallery walk. 
a. When sharing models discuss with the students:
i. The similarities and differences between the models
ii. The models’ strengths and weaknesses
iii. Ways to improve the various models

7. REVISE in small groups. Have the students revise their models. Once they finish, they can document (for example, take a picture of) each group’s model and send it to their teacher. These models can be used as formative assessment, and to examine and reflect upon students’ model development process at the end of the unit.
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	A discussion which shares insights from the various models and compares among them is extremely important as it will scaffold the students’ second revision of their models in the following step. Use questions to prompt the students to critically examine their peers’ models.
Components:
· Components identity - What components are included in each model? Are key components included?
· Number of components - How many components are indicated in the model? Are more components necessarily better?
· Grouping of components - How can we group the various components? Why should we group components? Does it improve our models? Is the grouping meaningful?
Relationships among components:
· Explicit relationships among the components - Are the relationships among the components indicated? Do these relationships make sense? Are the indicated relationships important?
General features:
· Complexity of the model - How complex is the model?
· Organization - How well is the model organized? Is the organization meaningful?




	Lesson 3 - Linking Ideas



	Learning Goal
	As a class, discuss how to combine LS2 and LS3 models to further student understanding of diabetes through linking the biological mechanism of diabetes and the inheritance of traits within families with risk for diabetes. 

	Connection to NGSS 
	DCI: LS1.B: Growth and Development of Organisms

	
	Practice: Developing models

	
	CCC: Cause and Effect



In this lesson, through class discussion, the students and teacher will develop an integrated model which connects the consensus models from learning sets 2&3 to explain diabetes and how it affects Monique. 

Using Learning Set 2 & 3 models, based on Monique, students will begin to explain the phenomenon of diabetes by answering their sub-Driving Question of LS3: How does Monique’s family affect her diabetes?, through a focus on how/where LS2 and LS3 models converge. 

1. Teachers guide student discussion. Have students use their Student Version DQ Modeling Chart (found in Learning Set 1) to guide a discussion that summarizes the learning in this Learning Set 2. The following list of questions and the Teacher Version of the DQ and Modeling Chart (see teacher complete version from Learning Set 1) can guide the whole class discussion connecting the two models.
a. To support linking two different models to make a claim: 
i. What are the common components between the two learning sets? 
ii. Where do the two models link together? 
iii. What are the main ideas of each learning set? How can they be linked? 
iv. How does one model help explain / expand / elaborate another? 
b. To support the evidence:
i. What activities did we do in each learning set? 
ii. What videos did we watch? 
iii. What experiment(s) did we conduct? 
iv. What data (i.e. from simulation, chart, experiment) did we collect or use? 
v. What are some specific examples, shown in your models, that can be used as evidence to support your claim? 
c. To support the reasoning:
i. What are the underlying scientific ideas shown in your models and in the unit that can explain how your claim and evidence are connected?
2. Integrating models from LS2 and LS3. 
a. Main ideas to include, mechanism of diabetes and genetic aspect
b. Models can be linked to “insulin cannot unlock the cells” and “offspring’s genes” as well as “diabetes” on both model
c. Inherited traits from LS3 can be linked to LS2 Insulin (produced and secreted from in the pancreas).
*Note- The Models are guidelines, student models will vary but should have these components in some variation. 
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	Learning Set 3 Assessment 



Students complete the End of Learning Set Assessment in Google Forms

Learning Set Level Teacher Rubric: Refer to the Assessment Resource Folder

	Wrapping Up a Learning Set 3: Revisiting the DQB


With the class, revisit the Driving Question Board (DQB). Prompt the students to reflect upon their learning using the following prompts:
1. Which questions on the DQB have we answered, and which remain open?
a. Students should attach their answers/artifacts of investigation onto the DQB next to the questions they relate to.
2. After completing the lessons in the learning set, do you have any additional questions? 
a. Any new questions should be added to the board near the SDQ to which they relate.

3. Ask students some transitional questions that are related to the next learning set.
a. Do you think the person with high risk of diabetes always gets diabetes? 
b. Are genes the only factors that affect Monique’s diabetes? 
c. Can you think of other things that can affect Monique’s diabetes?

	Optional Extension Activity - How Can Genetic Factors Influence Our Traits? 



	Learning Goal
	The students construct an explanation about how genetic factors affect our traits

	Connection to NGSS 
	DCI: LS3.A: Inheritance of Traits
         LS3.B: Variation of Traits

	
	Practice: Constructing an explanation

	
	CCC: Cause and effect 



1. Clarify the difference between observation and experimentation 
a. Refer back to the previous lesson with the beads representing genetic factors. Ask students what they know about these genetic factors.
i. What do you think they look like?
ii. Where do you think they are? 
iii. How are they inherited? 
iv. How do genetic factors affect our traits, like diabetes?
b. Discuss with the students the differences between observation and experimentation. Explain that the purpose of this investigation is to observe and collect data to better understand how genetic factors can influence our traits. 
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	Observation vs. Experimentation 
· Observation: The action or process of measuring variables of interest without assigning treatments to the subjects; a procedure carried out under natural conditions to discover an unknown effect.
· Experimentation: The action or process of manipulating, or changing, natural conditions in order to test or establish a hypothesis; a procedure carried out under controlled conditions to discover an unknown effect.



2. Conducting an observation 
a. In pairs, ask the students to observe their partner attempting to roll their tongue and measure their partner’s arm-span. Pass out measuring tapes. 
b. Tell the students to fill out their worksheet (Optional Extension Activity) and also post their results in a Class Data Table, which can be drawn on the whiteboard or create a table online for students to fill in. Tell the students to wait until everybody has posted their results, and then continue with the Data Analysis: Comparing Traits in the Class Population part of the worksheet. 
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	While the students work in pairs, circulate in the class and support the students, while also encouraging them to share their thinking and consult their peers about their data analysis and conclusions. 

Tell students that they don’t need to be disappointed even if they cannot roll their tongue. Scientists conducted an experiment and found out that non-tongue rolling participants could learn to roll their tongue after practicing. This means genetic factors may not be the only thing that determines their tongue rolling.



3. Data analysis - Lead a class discussion about their data analysis and answers to the worksheet:
a. How are the two charts similar and different? Do you see a pattern in the data?
b. What might affect how long your arms are? (length of bones in arms and hands, width from shoulder to shoulder, etc.) 
c. What might affect your ability to roll your tongue? (control over the muscles in your tongue) 

4. Sharing with families - Introduce other traits (e.g. earlobes (attached or not) and thumbs (hitchhiker’s or not)) that are inherited and ask students to compare them with their peers. Encourage them to explore expressions of these traits within their family. (An Inventory of My Traits (PDF) has a survey exploring various traits that students can use in their class and/or at home.) 


[bookmark: inheritanceofgeneticfactors]What is our Risk of Developing Diabetes?
Inheritance of Multiple Genetic Factors for Diabetes
[bookmark: kix.pvhe7l3fen33]Lesson 1: How Can Genetic Factors of Diabetes Be Inherited? 
In our reading “What is Diabetes?” in Learning Set 2, we learned that Type 2 diabetes tends to run in families. However, in the introductory video about Monique*, she said that she was the only person in her household to have diabetes. 
If diabetes is inherited, why do you think that no one else in Monique’s household has diabetes except her? Let’s investigate!
Remember: Each parent has different genetic information, or genetic factors. These genetic factors are randomly transmitted to their children in a process called inheritance. Children inherit their genetic factors from both parents: their father and their mother. 

How can we predict the risk factors for the children if the mother has one high risk factor for Type 2 diabetes, and the father has 3 high risk factors for Type 2 diabetes? 

Materials:
Colored pencils/markers
Disposable cups
1 bag of colored beads (2 blue, 1 red, 1 yellow, and 8 black)
Handout of pedigree

Developing your model:

1. Get the following equipment: a blank handout of pedigree, which shows patterns of inheritance; colored pencils; 3 disposable cups; and an assortment of colored beads (red, yellow, blue, black). 

2. Fill in the key on the handout of pedigree with your choices of bead colors to represent the genetic risk factors for Type 2 diabetes.

3. In this model, each of Monique’s parents have 6 genetic factors. What can you use to represent the genetic factors?

4. Choose one cup that will represent the mother. Write “Mom” on the cup. “Mom” will have 5 genetic factors that are not risk factors for diabetes (5 black beads) and 1 genetic risk factor for Type 2 diabetes (1 colored bead). Look at the list of risk factors above, and think: Which risk factor will the mother have? Place in “Mom’s” cup 5 black beads, and 1 colored bead to represent that risk factor. Label it in your key.

5. Choose one cup that will represent the father. Write “Dad” on the cup. “Dad” will have 3 genetic factors that are not risk factors for diabetes (3 black beads) and 3 genetic risk factors for Type 2 diabetes (3 colored beads). Look at the list of risk factors above, and think: Which risk factor will the father have? Place in “Dad’s” cup 3 black beads, and 3 different colored beads to represent the various risk factors. Label it in your key.

6. On the pedigree, record the colors of the beads present in both the “Mom” and “Dad” cups by drawing colored dots in the blank squares with the colored pencils/markers.

7. Look at the genetic risk factors. Who has the highest risk for diabetes, Mom or Dad? Why do you think so?

8. Label the third cup “Child.” A child must also have 6 genetic factors: 3 are inherited from the father, and three are inherited from the mother. 

9. With eyes closed, randomly draw out 3 beads from the “Mom” cup and 3 beads from the “Dad” cup and put them in the cup labeled “Child.” 

10. On the pedigree, draw colored dots according to the beads’ colors in the “Child” cup. These dots represent the first child’s genetic factors, inherited from his or her parents.

11. Return the beads to the appropriate parent cup. Make sure the mother and father still have the same genetic risk factors (same beads as they started with): Mom: 5-black, 1-colored; Dad: 3-black, 1-blue, 1-red, 1-yellow).

12. Repeat steps 9-11 for each son or daughter in the second row of the pedigree (5 children total).

13. Look at each child’s combination of colored beads, which represent their genetic risk factor. Label each individual in your pedigree as low, medium, or high risk for Type 2 diabetes. Make a key to show how you made your determination. 




*If needed have students watch the introductory video of Monique 
[bookmark: dataanalysishandout]Data analysis: Comparing results with other teams
1. Was the data for every group in the class the same? Why or why not?




2. Do all the siblings have similar risk factors for diabetes? Why or why not?




3. Which child has the highest risk for diabetes? To answer this question, write a scientific explanation based on the evidence from your hands-on simulation. 


Claim: ____________________________________________________________________
Evidence from your model:
      __________________________________________________________________________
__________________________________________________________________________
__________________________________________________________________________
Why do you think this child has the highest risk for diabetes?
__________________________________________________________________________
__________________________________________________________________________
__________________________________________________________________________
4. How could this data help us explain why Monique has diabetes but no one else in her household has diabetes?





5. Do you think that every child that has high genetic risk factors for diabetes will get diabetes? Why or why not?



[bookmark: pedigreechart][image: A diagram of a family tree
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Key
	Black beads: genetic factors that do NOT contribute to diabetes. Organs related to diabetes work correctly. 

Genetic risk factor for diabetes:
____________________________beads - pancreas does not produce the correct type of insulin
____________________________beads - pancreas does not produce insulin at the correct time
____________________________beads - pancreas does not produce the correct amount of insulin




clipart male:http://www.clipartpanda.com/categories/stick-people-clip-art
Clipart female: http://www.clker.com/clipart-16623.html
SHARED BY: OCAL 03-26-2008
[bookmark: Lesson1Reading1]
Lesson 1 Reading #1: How Can Genetic Factors of Diabetes Be Inherited?
In the bead activity, each different colored bead represented a different genetic factor. These genetic factors are passed on to you from your parents: 50% (one copy) from your father and 50% (one copy) from your mother so you have two copies of each genetic factor as a pair. In the bead activity, you picked one bead from the mother’s cup and one from the father’s cup to represent how genetic factors are passed on from parents. 

Genetic factors affect your traits such as what you look like (eye color, hair color, etc.) and even your health including risk for diabetes. Think about the role of the pancreas in diabetes from our reading in “What is Diabetes?” in Learning Set 2. Scientists have discovered that there are many genetic factors that affect the way the pancreas functions.  These are called genetic risk factors for diabetes because they may increase the risk of someone developing Type 2 diabetes. Here are some examples of genetic risk factors that may increase diabetes risk:
· The pancreas does not produce the correct type of insulin.
· The pancreas does not produce insulin at the correct time.
· The pancreas does not produce the correct amount of insulin.

The more genetic risk factors you inherit, the higher your risk is to develop Type 2 diabetes. Different people inherit different genetic risk factors. So not all people have the same risk for diabetes because they have inherited different genetic factors. This is an example of inherited variation. When you randomly picked a bead with your eyes closed from a cup, you simulated how genetic factors are transmitted by chance from parents to each child. 

Also, genetic factors can change for example, due to environmental exposure or errors when genetic material is passed onto offspring. These changes are called mutations and cause variation between different people. Sometimes we can see the differences such as different eye colors. We might not be able to see some mutations, but they can cause health problems. In the bead activity, the colored beads represented different mutations in genetic factors in the pancreas.  

Now let’s apply what you’ve learned about genetics to explain how Monique’s parents’ genes caused Monique to get diabetes and why she might be the only person in her family to have diabetes. Use the following terms in your explanation: Parent, Genetic risk factor, Variation, Mutation.
	Monique is the only one in her family with diabetes because … 





[bookmark: Lesson1Reading2][bookmark: kix.67982ugvzn1j]Lesson 1 Reading #2: How Can Genetic Factors Influence Our Traits?

Where are the genetic factors located in our body? What do they do? In this reading, you will explore more about genetic factors. This will help you figure out how the genetic material affects our traits such as diabetes.

What are Genes?

Genes carry the instructions that determine your traits. For example, if both of your parents can roll their tongues, you might inherit the trait for tongue rolling from them. Where are these genes located in your body? They are so tiny that you can't see them.

Your body is made up of billions of cells. Cells are the basic building blocks that make up all living things. The nucleus is a small egg-shaped structure inside the cell which controls every part of the cell. Most cells have one nucleus. How does the nucleus know everything? It is because the nucleus contains the chromosomes which are thread-shaped structures. Genes are found on the chromosomes deep within the cells.    
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What do the Genes do? How do they affect your traits?

Each gene contains specific instructions for making proteins in the cell. Proteins build, maintain, and replace the groups of cells that work together in your body. Your organs, like the pancreas, heart, blood, kidneys, and even insulin are made up of protein. These proteins help your bodies grow, work properly, and stay healthy.

Genes also come in pairs just like chromosomes. Each of your parents have two copies of each of their genes. Mother passes along one copy and father passes another copy to make up the genes you have. The genes you inherit have the instructions for all kinds of proteins that affect many of your traits. 

For example, tongue rolling genes produce specific proteins that may determine the tongue muscle or tongue length that contribute to your ability to roll your tongue. Therefore, if you have half of your genes from your mother and half from your father and they are both able to roll their tongues, it is more likely that you can too. 
Some genes contain information that can produce specific proteins that can determine the length of arm span. Your data shows that there is more variation among people with arm span than tongue rolling. This means that there can be more factors related.   

In the role of a genetics counselor…
[image: ]
If you were a genetics counselor, what would you say to Monique to explain how her parents affect her diabetes. Include the following words when you write your explanation: Chromosomes, Gene, Protein, Trait.


	














Reference
https://www.pbs.org/newshour/science/genetic-myth-textbooks-get-wrong
https://kidshealth.org/en/kids/what-is-gene.html
Chromosomes and gene: https://biology-igcse.weebly.com/-chromosomes-dna.html
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[bookmark: Beadactivity][bookmark: kix.qsp3jndrwk8v]Optional Extension Activity: How Can Genetic Factors Influence Our Traits?
How do genetic factors affect our traits? Let’s examine our two traits, “tongue rolling” and “arm span” to figure this out. 
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                          Tongue rolling                                                 Arm span    
1. Get with your partner. Try to roll your tongue. Watch as your partner tries to roll their tongue. Record the results for each of you in the data table.

2. Get a metric measuring tape or meter stick. Stretch out your arms. Have your partner measure your arm span by measuring from fingertip to fingertip in centimeters.

3. Repeat Step 3 for your partner. Record your results in the data table.

	Name
	Tongue rolling: yes/no
	Arm Span in Centimeters

	
	
	

	
	
	



When you have finished collecting data for your group, post your data on the class data table. 


Data analysis: Comparing traits in the class population
1. After the whole class has recorded their data, look at the charts. How are they similar and different? Do you see a pattern in this data?




2. What might affect how long your arms are? What might affect your ability to roll your tongue?




3. What does the data tell you about the amount of variation there is between people for these two traits? 




4. Can you think of another trait that might be inherited more like tongue rolling?




5. Can you think of another trait that might be inherited more like arm span?
[bookmark: Inventoryofmytraits]
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