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Prior Knowledge: Sexual Reproduction, Chromosomes, Meiosis and Mitosis, Alleles, Gametes.
Enduring Understanding: 
Students will be able to create Punnett squares and pedigrees to determine the probability of inheriting a variety of traits.
Instructional Themes: Differentiation, Assessment, Applying content to students’ lives.
[bookmark: _GoBack]Active Inspire (pdf) Presentation of Unit
[bookmark: Lessonone]Throughout the unit, all words in italics explain the reasoning for activities.
Lesson 1: Introduction to Mendelian Genetics


Guiding Questions:
· What is genetics?
· Who was Gregor Mendel, what did he discover about genetics, and how?
· How can we use math to formulate theories?
Learning Objectives:
· SWBAT create theories based on the vocabulary defined by Mendel, given data from Mendel’s pea experiments.
· SWBAT connect ratios to explain the natural phenomena of genetics.


Materials:
· Students’ lab books
· Active Inspire Slides
· Pea Plant
· Pea Salad (in cups)
· Forks
· Worksheet
   
Vocab: Genetics, Heredity, allele, dominant, recessive, heterozygous, homozygous, genotype, phenotype, law of segregation, law of independent assortment.


[image: Macintosh HD:Users:vmetzler:Desktop:content_blocks_image_30.jpg]Do Now: Diagnostic assessment of genetics with a word cloud

10 minutes: (2 minutes for brainstorming, 3 for listing & cloud creation, 5 for discussion) 
Posted on board: Talk to your partner and write down the first 3-5 words that come to mind when you see the word: GENETICS. Write your list on the board ASAP. There may be repeats and that’s fine! 

Genetics are important when we consider GMOs, cloning, genetic disorders, breeding, etc. Genetics is the science of the mechanisms by which traits are passed from parents to offspring, whereas heredity is simply the passing of genetic traits from parents to offspring. Throughout this unit we will be exploring genetics. We have several books, articles and video suggestions that you could read or watch and write about for extra credit. Feel free to explore the list that is posted on wikispaces and is also located on my desk!  (I’m excited to offer this as an option and I’m hoping to see students embrace this opportunity to explore genetics in an area that interests them).

(I will add these to woordle (http://www.wordle.net/create) as students are writing their lists on the board and create a word cloud when they are finished. I will point out the most common perceptions of genetics and address any misconceptions with the class. This is a way to pre-assess students’ knowledge and introduce the topic of genetics and why it is important in our lives. I will piece together students’ prior understandings to create definitions for genetics and heredity and discuss their relationship.) 

Body: Who is Gregor Mendel and what did he do?
1. (7 minutes) [image: Macintosh HD:Users:vmetzler:Desktop:Unknown.jpeg]Story telling (Hamming it up!!): Here is a photo of Gregor Mendel! Well, with some additions! Gregor Mendel was born in Austria to a farming family. Instead of farming like his family expected him, Mendel became a monk, studying religion. Can anyone identify with Mendel? I know I can because my family thought I should be nurse for the longest time, like my mom. Take 5 minutes to write in your journal (lab book) if you feel or have felt pressured by your family or your parents to pursue a specific career and why. If not, just write what you would like to pursue as a career!  [image: Macintosh HD:Users:vmetzler:Desktop:Unknown.jpeg]  
At this point, pass around the pea pasta salad treat! [image: Macintosh HD:Users:vmetzler:Desktop:Gyenyame (1).jpg][image: Macintosh HD:Users:vmetzler:Desktop:Unknown-1.jpeg]
(This treat not only serves as brain food, but also brings this material to life and builds a community of care centered around the learner).

2. (5 minutes) Later, Mendel decided he would like to study mathematics and also botany. He was very interested in the passing down of traits from plant to plant and spent 7 years or more experimenting with pea plants and keeping records of the patterns of trait inheritance. That’s a long time to be committed to an experiment (more than the time it takes to do a PHD)! He cultivated over 30,000 pea plants (and 6,000 in 1860. There are 1,000 peas on this page (on screen), so he must have planted all of these peas 30 times.  What does this tell us about his personality? Crazy? Maybe. He was very persistent and had a lot of grit, which took him very far!  Let’s also hope that he liked peas or had neighbors who liked peas! Had there been any studies of heredity prior to Mendel’s peas? Yes, a British man studied the same thing up to 200 years prior but never reached any conclusions. What was the difference? Mendel used mathematics, including ratios of the types of offspring from each cross! 

3. (30 minutes)[image: Macintosh HD:Users:vmetzler:Desktop:Gyenyame (1).jpg][image: Macintosh HD:Users:vmetzler:Desktop:Unknown.jpeg]Read pages 166-169 from the textbook and define vocabulary in your own words. You should understand every word. Ask if you need help: allele, dominant, recessive, heterozygous, homozygous, genotype, phenotype, law of segregation, law of independent assortment. When you finish creating definitions, begin the worksheet. Put yourself in Mendel’s Austrian shoes and use the concepts you read about to figure out what is going on with your pea plants!! This should be complete at the end of the class, but if you need more time, it will be homework for tomorrow. 

Worksheet: 
Using this vocabulary, answer the following questions:

1.  You have one field that has peas that have purple flowers. When you breed two pea plants from this field you get all purple flowers.  
2. You have a second field where all the peas have white flowers.  When you breed two pea plants from this field you get all white flowers.  
3. When you decided to breed a plant from the purple flower field with a plant from the white flower field you got all purple flowers. 
4. When you do a test cross of these ‘new purple flowers (from 3),’ pollinating one plant with its own pollen, you get 753 purple flowered plants and 247 white flowered plants.  
A. What are the phenotypes of the parents in number 3? What are their genotypes?
(Answer: The parents’ phenotypes are purple and white. Their genotypes are: PP and pp or homozygous dominant and homozygous recessive).
B. Did you expect the result in #4? Why or why not (Making predictions is a scientific practice)?
(Yes because the new purple flowers had one allele from the cross with the white flowers.)
C. What is a simplified ratio of purple to white flowers in the last cross?
(It is approximately 3:1)
D. Use your vocabulary to explain how you got white flowers from cross 4. 
(The two purple parents are heterozygous or Pp so the white flowers inherited one recessive allele from each of the parents).

(Today I decided to talk about heredity and genetics using the story of the founder of these concepts. Since Saul is an agriculture school, I think it is important for students to hear about the history of heredity and that it began with a botanist (some students are studying plant science). I hope that the students are able to connect with Mendel by thinking about their parents’ expectations for them vs. the pressures Mendel encountered to become a farmer. This is also a good example of the science and research involved in agriculture, rather than farming to only produce food. I’ve noticed that some students respond very well to humor and I am planning to use this in the lesson.

In #2 I emphasized the scale and quantity of the pea plants Mendel raised and will talk more about ratios of offspring, incorporating a cross-cutting theme. In #3 students will be extracting information from the reading and this will promote literacy since students are reading from the text and defining words using their own words. Students will need to think critically and apply the vocab to the worksheet as they look for patterns . I am only using problem #1 from this worksheet today and will use the next two problems when we talk about codominance and incomplete dominance. I think it is too much material to introduce on the first day. I’m going for depth as opposed to depth!)
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Lesson 2: Mendelian Genetics Continued

Guiding Questions: 
· How did Mendel cross his pea plants?
· What’s the difference between monogenic and polygenic traits?
· What are other factors that influence traits?
Learning Objectives: 
· SWBAT cross-pollinate two plants, identify the phenotype and genotype of the two parents and predict the genotype and phenotype of the offspring.
· SWBAT identify several monogenic traits and polygenic traits.
 
Materials:
· Pea plants (or another species with flowers)
· Small paint brushes
· Active Inspire slides
· Lab books


Vocabulary: Autosomal, monogenic and polygenic inheritance, cross-pollination, P Generation, F1 & F2 Generations

 

[image: Macintosh HD:Users:vmetzler:Desktop:content_blocks_image_30.jpg]Do Now: Review of Mendel’s concepts
On the board: 6 minutes: (3 to complete, 3 to discuss) The Na’vi living in Pandora have blue skin. Most Na’vi have stripes on their faces, but some do not. The trait of stripes is a dominant trait. We can use B for the dominant allele and b for the recessive allele. Neytiri and Avatar both have stripes on their faces but their child does not. 
1. What is Neytiri’s phenotype?
(striped) 
2. What is the genotype of the child? Use the allele symbols and your vocab.
(Answer: bb or homozygous non-striped)
3. What is the genotype of the parents? Use the allele symbols and your vocab.
(Bb or heterozygous)
· Remember that one allele is contributed from each parent (law of segregation). 
Check homework
(I decided to use an example from the movie Avatar (2009). This may be a little outdated, but I wanted to bring in a fun genetics example. This will be an assessment of phenotype and genotype using a new scenario to assist in the transfer of knowledge and reinforce the patterns that are present ).

Body: Review of Mendelian concepts, Cross-pollination skill learning
Homework Review: (7-10 minutes—2 w/ partner, 5 – 8 with group) We will now review the homework from last night (If we did not get the chance to do so in the previous day. think it is very important to review homework because if students are not able to complete this independent work then they may never grasp concepts as we move on).

[image: ][image: Macintosh HD:Users:vmetzler:Desktop:Gyenyame (1).jpg]Take 2 minutes to ask your partner if you have any questions about the homework or the Do Now. Please share if your partner asked you a question you did not know the answer to. 
(I want to try this method of asking questions for students who lack the confidence to present their questions to the whole group. This encourages students to ask their peers before asking me. It also stresses the importance of listening so that students can ask me a question if it’s one that a pair could not answer. All of these skills are promoting good discussion skills). 

Autosomal, Polygenic, and Environmental Factors (20 minutes):
1. (4 minutes): All of the traits we have been investigating so far are autosomal traits. Break this word down. What does auto- mean? (Same). What does somal mean? Or what word from cellular reproduction contains “-some” (chromosome). This means that the alleles are the same on both X and Y chromosomes. In case you have forgotten, females have two X chromosomes and males have one X and one Y. Later in the unit we will talk about traits that are only present on the X or only on the Y chromosome. 
(I introduced autosomal so that students are not confused with the term when we need to distinguish between sex-linked traits later in the unit. This year we have been talking a lot about root words. I want to encourage students to use these words so they may pick up on new words more quickly and become more independent learners by doing so).

2. (3 minutes) We have been talking about monogenic traits that are traits decided by 1 gene and 1 allele from each parent. Here are some examples of monogenic traits (on slide) . For each human trait, note which version of the character you possess. 
3. (8 minutes): Many traits are not monogenic, but are polygenic = many genes working together to code for trait. Show video: https://www.youtube.com/watch?v=gouqTq5p168 [image: Macintosh HD:Users:vmetzler:Desktop:Gyenyame (1).jpg] (3 min.) starting at 17 seconds (skin color, hair color, eye color—production of melanin, weight, height, handedness). Which of these traits are affected by environment? Give evidence to support your claim [image: ](5 min). 
4. (5 min) An organisms’ traits can also be impacted by the environment and contributes to the nature vs. nurture debate: height, weight, heart disease, depression, even skin and hair color (sun), personality. (nature vs. nurture debate), arctic fox.  (stability and change)


Cross-pollination Activity  [image: Macintosh HD:Users:vmetzler:Desktop:Unknown-1.jpeg] [image: Macintosh HD:Users:vmetzler:Desktop:Gyenyame (1).jpg]:
5 minutes :Take out your lab books. Here is a picture of a pea flower (on slide). With your partner, predict which parts are male and female parts. Come to a consensus! Write your prediction in your lab book next to a drawing of the parts and explain your reasoning. [image: ] (Ans: male has the anthers, containing pollen, which includes the sperm. Female parts include the stigma and the style, leading the ovary where the ovule is located).
(I want students to continue making predictions based on their prior knowledge and to do so with their partners so they may learn within the zone of proximal development, pushing each other to expand their knowledge).

1. 4 min: Cross pollination Demonstration / Skill learning (Ideally using a purple flowered pea and white flowered pea) How would we pollinate the plant? (insert the pollen into the stigma and style) What would be the difference between self-pollinating and cross-pollinating? (Ans: self = same plant, cross = different plant) What would be important for us to do that Mendel definitely had to do after cross or self-pollinating plants? (Take detailed notes—make sure you note which flowers you crossed).
2. 
3. 7 min: Answer the posted questions in your notebook unless I call on your group to cross-pollinate. 

(On slide): We call the parents in a cross the P generation and refer to the first generation of offspring as F1. What would we call the generation the results from self-pollinating the F1 generation? (F2 generation). [image: Macintosh HD:Users:vmetzler:Desktop:content_blocks_image_30.jpg]What are the phenotypes of the parents we cross-pollinated? What are the genotype possibilities for the parents? Predict the phenotype and genotype ratios of offspring. 

(I am excited about incorporating this activity into the lesson, especially at W.B. Saul because a lot of my students learn well when experiential learning opportunities are closely related to the lessons. I think students will enjoy this activity and also be able to make connections between this hands on skill and experience with the reproduction of a plant as we are exploring Mendel’s pea plant experiments.)

Add the new vocabulary to your list (Cross-pollination, autosomal, polygenic and monogenic inheritance). Finish for homework. 

Homework: : [image: Macintosh HD:Users:vmetzler:Desktop:Gyenyame (1).jpg][image: Macintosh HD:Users:vmetzler:Desktop:content_blocks_image_30.jpg][image: Macintosh HD:Users:vmetzler:Desktop:small-car-symbol-icon-1005072319.png] (Ideally I would have students do the dragon genetics simulation for homework. Students can play around with genotypes to see how it affects the phenotypes of various traits in the dragon. However, I’m a little nervous about how well it will work on their home computers since I had difficulty downloading the Adobe plug-in on my computer. I think this model/simulation would enrich their understanding of heredity as they can closely observe the effects of genotype on phenotype and the different types of traits (polygenic, codominant, incompletely dominant). 






Worksheet:
Name: ________________
Dragon Genetics
Use the website to answer the following questions: http://biologica.concord.org/webtest1/web_labs_genophenotype.htm
You may need to download shockwave installer in order to access the dragon simulation.

1. What is/are the genotype(s) that code(s) for the ability to breathe blue fire?
(fb is the allele, the genotype could be fbf or fbfb). 
2. Is the trait of having scales a dominant or recessive trait? How do you know?
(Dominant because it appears when the dominant allele, S, is present. Also, scales are not present when the genotype is recessive).
3. These traits are not affected by the sex of the dragon. What do we call these traits? (Autosomal)
4. There are two genes that code for the dragon’s color. What do we call this kind of trait? (Polygenic)
5. There are three different alleles for horns. What happens if the allele HU is present? Which allele(s) are dominant? (If the HU allele is present in the genotype, the dragon will have one horn. HU is dominant over H and h and H is dominant over h).
6. If a male dragon homozygous dominant for plates mates with a female homozygous recessive for plates, what are the possible genotypes of their offspring? What proportion of their offspring will have plates?
(100% will have plates and be heterozygous).
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Lesson 3: Probability and Punnett Squares
 
Guiding Questions: 
· How can we predict the offspring of two parents?
· What is probability?
· What is a Punnett square and how are they used?
Learning Objectives: 
· SWBAT create Punnett squares to predict the offspring of two parents.
·  SWBAT calculate the probability of offspring with various genotypes given the genotypes of the parents.
· SWBAT make ratios for phenotype and genotype.
Vocabulary: Probability, Punnett square



Materials:
- Active Inspire Slides
- Lab Books
- 18 sets of 2 paper bags with 2 popsicle stick alleles in each. Labeled with each parents genotype and the trait that students are investigating.
- The Internet to create the monster.
- Monster hand-out
- Homework page

[image: Macintosh HD:Users:vmetzler:Desktop:content_blocks_image_30.jpg][image: Macintosh HD:Users:vmetzler:Desktop:Gyenyame (1).jpg]Do Now: Formative Assessment (8 minutes; 5 to do, 3 to review)
1. The trait for horns is dominant. Toothless has no horns. What is his genotype for horns (name alleles and the term)? (homozygous recessive, tt)
2. Toothless has plates on his spine and the genotype Pp. His dad was homozygous dominant for plates. What was his dad’s genotype? (PP) Name the possible phenotype(s) and genotype(s) of his mother. (Plates or no plates, Pp or pp).
3. Two genes code for Toothless's color. What is this kind of trait called? (polygenic)
4. If the genotype tt codes for the trait of having teeth, what could his genotype be? (Tt or TT)
(I am using convergent questions to assess students’ knowledge and again to help students transfer their knowledge of genetics to novel scenarios. By using a character from the movie How to Train Your Dragon I am hoping to make a connection to students and also a connection to the homework about dragons last night. This formative assessment will assure me that I can move on to more divergent questions and more advanced material or inform me that students need more practice or different teaching techniques to help them understand the material more fully.) 

[image: Macintosh HD:Users:vmetzler:Desktop:Unknown-1.jpeg][image: Macintosh HD:Users:vmetzler:Desktop:Gyenyame (1).jpg][image: Macintosh HD:Users:vmetzler:Desktop:small-car-symbol-icon-1005072319.png] [image: Macintosh HD:Users:vmetzler:Desktop:Unknown.jpeg]Popsicle stick activity (15-20 minutes):
1. (Hamming it up): Today we will be creating two monsters that have lots of monogenic traits! (I will also read their instructions).
 [I will assign the following traits to each bag: 1. Height (tall(D)/short), 2. Size (big (D)/little), 3. Body Shape (S/ straight (D)), 4. Head shape (Squared/Round(D)), 5. Limbs (claws/no claws(D)), 6. Wings (wings/no wings(D)), 7. Eyes (Round (D)/pointed), 8. Teeth (Teeth/No teeth(D)), 9. Hair (Hair(D)/No hair)]
(This activity is dynamic in that it gives students a task, to create a monster together as a class. It will also be teaching them about the probability of offspring receiving different alleles from their parents. Also, if the ratios work out right, both sides of the class should actually have the same monster, which will hopefully lead to more discussion, which I will allow the students to dominate.) [image: Macintosh HD:Users:vmetzler:Desktop:Unknown-1.jpeg][image: Macintosh HD:Users:vmetzler:Desktop:Gyenyame (1).jpg]
Worksheet:
Creating a Monster!
1. You will be working in pairs. Each pair has two bags. Each bag represents a monster parent! What is the genotype of P1? ____ P2? _____ Name your trait: ____________.
2. Close your eyes and take one popsicle stick (allele) from each parent and write down the combination in your notes. Return the stick to the bag after each draw (This will be repeated 20 times). The genotype you get the most frequently will be the genotype for the monster’s trait you are decoding! Which genotype did you get most frequently? ___
3. Add up the number of homozygous recessive, homozygous dominant, and heterozygous genotypes and record the numbers on this paper and on the white board under the column representing the combination of your monster parent genotypes. (i.e. homozygous dominant x homozygous recessive). 

#homozygous recessive: ____ #homozygous dominant: ____ # heterozgous: ___

4. Next, you will Add up the total number of dominant phenotypes and calculate the ratios for phenotype, # Dominant : # Recessive and genotype, PP:Pp:pp (using the values from #3).
# Dominant phenotype: ___ # Recessive phenotype: ___
Ratio of homozygous dominant: hetero: homozygous recessive ____________ 
Ratio of dominant phenotype: recessive phenotype: ___

5. What are the genotypic ratios for each cross below?
i. Homo. Dom x Homo Recess ______  
ii. Homo. Dom x heterozygous ______
iii. Homo. Recessive x heterozygous _______
iv. Heterozygous x heterozygous _____
[I will ask each group to tell me which trait they will contribute to the monster and add it to the monster I will be creating online (http://www.gamesolo.com/flash-game/create-a-monster.html).]

(I will add up the numbers for each combination on the board. Together, the class and I will add up the numbers for each genotype in their combination. We will find a ratio. [The ratio we find should match up with the predicted probability of inheriting each allele.]) 

[Different combinations given to groups for same trait (5 samples per combination)].
v. Homo Dom x Homo Recess  
vi. Homo Dom x heterozygous
vii. Homo recessive x heterozygous
viii. Heterozygous x heterozygous

Punnett Squares: A lot easier than popsicle sticks!
[image: Macintosh HD:Users:vmetzler:Desktop:small-car-symbol-icon-1005072319.png]We could memorize these ratios, but there is a much easier way to model it using something called a punnett square. 

A punnett square is a helpful way to model crosses and the proportion of offspring with various genotypes and phenotypes. 

They operate similarly to a multiplication table.  The alleles are distributed from one parent (above) and from one parent on the side. (Show on slide)
[image: ][image: Macintosh HD:Users:vmetzler:Desktop:image039.jpg]

1. So when I want to cross two parents, I draw a square with the alleles for one parent on the top of the square and the alleles for the other on the side. 

2. I then distribute the alleles from the parents (one allele to choose from for either parent).
i. Cross 2 purple flowers from an all purple field = 2 PP parents. (draw parents in one punnett square of slide)
ii. Cross two white flowers from all white field = 2 pp parents. (draw)
iii. Cross two heterozygous purple flowers from offspring of PP and pp = 2 Pp parents (draw parents). 

3. Next, I complete the punnett squares, so I distribute one allele from each parent into each square.
4. I’m going to return to each Punnett square and…
A. Calculate the # homozygous dominant and recessive and heterozygous.
B. Calculate ratios for genotype and phenotype. 

5. Do these ratios match our popsicle stick combinations from earlier?
(If a couple students are doing well with these, I will ask them to come up and complete them or to give me their answers or predictions. [image: Macintosh HD:Users:vmetzler:Desktop:Gyenyame (1).jpg] This experience will help the students to grasp the concept more quickly and most likely retain the skill more long term. I’m speaking from my own experience there. I realize this seems a lot like rote memorization, but their practice with the skill in a variety of settings will allow them to learn about more advanced traits.).

[image: Macintosh HD:Users:vmetzler:Desktop:content_blocks_image_30.jpg]Homework: Make 4 punnett squares for one monogenic character (reference yesterday’s list). Count the number of homozygous dominant, recessive, and heterozygous. Calculate ratios for genotype and phenotype in each combination.
(I want students to have a choice about which character to create Punnett squares for so they can personalize their homework, making it into an investigation that may be tied to one of their interests. As students gain more practice creating Punnett squares, they may become more cognizant of the patterns and ratios of these crosses .

(I decided to make the second part of the lesson more complex than I originally planned. I didn’t want students to get confused so I initially planned for pairs to be investigating the same imaginary trait for the 3 combinations, but I realize that does not have an end result. By creating a class monster, it gives the lesson a fun purpose (in addition to learning more about heredity and probability). I also think that students have enough background knowledge to follow along with the monster activity and that they may get bored without a driving purpose. This also engages students’ imaginations and it will be nice to have an online model and final product that the whole class helped to create! 

Worksheet:
Punnett Squares
Create 4 punnett squares for one monogenic trait to predict offspring traits using the following combinations: 
1. Heterozygous x Heterozygous 
2. Homozygous Dominant x Homozygous Recessive
3. Heterozygous x Homozygous Dominant
4. Heterozygous x Homozygous Recessive
Monogenic Traits
· Free (dominant) or attached (recessive) ear lobes
· Dimples (dominant)
· Ability to roll the tongue (dominant)
· Ability to hyperextend the thumb like a hitchhiker (recessive)
· Mid-digital hair on fingers (dominant)
· Polydacytly (6 fingered hand—dominant allele)
· Widow’s peak (dominant)
· Horns in cows and goats (recessive)
· Wattles in goats (dominant)
Table of Contents
[bookmark: Lesson4]Lesson 4: The Exceptions to Mendelian Genetics & Determining parent from offspring

Guiding Questions: 
· Are there exceptions to Mendel’s original rules of heredity?
· How do we predict the probability of parents’ offspring having more than one trait?
Learning Objectives: 
· SWBAT differentiate between incomplete dominance and codominance.
· SWBAT predict the genotype of one parent from the offspring and the genotype of the other parent. 
Vocabulary: 
Incomplete dominance, codominance, multiple alleles, dihybrid cross 

Materials:

- Worksheet
- Active Inspire Slides
- Whiteboards and markers
Do Now: Mendel worksheet on incomplete dominance, codominance with your partner [image: Macintosh HD:Users:vmetzler:Desktop:content_blocks_image_30.jpg][image: ][image: Macintosh HD:Users:vmetzler:Desktop:Unknown.jpeg]
(10 minutes) Worksheet: Diagnostic and Formative Assessment
1.) It has been a year since your last experiment with the purple and white flowers. The abbot has informed you that he hates the peas with purple flowers so you have bought a new set of peas that have red flowers. You decide to breed your red flower peas with your white flower peas. What is your hypothesis about their offspring?  Explain your hypothesis using the vocabulary from the unit.
(Answer: My hypothesis is that they will all be red like with the purple and the white flowers. The purple was dominant over the white allele.)

When you return several months later you are surprised to find that all of your peas have pink flowers.  Explain how this result differs from your results of crossing purple and white flowers. Propose a hypothesis for why this might have occurred.
 
 (Answer: The purple trait was dominant over the white trait. I think there is no dominant allele for this trait! Incomplete Dominance)

2.) A monk from a visiting abbey arrives the next spring.  You excitingly explain all that you have discovered about pea plants to your new friend.  Upon hearing of your second experiment he tells you a story of two more of plants.  At his abbey he has pea plants with red flowers and pea plants with white flowers that come from the far of land of America.  When he bred these two plants together however he got not pink flowers but white flowers with red spots.  Why do you think this happened?  Is this related to why your flowers were pink or something different entirely?
(Answer: I think that both alleles are dominant in the trait so they’re both expressed! I think this is different from my Austrian red flowers that mix with the white flowered peas to produce pink flowers.)
(I decided to use the rest of this worksheet that I had the students begin in lesson 1. This kind of a narrative word problem engages students’ higher level thinking and reasoning, allowing students to imagine themselves as Mendel, trying to figure out these scenarios methodologically before fully learning about the concepts).

1. The first scenario explains a concept called incomplete dominance. The offspring of the red and the white flowers possessed one allele for red flowers (Fr) and one allele for white flowers (Fw) but neither is dominant over the other. Rather, they code for a blend of the two colors, which is pink! 

2. In the second scenario, the flowers are expressing both traits separately, spotted with reds and whites. Because both colors exist, we call this codominant. The genes of both parents express themselves in the offspring. 

Body:
Codominance and Incomplete Dominance (6 minutes)
[image: Macintosh HD:Users:vmetzler:Desktop:content_blocks_image_30.jpg][image: Macintosh HD:Users:vmetzler:Desktop:Gyenyame (1).jpg]Each pair has a white board. Come to a consensus about the following terms and write it on your board 30 seconds each! (I want to make sure I’m assessing the knowledge of all of the students, not just those who want to be involved): 
Here is an example of one of these phenomena: spotted rabbits (show slide). What kind of trait are they exhibiting since they are expressing two different colors? Here is a photo of chickens (silkies) that can either be black, white or blue (grayish). Which kind of trait is that exhibiting (incomplete dominance)? 

Are we all okay with those two concepts? Does anyone need more examples? Write a smiley face or No on your board. 
(One thing I am working on in my classroom is getting students to advocate for their own learning and let me know if they’re having any issues understanding. This is a new way to check for understanding that I haven’t tried yet). 

 (I wanted to show a few examples that students may either be familiar with or impressed by (blue chickens). Showing these will help them to transfer their knowledge and help them to gain experience in identifying codominant and incomplete dominant traits). 

Multiple Alleles (15 minutes)
- When you all were doing the dragon simulation you may have run across another genetic phenomena. Raise your hand if you remember the dragon trait of having horns. (Wait Time) Does anyone remember anything about options for the alleles? Answer on your white board with your partner. (30 seconds) (They were H, HU, and h). There were 3 alleles possible. Since there were more than 2, we call this Multiple Alleles, go figure! (Show the simulation screen shot on the screen). Does anyone remember which allele or alleles were dominant? Wait Time (Answer: HU is dominant over H and h. If HU is present the dragon will have one horn. H is dominant over h and h is the recessive allele). (6 min)

(I am using this to connect to their prior knowledge or experience of using the dragon simulation and also to activate their memories, getting them to think. I am intentionally pairing them up so they can talk to their partner about these questions. Also, I want to mix it up with using the boards and not using the boards almost as a scaffold). 

 ABO blood type (show blood type slide) 
-Does anyone know your blood type? If you are ever in need of blood, doctors must know your blood type so they know what kind of blood to give you or you could actually die! Blood type is a real-life trait that has multiple alleles.

If you remember when we talked about cell membranes, the allele IA codes for a carbohydrate on the cell membrane of the red blood cells. IB codes for another carbohydrate and i codes for no carbohydrate. If someone has the genotype ii, they express neither of the carbohydrates (O type). 

We call this Multiple alleles: In this case, more than one allele is dominant. Write the answer on your board: What is it called when more than one allele is dominant and both are expressed? (Codominant). There are still only alleles represented in the genotype, but there are 4 possible phenotypes (A,B,AB, and O). (5 min)

[image: Macintosh HD:Users:vmetzler:Desktop:content_blocks_image_30.jpg]If one parent has type A blood and another parent has type B blood, is it possible for them to have a child with type O blood? Complete a punnett square, using these pieces of knowledge to see if this is possible! ([image: Macintosh HD:Users:vmetzler:Desktop:Gyenyame (1).jpg]As a differentiation in one class, I may show them how to set up this question). Put your answer on your board and hold it up when you’re ready. I thought about using videos for one or more of these concepts, but I want students to be active and solving problems throughout the period so they can get more practice with the concepts and punnett squares). 

Alright, so you all just investigated if an offspring’s genotype is possible using part of the information given about two parents! Good job! (4 min.)

Predicting P1 from F1 and P2. (10 Minutes)
We’re going to identify the possible genotypes of parents using information from the other parent and from the offspring.

 (Show slide): I worked at a farm last year and sometimes goats would be born with the cutest wattles! Wattles is a dominant trait but it’s pretty uncommon in most goats. We had a doe named Amaretto who had a kid named Beulla. They both had wattles but the buck (the father) did not. Use your whiteboards to answer these questions:
· If the buck did not have wattles, what is his genotype? (ww)
· Let’s find out the genotype of the mom based on her offspring and the buck’s genotype. Amaretto had some other kids, Basil and Rosie who did not have wattles.
· What is Amaretto’s genotype? Draw a Punnett square to help you out. Write on your whiteboard! 
· (She must be heterozygous dominant since some of her kids did not have wattles (ww)). (7 min.)

([image: Macintosh HD:Users:vmetzler:Desktop:Gyenyame (1).jpg]This activity gives me an opportunity to share a bit of my life with the students. It also emphasizes patterns  and challenges students to problem solve using punnett squares. Plus, goats are so cute. I could also differentiate in some classes and show them how I would begin to solve this problem).

· If we began breeding Amaretto (Ww) with another buck and figure out that the phenotypic ratio of her kids (offspring) are about 3:1 (dominant: recessive), predict the genotype of the new buck using your whiteboard. (3 min)

Dihybrid Cross (6 minutes)
· How do you think we would predict the ratios of the inheritance for two separate traits? This is called a dihybrid cross. Remember, a monohybrid cross is the combination of 1 allele from each parent for one gene. 
· (Ideally I would like students to come up with two traits from peas or dragons or humans and the genotypes of the parents and then I can go through a dihybrid cross once. For some classes I may differentiate by prompting them with the traits of peas or giving an example, but I’m going to get them to vote. Do they want me to explain it or Mr. Anderson? [image: Macintosh HD:Users:vmetzler:Desktop:Gyenyame (1).jpg].) https://www.youtube.com/watch?v=Y1PCwxUDTl8 (start at 7:00)
· Or, continue in my description…
· Alright, so give me two traits from peas, dragons, or humans! Ok, now give me the parents’ genotypes for those traits, one trait at a time. 

· It will look something like this:
A. Peas can be round (dominant) or wrinkled, yellow (dominant) or green.
B. Offspring of Heterozygous Round, Heterozygous Yellow self test (self fertilization) (Rr, Yy)
C. Distribute letters like Foil method R+r (Y+y) = RY, Yr, RY, ry (for both parents)
D. Make punnett square; add up phenotypes, calculate phenotype ratios. 
E. If we have 100 seeds from this cross, how many will be round and yellow? Wrinkled and green?  (Using ratios here and patterns, above)

Homework: Use the remaining time to begin the Guinea Pigs Worksheet
(I like how this worksheet reminds students how the cross is arranged in the Punnett squares in case they forgot or did not understand the description in class. Then it gives students an opportunity to practice. Guinea pigs may not be the most thrilling creature, but I could talk a bit about what guinea pigs are used for in the U.S. (pets) vs. in other countries, like Peru (meat). I could include a fun question like which guinea pig would you eat if you were very hungry.  This will also give students a new organism to work with )



[image: ]
[image: ]
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[bookmark: Lesson5]Lesson 5: Flow Chart of Genetics, Formative Assessment (Quiz)

Guiding Questions: 
· How do all these genetic concepts connect?
Learning Objectives: 
· SWBAT create a flow chart, connecting various terms and concepts. 
· SWBAT assess their knowledge of genetic terms and concepts. 
Review! 

Materials:
- Notebooks
- White board
- Active Inspire slides
- Quizzes 

[image: Macintosh HD:Users:vmetzler:Desktop:content_blocks_image_30.jpg][image: Macintosh HD:Users:vmetzler:Desktop:Gyenyame (1).jpg]Do Now: Quiz (15 minutes)
Kameron’s friend gave him a plant that produces yellow peas and decided to cross it with his plants that produce green peas. Yellow is a dominant trait for peas. In order to determine the genotype of the yellow peas, he self-pollinated the yellow pea plant. 
1. What is this kind of cross called? ___________________
This yellow pea plant produced some green pea plants when it was self-pollinated. 
2. What is the genotype of the yellow pea plant? ___
3. Predict the genotypic and phenotypic ratio of the offspring of this yellow pea plant and Kameron’s green pea plant using a Punnett Square. (As a differentiation for some students, I will include a punnett square and spaces to fill out the genotypic ratio).
[image: ]
Genotypic Ratio:
YY:Yy:yy
#YY:__ #Yy: __ #yy: __
___ : ___ : ___
Phenotypic Ratio:
Yellow:Green
#Yellow: ___ #Green: ___




4. Explain what would happen if the yellow (dominant) and green (recessive) peas exhibited a codominant inheritance for color.
 (Answer: Some peas would be green and yellow!)
5. If Cameron crossed a pea plant with white flowers and one with red flowers and got plants with pink flowers, what kind of phenomena would he be observing?
(Answer: Incomplete Dominance)


(Assessing some of the learning objectives and vocabulary from Lessons 1-4 through a case study. These include: Calculating the probability of offspring receiving specific genotypes, phenotypes, test cross, incomplete dominance, codominance. I want to make sure I am getting a good measurement of my objectives. I also want students to apply their knowledge to real-life situations, which may transpose into students becoming interested in applying their skills and knowledge to scenarios in their lives).
Body: Genetics Flow Chart [image: Macintosh HD:Users:vmetzler:Desktop:Unknown-1.jpeg][image: Macintosh HD:Users:vmetzler:Desktop:small-car-symbol-icon-1005072319.png] (Remainder of Class)

(Ideally, I would like to have students work with their partner to make their own flow charts. I will only do this if students have had experience making flow charts in prior lessons or if I go over an example and they feel confident about them. I will use an example of an event from Saul that we’re all familiar with, like the fruit sale or freshman orientation).
 Intro to flow charts:
· We will be making a flow chart, connecting concepts of genetics and building our understanding of all these concepts and terms. 
· Before we do that, lets start by making a flow chart about something we are all familiar with. How about an event at Saul that we’re all familiar with? 
· Now, give me examples of important parts of the event. We’ll take 10-15 words and put them in our parking lot. If we’re using fall harvest day, we could think about using the vendors, animals, games, pie contest, students, teachers, food trucks, etc. Now we’ll figure out how to organize our information. Lets start with the event in the middle and then use connectors and words to connect these different aspects. 
· Note that we are looking for connections between all the words so we may have a lot of different connectors. 

1. Take out your notes, create a parking lot 10-15 terms we have reviewed or you have learned in the past week (Monday through Thursday). 
2. Collaborate with your partner to make a flow chart of Genetics or Heredity using connectors, processes, etc. 
3. The flowcharts should demonstrate your knowledge of these terms and your understanding of how they connect with each other in genetics/heredity. 
4. Ask if you need any help with these connections. Each word should connect to at least two different terms. 
5. These will be your exit slips! 
Make sure your 2-column vocabulary list is up to date!

(Flow charts and an excellent opportunity for students to make connections between different concepts and fill in any blanks in their understanding or correct misconceptions as they collaborate with their partner. This also serves as a metacognitive tool for students to analyze their understandings in the future). 
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Lesson 6: Pedigrees, carriers, sex-linked traits

Guiding Questions: 
· What is a pedigree and how is it used?
· What does it mean to be a carrier?
· How is a sex-linked trait different from an autosomal trait?
Learning Objectives: 
· SWBAT create a pedigree for a trait.
· SWBAT differentiate between a sex-linked and autosomal trait.



Materials:
- Notebooks
- White board
- Active Inspire slides
- Quizzes 
- Activity sheets (class set of reading)
- Essay Description

Do Now: (8 minutes- 3 to solve, 5 to discuss) Post a challenging problem from the quiz (or a similar question) for students to solve with their partner.
· Hand back quizzes and review.
Body:
Pedigree Intro: 
What is your first thought when you hear the word pedigree? A pedigree is like a family tree but is focused around a specific trait. Show example of widows peak (slide). Often used in breeding of plants and animals and also used with specific traits like disorders in families.
Example:
Draw a sample pedigree of my family, blue vs. brown colored eyes. Explain that this trait is coded for by multiple genes. What is this called? (Polygenic trait). There are only blue and brown eyed people in my family so that makes this easier! 
Carrier Intro and Example:
One thing you know about but we haven’t defined yet is a carrier. A carrier is someone who does not have a specific trait but carries an allele for that trait and can pass the trait down in the family. In the example of my family, who do you see as a carrier for blue eyes? So this person doesn’t have blue eyes, but has offspring with blue eyes. (Answer: My mom, mom’s parent). We use a symbol that is half filled in to model carriers. Carriers are typically used when talking about recessive genetic disorders. We’ll get into that soon. 
Pedigree Activity w/ Dwarfism and Dogs! [image: Macintosh HD:Users:vmetzler:Desktop:Gyenyame (1).jpg][image: Macintosh HD:Users:vmetzler:Desktop:Unknown.jpeg]

Worksheet: (First 4 pages as a class set)

[image: ]

(This article will challenge students to read a more scientific description of dwarfism and then combine their knowledge of Punnett squares with the new content of pedigree)
[image: ]
(This page gives examples of familiar species with dwarfism and also gives new, more humorous examples of dwarfism in a variety of species and breeds.)

[image: ]

[image: ]


1. What could be bred with a boston terrier to help its breathing problems? Draw a punnett square of the cross, studying the brachycephaly trait, assuming that the genotype of the boston terrier is Bb and that brachycephaly is a dominant trait. Remember that breathing problems are attributed to the B allele (dominant trait).




a. What percentage of the offspring would have the brachycephaly trait?

b. Draw a pedigree beginning with the parents and showing only the F1 generation (a litter of 8 puppies). Include the symbols for carriers, those affected by the trait and those unaffected by the trait.







2. Draw a dihybrid Punnett square showing the possible offspring of a cross between a Chihuahua and a Bulldog. Imagine that the Chihuahua has a genotype of Aa, showing the trait for ateliotism, but the Bulldog has the genotype of aa. The bulldog has a trait for brachycephaly (Genotype Bb), whereas the Chihuahua does not (Genotype bb). Bull dog: Bb, aa; Chihuahua: bb, Aa







a. What is the probability of this pair having a puppy with a trait for both ateliotism and brachycephaly? _____
b. Draw a picture of what this puppy might look like! 











1. Dog dwarfism activity with punnett squares, pedigrees
a. Introduce carriers (heterozygous) and their symbol in pedigrees.
Show video about selective breeding: http://www.hhmi.org/biointeractive/dog-breeding

[This activity introduces examples of dwarfism in several species. This is an exercise in scientific literacy and is a good opportunity to practice a new reading method. It is also an extension of the content we’re learning in class about pedigree. It incorporates more modeling and builds on students’ prior knowledge. We will soon be talking about genetic counseling and this gives students the chance to ‘play’ genetic counselor and engineer (NGSS) as they think about breeding different traits out of dogs (scientific practice).]

[image: Macintosh HD:Users:vmetzler:Desktop:content_blocks_image_30.jpg][image: Macintosh HD:Users:vmetzler:Desktop:Gyenyame (1).jpg][image: Macintosh HD:Users:vmetzler:Desktop:Unknown.jpeg] [image: Macintosh HD:Users:vmetzler:Desktop:small-car-symbol-icon-1005072319.png][image: ]Homework (formative assessment): 
Cloning and genetic modifications are often seen as touchy subjects due to the ethical dilemmas they pose to some individuals. 
· When we read about the dogs, we learned that dogs with brachycephaly have difficulty breathing and other complications may be present in these disorders including arthritis, cataracts, and shortened life spans. Is this human ‘art’ of selective breeding worth the pain it causes dogs?
· Has anyone ever eaten chicken? Raise your hand. If you have, you’ve eaten broiler chickens. (Show the picture). These are very efficient, meat producing animals, but some people think it is cruel for them to mature at rates in which they grow, often leaving them unable to walk or even stand. However, they are healthy otherwise and have a short and happy life, fed as much as they will eat.
· Lastly, we have the possible ethical dilemma of mono-cropping, which is causing the elimination of some heritage (old) varieties of fruits and vegetables. The most common varieties are the most efficient and often very hardy. However, people claim that we are losing some varieties and are concerned that the diminishing diversity may lead to issues like the potato blight that happened in Ireland in the 1800s. 
· This is your chance to research one of these potential issues, create a claim stating your stance on whether or not your case is an ethical dilemma and then back up your claim with evidence and reasoning for why your evidence backs up your claim!  
· You will also create a Punnett square and possible pedigree for a particular trait of one of your organisms. A topic will be due tomorrow! 
 Hand Out:
Selective Breeding – Ethical Dilemma?
Some people consider selective breeding to be an ethical dilemma. You all will be writing an essay addressing this potential ethical dilemma of the use of selective breeding in one of the three organisms:
Dogs (purebreds / miniatures)
Broiler chickens (for size, growth rate)
Plants (focus on raising several varieties of different crops)
1. Use the resources posted on website and take a stance on whether or not you think selective breeding is an issue (ethically, environmentally, etc) in your scenario. 
2. Include a sample pedigree and punnett square that you have created focusing on a specific trait from a dog, crop, or chicken. 
3. Identify if it is recessive or dominant and make sure it is an autosomal monogenic trait (ask me if you have a question about this). 
If you want to chose a different but relevant topic, talk to me!
Choose topic for tomorrow! Due: Friday (Lesson 9)
This will be worth the points of a small test/large quiz!
	Argumentative Ethical Essay
	Great! All parts are present
	A couple pieces are missing or incomplete
	Missing major components/ unclear
	Comments

	Identification of Side on Possible Ethical dilemma
The paper proposes a claim (5)  and describes a relevant ethical dilemma of selective breeding (5).
	10
	7-9
	6
	

	Argument backed up with reputable sources of evidence
The paper backs up the students’ claim (5) using at least 2 pieces of evidence (10).
	15
	12-14
	10
	

	Accurate use of genetic terms
The paper uses the required vocabulary (10) and includes a punnett squar (5) and pedigree (5).
	20
	15-19
	13-14
	

	Flow and Style
The paper presents a clear, organized, coherent and convincing line of thought. The paper includes an introduction and conclusion summarizing the key arguments.
The paper uses APA bibliographic referencing appropriately?
	5
	3.5-4.5
	2.5-3
	


(Adapted from Susan Yoon’s Rubric for course 627, University of Pennsylvania, 2014).

(This assignment utilizing problem-posing, getting students to look at both sides of a possible ethical dilemma and then create an argumentative essay, formulating a claim, backing it up with solid evidence and sound reasoning. They will also be incorporating their knowledge from the unit by tying in a Punnett square, pedigree and the use of terms from the unit, such as homozygous, heterozygous, dominant, recessive, etc. It will not be able to assess their knowledge of codominance or incomplete dominance and several other terms that may not apply to their scenario, so I will include an additional type of summative assignment at the end of the unit). 

(I chose these topics because I think students will be interested in at least one of the topics. Students at Saul study in one of the following areas: Animal, Food, Plant, or Environmental Science. I incorporated a variety of topics including the crop dilemma, which could catch the attention of the last three areas of study. I also included the chicken example particularly for students with interests in animal or food science. The dog scenario is for students who may not have as much of an interest in agriculture. This may also be a differentiation, as it connects to the topic we began discussing today. Many students have dogs and have expressed interest in canines in the past, so this is a good way to connect to their lives. I didn’t want to choose cows, sheep, or anything directly related to Saul because it may give some students an advantage or students may be weary of hearing about these livestock.)
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[bookmark: Lesson7]Lesson 7: Sex-linked traits
  
Guiding Questions: 
- What is a sex-linked trait?
- What kinds of traits are sex-linked?
Learning Objectives: 
-SWBAT distinguish between sex-linked and autosomal traits when looking at a pedigree.
-SWBAT create a Punnett square for a sex-linked trait.
-SWBAT explain the inheritance of different sex-linked traits.

Materials:
- 16 paper lunch bags (parents labeled, trait labeled and color-coded)
- 16 sets of 4 popsicle sticks (containing different combinations of alleles; each combination is repeated twice). 
- “Brain Pills”

Do Now: (10 minutes—5 to do, 5 to review) [image: Macintosh HD:Users:vmetzler:Desktop:content_blocks_image_30.jpg]
1. Identify the topic of your essay due Friday.
2. You are cross-breeding two types of roses. One is heterozygous dominant tall (Tt) with red flowers (RR). The other is short (tt) with white flowers (rr). What is the probability that its offspring will be Tall with white flowers? (Create a dihybrid cross).
3. If Rr offspring produce pink roses, what would we call this trait?
(This will be a formative assessment on students’ knowledge from last week, concerning dihybrid crosses and alternate forms of dominance. If students do not do well on this assessment, I will be informed that they need more practice)!
Body: Sex-linked traits: (I will draw this on the board, talk, and involve students) 
(10 minutes)
a. 22 pairs of chromosomes. Can be xx pairs or xy pairs
b. Do you know which letters represent the female chromosomes? (Female = xx chromosomes); Males? (males = xy. Punnett square (Draw example))! ½ xx, ½ xy  (50% chance of having a girl, 50% chance of boy)
c. Gametes have only one chromosome (Who can explain what a gamete is or give an example?): Sperm either have an x or a y, all eggs have x.
i. X chromosome can code for 1500 genes; Y codes for 78 genes (far fewer)
ii. Y codes for development of testes
iii. X can carry gene mutation for hemophilia (blood clotting improperly), colorblindness (x-linked recessive)
- In x-linked recessive (What do you think?): both X’s must contain gene that codes for mutation.
A. Female must get two chromosomes that have gene coding for mutation. 1/49,000,000 (xhxh)
B. Male only gets one X chromosome. If gene is present on male’s X, he will have the mutation. (Y doesn’t matter). 1/7000. (xhy)
- X-linked Dominant: 
C. It only takes one affected chromosome to pass the trait (XAY+, XAX+, or XAXA will be affected)
D. Very few disorders—Rhett syndrome (causes physical and intellectual disability).
-Y-linked:
A. Very rare. Y recessive and dominant are the same. X+YA is affected. 

(At this point if students seem uncomfortable with these traits, I will do the popsicle stick activity. If students seem comfortable, I will just give them create the Punnett squares (formative assessment [image: Macintosh HD:Users:vmetzler:Desktop:content_blocks_image_30.jpg]) with all of the combinations and review. I thought about going through all of this information using a power point with pedigrees and having students look at the pedigree and predict which kind of sex-linked trait they were representing, but I wanted them to do a more inquiry-based activity. This activity is inquiry-based because it allows students to try out these combinations using their prior knowledge to draw conclusions about the trends they are observing. This is a scientific practice explained by NGSS and also incorporates patterns, and using evidence from Punnett squares to make claims about probability and patterns. I decided to provide an introduction to this sex-linked traits rather than doing activity before lesson from scratch. My classes have had difficulty with activity before lesson, and so I am trying to using the method of introduction-activity-lesson so that they are making some discoveries on their own but are given a more firm foundation on which to guide their activity and theory-making).     
Activity:[image: Macintosh HD:Users:vmetzler:Desktop:Gyenyame (1).jpg][image: ][image: Macintosh HD:Users:vmetzler:Desktop:small-car-symbol-icon-1005072319.png] (I will set up the tables in a circle or a serpentine today, so the bags can be passed smoothly. This might also change the atmosphere of the classroom, giving it more of a learner-focused feel).

(25 minutes) For the group that understands: You’ll notice that your group has a bag. Ignore that bag. Instead, work with your partner to create a Punnett square for each combination in the worksheet and predict the probability of having a girl with the trait, a boy with the trait and a girl as a carrier. Do this for each combination and record the trends of inheritance you are noticing within certain kinds of traits. Make sure you are coming to a consensus on each problem! (Consensus!)

(30 minutes) For the group that is confused: You’ll notice that your group has a bag. Your set of bags represents a particular kind of trait (X-linked recessive, dominant or Y-linked). You also have one set of parents who each has 2 alleles coding for the trait. So, you might have an x-linked recessive trait (it will say that on your bag) with a father who is unaffected and a mother who is a carrier (containing just one recessive allele). You will take one popsicle stick from each bag 10 times (returning the sticks after each pick) and record how many affected sons, affected daughters, and carrier daughters you have.You will then create a punnett square for the couple and determine the probablilty that they will have a boy with the trait, a girl with the trait or a girl who is a carrier. When you are finished, pass your bags to the next group. DO NOT GET THESE BAGS MIXED UP. We will pass these bags around a couple times before discussing this as a group (unless things are going quickly). [image: Macintosh HD:Users:vmetzler:Desktop:Unknown-1.jpeg]

	
	Xa
	Xa

	X+
	XaX+
	XaX+

	Y+
	XaY+
	XaY+


 (I will come around and distribute “brain pills” to encourage students to work harder. This could serve as positive reinforcement and/or echo the learner-based environment I have been trying to establish in my classroom).

(For this group, I decided to incorporate a similar popsicle stick activity as the one we used in lesson 3. Students may be not have much confidence about their knowledge of sex-linked traits, but it is my hope that their memory will be jogged as they remember the earlier popsicle stick activity. Before they switch their bags for the second time, hopefully they will be able to point out that they could use the punnett squares rather than the popsicle sticks (an assessment in disguise) and using a constructivist approach, this may help them to build on their knowledge from a different angle). 
 
Worksheet:
Trends in Sex-Linked Traits
Draw a punnett square for each scenario and record probabilities of affected and carrier offspring. Record common trends for each type of sex-linked trait.
1. X-linked Recessive Trait (The ability to be invisible)
Female expresses trait with XaXa
Male expresses trait with Y+Xa
				
				Probability of…Affected son:
A. Unaffected X+Y+ Dad   		Affected daughter:
Affected XaXa Mom			Carrier daughter:


				Probability of…Affected son:
B. Unaffected X+Y+ Dad		Affected daughter:
Carrier XaX+ Mom			Carrier daughter:



				Probability of…Affected son:
C. Affected XaY+ Dad		Affected daughter:
Unaffected X+X+ Mom		Carrier daughter:


				Probability of… Affected son:
D. Affected XaY+ Dad		Affected daughter:
Carrier XaX+ Mom		Carrier daughter:

E. Trends observed in X-linked Recessive:

2. X-linked Dominant: (The ability to breathe underwater)
If genotype contains XA, individual expresses trait.

A. Affected XAX+ Dad	Probability of… Affected son:
    Unaffected X+X+ Mom			   Affected daughter:



B. Unaffected X+Y+ Dad		Probability of…Affected son
Heterozygous affected Mom XAX+		Affected daughter:

C. Unaffected X+Y+ Dad		 Probability of… Affected son:
Homozygous affected Mom XAXA			Affected daughter:

D. Trends observed in X-linked dominant trait:


3. Y-linked (The ability to fly)
If male has affected allele, he will have the trait.

A. Affected YAX+ Dad	Probability of… Affected son:
Unaffected X+X+ Mom		Affected daughter:


B. Trends observed in Y-linked trait:





Exit Slip: List one question you have about sex-linked traits and disorders or a question about heredity. Ask your neighbor for help with ideas if you are struggling. 

(I want students to have the opportunity to formally pose questions and turn them in. By collecting these, I may have a better idea of their interests related to genetics or questions or misconceptions I should address).
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[bookmark: Lesson8]Lesson 8: Genetic Disorders
Guiding Questions: [image: ][image: Macintosh HD:Users:vmetzler:Desktop:Unknown.jpeg]
· What are some disorders that genetically inherited or caused by mutations? 
· What (if anything) can be done to treat these disorders?
Learning Objectives: 
· SWBAT accurately construct a punnett square and/or pedigree of a family with this disorder.
· SWBAT apply a new method of reading with a group to enhance their understanding of a genetic disorder
· SWBAT recognize some differences that exist between the causes of various genetic disorders.
Materials:
· Hand-outs
· Research articles or computers
· 11x16 papers (for posters)
· 
· Markers

[image: Macintosh HD:Users:vmetzler:Desktop:content_blocks_image_30.jpg] [image: Macintosh HD:Users:vmetzler:Desktop:Gyenyame (1).jpg]Do Now:
1. What do you call a trait that is influenced by more than one gene? 
2. If we want to figure out the genotype of a plant, what can we do?
3. Blood type is a trait that has more than two allele options. What is this called?
4. To calculate the probability of more than one trait being present in the offspring, we could do this. 
(This is my first time testing their vocabulary in the traditional fashion of a word-bank quiz. This is part of my differentiation and including a variety of assessments).Multiple Alleles, Dihybrid Cross, Test Cross, Polygenic



 Body: Genetic Disorder Research (45 Minutes: 25 min. to prepare poster, 20 min to present (2.5 min each) 
· There are over 6,000 known genetic disorders in the world.
· 10% of adults and 30% of children who are admitted to the hospital due to genetically-related disorders. Just realize that this may include complications like 
heart disease, which is influenced by both genetics and environmental conditions (http://www.prnewswire.com/news-releases/the-genetic-disease-foundation-gdf-encourages-americans-to-know-their-genes-at-knowyourgenesorg-in-observance-of-world-rare-disease-day-85763017.html).
- I can almost guarantee you will someday meet someone with a genetic disorder if you haven’t already (you might not even know you have). 
· Today we will be researching one disorder, creating a poster and then presenting it to the class. You will be taking notes on your disorder as well as on the others, answering the questions on your hand out. You are responsible for getting this information the first time they present it! [image: Macintosh HD:Users:vmetzler:Desktop:Unknown.jpeg]
· You’ll also notice that each member of the group has a specific role. You’ll notice that on the back of each person’s hand out there is a role assigned to you. You may switch these roles in the beginning, but you must follow through with your responsibilities throughout the class period. [image: Macintosh HD:Users:vmetzler:Desktop:Gyenyame (1).jpg]


Hand Out (I’ll give them a hand-out with just one disorder on it):

Genetic Disorders 
1. Read about a particular genetic disorder (one resource provided for each group).
a. Sickle Cell Anemia: http://ghr.nlm.nih.gov/condition/sickle-cell-disease
b. Cystic Fibrosis: http://ghr.nlm.nih.gov/condition/cystic-fibrosis
c. Hemophilia: http://ghr.nlm.nih.gov/condition/hemophilia 
d. (sex-linked recessive) (For a more advanced group)
e. Color vision deficiency: http://ghr.nlm.nih.gov/condition/color-vision-deficiency (sex-linked recessive)
f. Huntington’s Disease: http://ghr.nlm.nih.gov/condition/huntington-disease
g. Y chromosome infertility: http://ghr.nlm.nih.gov/condition/y-chromosome-infertility
h. Albinism: http://www.medicalnewstoday.com/articles/245861.php
i. CIPA: http://ghr.nlm.nih.gov/condition/congenital-insensitivity-to-pain-with-anhidrosis
2. Assign role to each member of the group: summarizer, note-taker, designer of the poster, speaker. You will read this article aloud with your group and the summarizer will summarize what was said after each paragraph. Note-taker will record this summary after each paragraph. The speaker presents the poster and is also responsible for asking any questions to clarify words in the article as you read (what is autosomal?). Make sure you know what they’re saying before you write it down! Designer will design the poster and delegate responsibilities for making the poster (or make it himself). The designer is also responsible for answering any questions of the speaker. ([image: ])
3. Each group will create a small display answering specific questions about the disorder (11x16) and present these to the class.
a. How is it passed down? Autosomal recessive, X-linked dominant, Y-linked recessive, etc. 
b. What are the symptoms?
c. Is there a treatment for this disorder?
d. Show a sample punnett square and/or pedigree beginning with a mother affected by the disorder. ([image: Macintosh HD:Users:vmetzler:Desktop:content_blocks_image_30.jpg])
4. You will take notes on all of these disorders as students are presenting. 
(Students participated in a similar activity when I was introducing cell theorists earlier in the fall. Students enjoyed this activity, but did not have enough time to go around the classroom to look at everyone’s posters. I am hoping to give students more time to present the posters so that others can write down the key points. I think this activity engages students’ minds through reading and summarizing as well as thinking creatively. It gives students an opportunity to collaborate with each other and also use their knowledge of heredity. The activity teaches them a new way to read through articles using a summarizer and having a questioner. Hopefully this is a sufficient scaffold toward a more full-fledged version of reciprocal teaching in the future). 
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Lesson 9 Genetic Counseling and Gene Therapy

Guiding Questions: 
-What would cause an individual to see a genetic counselor?
-How does gene therapy treat someone with a genetic disorder?  
Learning Objectives: 
-SWBAT describe the job of a genetic counselor.
-SWBAT distinguish between genetic counseling and gene therapy.
- SWBAT identify the pros and cons of gene therapy.
Materials:
· Computer for videos
· Active Inspire Slides
· Students’ notes!

Do Now: Posted on screen (7 minutes—4 to answer, 3 to discuss) [image: Macintosh HD:Users:vmetzler:Desktop:content_blocks_image_30.jpg]
1. Predict why someone with a genetic disorder would go to a genetic counselor. 
2. Knowing what physical therapy is, predict what gene therapy might do. (WORD CLOUD)
Discussion: What did we think a genetic counselor would do? Ask for some suggestions from specific students. 
(This will be used as a diagnostic assessment to gauge students’ knowledge and will be utilized throughout the lesson).
Body: 
Genetic Counseling: (15 min)  [image: Macintosh HD:Users:vmetzler:Desktop:Gyenyame (1).jpg]
First, let’s investigate what a genetic counselor’s job might look like! Who knows, maybe this is a career that you might pursue! Take notes on what the counselor does and why people would want to see a genetic counselor. WRITE THAT DOWN 
1. https://www.youtube.com/watch?v=x38ELQ7-p7s  (3 minutes)
https://www.youtube.com/watch?v=U5aBfCbQeY0 (30 seconds)
Okay, can someone summarize what she said (after each video)? (6 min)

2. Genetic Counselor: Master’s in Genetic Counseling after earning a BA or BS. 68,000/ year; Outlook = Excellent (heightened public awareness and increasing scientific technologies.
a. Someone with a family history of genetic disorder, who got pregnant after 35, who already have a child with a genetic disorder, or have had an ultrasound or screening that suggests possible problem may be interested in receiving counsel about their risk and what to do.
b. A counselor will outline their family history and risks of inheriting disorder, etc.
c. They may advise possible tests, treatments, and supports but will not pressure a client to pursue a specific treatment. (4 min)
(Throughout this year I want to push students to take more responsibility for their own learning, which is part of scaffolding for inquiry and independent questioning and critical thinking. Too often I hear students asking me to repeat answers or wondering what they should be writing down. I’ve been giving students guided notes and although these are still guided, I am removing some of the scaffolds and pushing students to be more independent. Hopefully students will be more motivated since this topic may hold more value, considering it is a potential career).  
Gene Therapy: (28 minutes)
Now, let’s look at gene therapy. These are some of your ideas about gene therapy (show word cloud that was created during the video). 
1. These are the questions to consider while watching/after watching the video. Read now. (Post on screen for students to write down).
A. What were the benefits of using gene therapy in this scenario? (Saved lives! Is able to save money in the future)
B. What are the drawbacks? (deaths, cost, is society ready?)
C. Summarize how you think gene therapy worked in this scenario. (Introducing a virus to blood stem cells so that new RNA is produced and proteins are produced by these blood cells that are lacking in the cells impacted by the disorder). (6 min)
(I’m excited to use this engaging Ted Talk as part of my lesson, describing the importance of gene therapy. This will help to differentiate my teaching for students who are visual or auditory learners. It will also allow for students to hear an emotion-rich story paired with the science and the process of gene therapy. This video affords us the opportunity to also bring up the effects of structure of the RNA, virus, cell, and protein on function of the cells and of the brain). [image: Macintosh HD:Users:vmetzler:Desktop:Gyenyame (1).jpg]

https://www.youtube.com/watch?v=Ez560GnkSrE 1:35- 11:39, 13:00-15:27
Pause video to discuss questions or review what was just said (especially during the explanation of the therapy). (13 minutes of video, 7 discussion) 

(2 min) So it is basically treating disorder by altering, adding or replacing a gene.
A. Another Example: Introduce ‘correct’ gene with a virus into the lungs. It must be a virus without immune response so that it is accepted by the lung cells that normally have Cystic Fibrosis. (show picture)
i. Normal gene may be inserted into DNA at random.
ii. Altering the mutation of the gene by changing sequence
(2 minutes): Tomorrow we will have a quiz over everything we learned in the unit. Since we also have the ethical dilemma essay, this quiz is not as large as a test, but we want to make sure you understand this material. Make sure you study and take responsibility for your own learning. Make a chart, ask yourself questions, make flashcards of the terms, and practice making Punnett squares! 

If time allows (doesn’t look like it will): In the Ted Talk, they mentioned that genetic engineering is going into gene therapy. What do you think about the tweaking of the cells in our bodies? Can this get us into trouble? If so, does this mean we should stop while we’re ahead?
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[bookmark: Lesson10]Lesson 10: Summative Quiz[image: Macintosh HD:Users:vmetzler:Desktop:Gyenyame (1).jpg][image: Macintosh HD:Users:vmetzler:Desktop:content_blocks_image_30.jpg]
What to include: codominance, incomplete dominance, sex-linked traits, genetic counseling, gene therapy, multiple alleles, monogenic, polygenic, Mendel, dihybrid cross, P and F1 F2 Generations, test cross, determining genotypes using parent information as well as offspring.

(I may adjust the scenario of this quiz in accordance with the interests of the students. I wanted to make a simpler version of the test for students who have trouble reading or focusing on their assessments. I will also have a review game prior to the quiz so that students’ brains are warmed up before taking the quiz).

Jeremy decided he is going to raise Angora rabbits and eventually make a soft scarf for his girlfriend! He has two female black rabbits and plans to breed them with his friend’s white buck (male). He saw this really cool speckled yarn at Michael’s but was astonished to see that the kits (baby rabbits) turned out mostly gray and a couple of them were white like the dad or black like their moms. 
1. What kind of a trait was Jeremy expecting to see?

2. What kind of trait is actually represented by the gray kits with black and white parents?

3. If we wanted to label the parent generation, what symbol (abbreviation) would we use to do this? How would we label the first generation of offspring? (i.e. The __ Generation).

4. Thankfully, only one gene codes for the color of rabbit wool unlike human hair and skin. What do we call a trait that is determined by one gene?

5. What do we call a trait that is determined by multiple genes?

6. White is a recessive trait for rabbits. Use a punnett square to determine the genotype of the black female moms if they both had gray, black, and white kits.

7. Jeremy has been noticing that one of the male kits has an unusually large muscle in his hind leg, which allows him to propel himself high into the air! He called the vet who said your young buck has a rare genetic disorder called Hoppihitus. Hoppihitus is an x-linked recessive trait. Neither of the parents posess this trait! What is going on here? Draw a punnett square and explain where this Hoppihitus came from using at least two terms from the chapter. 

8. Jeremy is very concerned about what might happen if he breeds the buck with Hoppihitus to other rabbits in the future. His mom tells him that this condition is not good for the rabbit and he should not breed him. His uncle tells him he should breed this rabbit with high-jumping rabbits and enter the offspring in competitions. He’s really stressed about all these mixed messages. What professional help should Jeremy seek to gain a neutral stance?

Test B, specifically for ELL students and students with language based learning differences:
Jeremy bred a black rabbit with a white rabbit. The offspring were white, black and gray.

1. What kind of trait is this?

2. If the rabbits had black and white spots, what kind of trait is this?

3. We call the parents the ___ generation (abbreviation/symbol).

4. We call the offspring the ____ generation. 
5. There is only one gene that codes for color. What kind of trait is this?

6. Which kind of trait is affected by more than one gene? 

7. Create a punnett square to find the genotype of the black mother. Remember, black is a dominant trait and white is a recessive trait. 




8. One of Jeremy’s baby rabbits has a genetic disorder. His parents do not have this disorder and the vet says that it is x-linked recessive. Use a punnett square to find out where the baby rabbit got this allele.





9. Where would you go for professional help if you had questions about your genetic history or are concerned about genetic disorders in your family?
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DIHYBRID CROSS Name ___________________________



Phenotypic ratios - How many, out of 16 are: 



                  
Black,  Short        Black, Long         White, Short White, Long



________________ ______________________         ______________________          _____________________



A cross (or mating) 



between two organisms 



where two genes are 



studied is called a 



DIHYBRID cross.  



The genes are located on 



separate chromosomes, so 



the traits themselves are 



unrelated. 



Fill out the genotypes 



of each of the 



offspring to 



determine how many 



of each type of 



offspring are 



produced.  



BB = black



Bb = black



bb = white



LL = short hair



Ll = short hair



ll =  long hair
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How many of the offspring are:



Black, Short  ______



Black, Long  ______



White, Short  ______



White, Long  ______



How many of the offspring are:



Black, Short  ______



Black, Long  ______



White, Short  ______



White, Long  ______










How many of the offspring are:

Black, Short  ______

Black, Long  ______

White, Short  ______

White, Long  ______

How many of the offspring are:

Black, Short  ______

Black, Long  ______

White, Short  ______

White, Long  ______
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What Is Parthenogenesis?
Achondroplasia is a form of osteochondrodysplasia in which the bones (osteo- means bones) do not grow to 
the normal size from the cartilage (chondro- means cartilage) at the end of the limb bones. This is caused by 
an autosomal dominant mutation of the fibroblast growth factor gene as fibroblasts are specialized cells that 
enable endochondral ossification, or transition from cartilage to bone. The result is abnormally short limbs, 
a condition called dwarfism. In some breeds this trait is selectively encouraged, such as with the dachshund, 
Skye terrier, and Welsh corgi. Other breeds that are reported to be affected are bulldogs, German shepherds, 
basset hounds, Boston terriers, pugs, Pekingese, Japanese spaniels, shih-tzus, beagles, English pointers, cocker 
Spaniels, and Scottish terriers.



Symptoms and Types
Larger than normal head
Undershot jaw with shorter nose
Crooked teeth due to shorter jaw
Abnormal bone shape
Poor growth or lack of growth



Bones appear shorter than normal
Enlarged joints
Sideways bowing of forelimbs – front legs  
are more likely affected
Spinal deviation to either side of the body



 



Causes 
Achondroplasia is an autosomal dominant genetic disorder, meaning that 
it can be passed along by either gender and only one parent need carry the 
gene for an offspring to be potentially affected. However, if both parents 
pass this dominant mutation to the same child, it is lethal and the child 
does not survive. (See cross at the right).
Since achondroplasia is dominant and all people affected are heterozygous, 
all affected people are able to pass on the gene fornormal height. So this 
means that even if both parents have dominant dwarfism, they can still have 
children of normal height as you can see in the family below made popular 
on the television show “Little People, Big World.”



Complete a Punnett square using the parents from right
to show how children of normal height are possible.



Dwarfism:
Achondroplasia Across the Species



Name: _______________________
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Zoo Genetics: Key Aspects of Conservation Biology



8 – Dwarfism: Achondroplasia Across the Species



Achondroplasia in Other Species 
More and more species have been discovered to have achondroplasia including some dogs, cats, chickens, cattle, rabbits, 
horses, and more. The results are the same: shortened limbs due to improper bone growth. It is important to understand 
that this results in disproportionate body parts; some horses are “miniaturized” but this is not an example of achondroplasia 
as their bodies are proportionate. Some breeders over long periods of time have selectively bred for these mutations as they 
see them as desirable. Here are a few examples:



Dachshunds were originally bred to hunt in small spaces so their short legs 
were a benefit to their owners. Their name actually means “badger dog.”



Pugs have a long history of breeding, back as far as 400 B.C. It was originally 
bred in China and was a popular companion to monks in monasteries and 
became a royal favorite in Europe in the 1500s



Corgis, due to their small stature, had been brought to Europe around 1107 AD 
for their ability to herd small livestock like sheep, geese, and ducks.



Basset hounds are scent hounds and their short stature, originating from a  
mutation, allowed them to be the perfect hunter of small prey like foxes.



Munchkin cats newer mutation that appeared in the 1940s and has been bred  
only for its unique look and temperament as a pet.



Dwarf horses possess short extremities as the upper leg growth is inhibited. Like most dwarf  
individuals in other species, head and body are typically normal but limbs are shortened. The 
dwarfism gene is estimated to exist in more than 25% to around 50% of miniature horses. These 



dwarfs can live fairly normal lives and often do not suffer as severe health problems from their disorder compared to other 
species that exhibit dwarfism. Premature arthritis is the most common affliction associated with this phenotype. Unlike 
humans, achondroplasia is recessive in horses.



Chabo chickens have graced the gardens of the Japanese aristocracy for well 
over 350 years. Historical evidence suggests that the Japanese Bantam originated in 
Southeast Asia, where it is still raised today. One unusual characteristic of Japanese 
bantams is extremely short legs. The achondroplasia trait is mainly caused by a 
single lethal gene, and all Japanese bantams are heterozygous. When the bantams 
are bred, 25% of the embryos receive two mutant alleles and die before hatching. 
50% of the embryos receive one mutant allele and one wild type allele and are 
shortlegged. The remaining 25% receive two wild type alleles and have legs that 
are longer than the heterozygous dwarves. When the long-legged birds are bred 
together, they never produce offspring with short legs.
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f)Using the pedigree at the right, explain why inbreeding was more likely to produce a dwarf horse than  
outbreeding.  __________________________________



_____________________________________________



_____________________________________________



_____________________________________________



_____________________________________________



Highly Valued Genetic Disorders? What makes dogs small
There are three common and valued genetic conditions in dogs that result in stunted growth: pituitary (ateliotic)  
dwarfism which results in proportional miniatures, micromelic achondroplasia which results in only shortened limbs, and  
brachycephalic achondroplasia which shortens the head. 
All of these conditions are genetic disorders and all of them are definitive features of some 
breeds, often in combination. These disorders may have started out as random mutations, 
but they are no longer accidental and unwanted as they are written into the breed standards 
as required traits. The breed experts don’t want to breed these conditions out of the genetic 
line, as they demand they breed true, producing more of the same. 
Most of the toy breeds are ateliotic dwarfs. These include Chihuahuas, Boston terriers, 
Italian greyhounds, Maltese, Miniature pinschers, Miniature spaniels, Pomeranians, toy 
poodles, Yorkshire terriers, and more. This form of dwarfism is caused by a deficiency in 
somatropin which results instunted growth of all somatic cells in the body. Ateliosis is a reces-
sive allele.
Achondroplasia only truly affects limb development as the literal translation from the Greek is as follows: “A-“ meaning 
“no,” “chondro” meaning “cartilage” and “plasia” meaning “growth or change.” Thus, the literal meaning of Achondroplasia 
is “Defective growth of cartilage” and that’s pretty much what it is. 
In general, it serves as the name for a cluster of similar disorders of 
the cartilage and bone (osteochondrodysplasias). This means the 
cartilage at the end of the limb bones doesn’t ossify into bone, leav-
ing them disproportionately shorter than the rest of the body.
The most obvious effects of Achondroplasia occur in the long bones 
of the leg and “micromelic” means “short limbs.” Micromelic breeds 
include Basset hounds, bulldogs, Corgis, dachshunds, Lhasa apsos, 
Scottish terriers, Shetland sheepdogs, among others. Micromelic 
achondroplasia is a dominant allele.
Another form of Achondroplasia that doesn’t lead to what we com-
monly consider dwarfism but which likewise results in insufficient 
growth of bone is Brachycephalic achondroplasia which shortens 
bones in the skull. In dogs, shortening of the mid-face and max-
illa (upper jaw) and shortening of the mandible (lower jaw) are 
inherited separately. Boxers have a shortened upper jaw, but their 
lower jaw is normal and they are normal sized in all other respects, 
whereas Boston Terriers have both upper and lower brachycepha-
lism and are also ateliotic dwarfs, so they are proportional but small 
with flattened faces.
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These disorders exist with other health complications sometimes present. These include luxating patellas (kneecaps that pop 
out of joint), arthritis, cataracts, and shortened lifespans. But, none of these disorders can be removed from breeds without 
fundamentally altering the breed itself. The Miniature Dachshund would simply be a Dachshund if you removed the  
pituitary dwarfism, but most of the other dogs no longer have a perfect corresponding wild type breed. After centuries of 
breeding for these traits, these traits are here to stay as a pug wouldn’t be a pug without the traits that make it a pug.
Now watch the following video clip on selective breeding/artificial selection:  
http://www.hhmi.org/biointeractive/dog-breeding



What is selective breeding, also known as artificial selection? _________________________________________________



Many dog breeds have been well-documented over time. Using the approximate dates provided for which each breed was 
first recognized, arrange them appropriately on the timeline below and answer the following questions.



Based on the timeline, hypothesize as to when the brachycephaly trait appeared and was selected for by dog breeders.
Explain how you came to your answer. Approximate date: __________________



Evidence: _______________________________________________________________________________________



_______________________________________________________________________________________________



Based on the timeline, hypothesize as to when the ateliotism trait appeared and was selected for by dog breeders.
Explain how you came to your answer. Approximate date: __________________



Evidence: _______________________________________________________________________________________



_______________________________________________________________________________________________
Based on the timeline, hypothesize as to when the micromelism trait appeared and was selected for by dog breeders.
Explain how you came to your answer. Approximate date: __________________



Evidence: _______________________________________________________________________________________



Bulldogs have midface and upper jaw brachycephaly so their lower jaw juts outand they have trouble breathing; they also 
have micromelic achondroplasia as their legs are short and bowed while their trunk is not significantly different than other 
dogs of that size. Miniature dachshunds carry both forms of body dwarfism, but their faces are unaffected.
And what do you get when you combine all three disorders? A Pug.
The most completely achondroplastic dog breeds are the toy imports of EastAsia origin (bracycephalic + micromelic achon-
droplastic + ateliotic) and include the Pekingese, the Shih Tzu, and the Pug. The body-forms of these triply achondroplastic 
breeds represent the simultaneous superposition of all three varities of achondroplasia – micromelic (limbs), maxillary (upper 
jaw), and mandibular (lower jaw) – on a smaller frame. Thus, the Pug’s disproportionately stumpy legs that tend to bow 
result from micromelic achondroplasia. The Pug’s bulging forehead (frontal bossing), large, bulging eyes (exophthalmos), 
and short midface (midface hypoplasia) all reflect maxillary achondroplasia. The Pug’s short lower jaw expresses mandibular 
achondroplasia. The Pug’s extraordinarily flat face and crowded teeth are a result of the simultaneous expression of both 
maxillary and mandibular achondroplasia.
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