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April 13 April 14 April 15 April 16 April 17 
Standard:  
BII- 2.1, 2.2, 2.5 
 
Learning Tasks:  
Read article and complete Cornell 
notes 
  

Standard:  
BII- 2.1, BII- 2.2, BII- 2.5 
 
Learning Tasks:  
Use the article/notes to create a 
graphic organizer 
 

Standard: 
BII- 2.1, BII- 2.2, BII- 2.5 
 
Learning Tasks:  
Calculating Haploid and Diploid 
 

Standard: 
BII- 2.1, BII- 2.2, BII- 2.5 
 
Learning Tasks:  
Complete Vocabulary Practice A & 
B 
  
 

Standard: 
BII- 2.1, BII- 2.2, BII- 2.5 
 
Learning Tasks:  
Complete Vocabulary Practice C & 
D 

Extension Activities 
HHMI Video and  Activity- Genes 
as Medicine  (link below) 

Extension Activities 
HHMI Video and  Activity- Genes 
as Medicine  (link below) 
 

Extension Activities 
HHMI Video and  Activity- Genes 
as Medicine  (link below) 
 

Extension Activities 
HHMI Video and  Activity- Genes 
as Medicine  (link below) 
 
 

Extension Activities 
HHMI Video and  Activity- Genes 
as Medicine  (link below) 
 
 

April 20 April 21 April 22 April 23 April 24 
Standard: BII-2.3, BII-2.4, and BII -
2.5 
 
Learning Tasks:  
Read and Study the Meiosis Notes 
and Diagrams for at least 30 
minutes 

Standard: BII-2.3 and BII-2.4 
 
Learning Tasks:  

Wild 
Meiosis Discussion Questions 
 
 

Standard: BII-2.4 
 
Learning Tasks:  
Complete the Crossing over Paper 
Modeling Activity and Analysis 
Questions 
 
 
  
 

Standard: BII-2.4 and HB.1A.4 
 
Learning Tasks:  
Complete the Independent 
Assortment Dragon Genetics Lab 
(2 Day Activity)  

Standard: BII-2.4 and HB.1A.4 
 
Learning Tasks:  
Complete the Independent 
Assortment Dragon Genetics Lab 
(2 Day Activity) 

Extension Activities 
Explore the Various Genetic 
Virtual Labs and Modules (link 
below) 

Extension Activities 
Explore the Various Genetic 
Virtual Labs and Modules (link 
below) 
 

Extension Activities 
Explore the Various Genetic 
Virtual Labs and Modules (link 
below) 

Extension Activities 
Explore the Various Genetic 
Virtual Labs and Modules (link 
below) 

Extension Activities 
Explore the Various Genetic 
Virtual Labs and Modules (link 
below) 
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Site Links for Extensions: 
Genes as Medicine - https://www.hhmi.org/biointeractive/genes-medicine  

Genetic Virtual Labs and Modules - https://learn.genetics.utah.edu/content/basics/?nt=1 

Functions of genes, chromosomes, and genetic disorders- https://ghr.nlm.nih.gov 

 

April 27 April 28 April 29 April 30 May 1 
Standard: BII-2.6  
 
Learning Tasks:  
Read the Genetics Power Point 
Notes and Complete the Genetics 
Worksheet  
 
 
  
 
 
 

Standard: BII-2.6 and HB.1A.4 
 
Learning Tasks:  
Read the Instructions for the 
Family Health Tree Project.  
Design you Interview Questions  
 
 
  
 

Standard: BII-2.6 and HB.1A.4 
 
Learning Tasks:  
Interview Relatives for Family 
Health Tree Project 
 
 
  
 

Standard: BII-2.6 and HB.1A.4 
 
Learning Tasks:  
Finish Relative Interviews and 
Create a Project Presentation  
 

Standard: BII-2.6 and HB.1A.4 
 
Learning Tasks:  
Complete Project Presentation 
and Complete the Self-Assessment  
 
Presentations may be videoed, or 
submitted via phone or 
conference call by appt with 
teacher. 
 

Extension Activities 
Explore the functions of genes, 
chromosomes, and genetic 
disorders. (link below) 
 

Extension Activities 
Explore the functions of genes, 
chromosomes, and genetic 
disorders. (link below) 
 

Extension Activities 
Explore the functions of genes, 
chromosomes, and genetic 
disorders. (link below) 
 
 

Extension Activities 
Explore the functions of genes, 
chromosomes, and genetic 
disorders. (link below) 
 

Extension Activities 
Explore the functions of genes, 
chromosomes, and genetic 
disorders. (link below) 
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Week 1 Assignment Outline 

 

April 13, 2020:  Read article and complete Cornell notes 

April 14, 2020:  Use Article and notes to create a graphic organizer 

April 15, 2020:  Finishing touches/Complete Graphic organizer 

April 16, 2020:  Calculating Haploid and Diploid 

April 17, 2020:  Vocabulary Practice 

 

Standards: 

BII-2.1 Distinguish the relationship between DNA, genes, and chromosomes for characteristic traits. 

BII-2.2: Explain the significance of the chromosome number in gametes. 

 

Objective: 

To verify understanding that DNA ultimately determines characteristic traits. 
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April 13, 2020  Read What Are Genes? And Complete Cornell Notes 
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             Name __________________ 

What are Genes? 

Key Points/Questions Notes 
  
Explain the structure 
of DNA. 
 
 
 
What is the 
significance of the 
number 23,46, and 
20,000 in human 
cells? 
 
How are genes like 
the alphabet? 
 
Explain the analogy 
genes: recipe. 
 
Define allele: 
 
 
Why do sperm and 
egg have 23 
chromosomes? 
 
 
How is a new person 
developed after 
fertilization? 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Summary: 
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April 14, 2020-   

Overview: 

Concept maps are an ideal way to assess student understanding and encourage higher order thinking. 

 

 

 Your concept map should contain the following terms: DNA. Chromosomes, Genes, alleles, sperm, egg. 
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April 15, 2020: Calculating Haploid and Diploid 

Analyzing Data 
Calculating Haploid and Diploid Numbers 

Haploid and diploid numbers are designated by the algebraic notations N and 2N, respectively. Either number can be 
calculated when the other is known. For example, if the haploid number (N) is 3, the diploid number (2N) is 2 × 3, or 
6. If the diploid number (2N) is 12, the haploid number (N) is 12/2, or 6. 

The table shows haploid or diploid numbers of a variety of organisms. Copy the table into your notebook and 
complete it. Then, use the table to answer the questions that follow. 

Trait Survey 

Organism Haploid Number Diploid Number 

Amoeba N=25  

Chimpanzee N=24  

Earthworm N=18  

Fern  2N=1010 

Hamster N=22  

Human  2N=46 

Onion  2N=16 

 
1. Calculate  What are the haploid numbers for the fern and onion plants? 

 
 
 

2. Interpret Data  In  
 
 

 
3. Apply Concepts  Why is a diploid number always even? 

 
 
 
 

4. Evaluate   
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April 16, 2020: Vocabulary Practice      Exercise A and B.
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April 17, 2020: Vocabulary Practice      Exercise C & D.
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Extension activity 

 

NAME_______________________   DATE_________________  

This handout supplements the short film Genes as Medicine. https://www.hhmi.org/biointeractive/genes-medicine 

1. True/False. Soon after a gene associated with childhood blindness was discovered in the 1990s, Drs. Bennett and 
Maguire were able to offer a gene therapy treatment for children. _______ 

2. Explain the reasoning or evidence you used to answer question 1. 

3. In the film you met Molly, who has a form of childhood blindness called Leber amaurosis (also called Leber 
congenital amaurosis, or LCA). Her blindness is caused by _______ a. early exposure to intensely bright light. 

b. an eye injury she received at a young age. 
c. mutations in a gene that is necessary for maintaining sight. 
d. a viral disease in her nervous system that moved into her eyes. 

4. For many genetic diseases, children inherit the disease-causing mutations from their parents. What was the likely 
 

a. Only females can have Leber amaurosis, so Molly must have inherited the genetic mutation only from her 
mother. 

b. Molly became blind from new mutations that occurred in her eye as a baby. 
c. Molly ended up with childhood blindness because both of her parents were blind when they were children. 
d. Molly inherited a mutation in the same gene from each of her parents. 

5. Which statements are reasons that eyes are a good target for clinical trials related to genetic medicine? 
_______ 

I. Eyes are easy to access. 
II. Eyes are the least important of the five senses. 
III. Eyes in humans are identical to eyes of other species used in animal models. IV.

 One eye can be treated while the other can act as an experimental control. a. I and II only 

b. II and III only 
c. III and IV only 
d. I and IV only 

Short Film 
Student Handout 

Genes as Medicine   
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6. The gene therapy technique designed by Drs. Bennett and Magui
as a vector to deliver the corrective gene into one of her eyes. What necessary step must be taken before viruses 
are used in this way? _______  

a. Patients must first take flu medicine to help them avoid any flulike symptoms that the virus causes.  
b.  
c. 

carries.  
d. Doct

deliver the corrective gene.  
  
7. Explain unique characteristics of viruses that make them useful tools for gene therapy.  
  
  
  
  
8. As a final test of their technique to cure Leber amaurosis, Drs. Bennett and Maguire needed a large animal model 

that was similar to humans.  a. What animal did they choose?   
  
  

b. List at least three reasons that this animal was a good model for testing a cure for childhood blindness.   
  
  
  
  
  
9. Mutations to the RPE65 gene can cause Leber amaurosis. Why is it a mistake to call RPE65 

  
  
  
  

  
10. Sketch and annotate a diagram that shows how Molly ended up inheriting non-functional alleles for the gene 
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Week 2  April 20th through April 24th 
 

 
 

 
 
Week 2 Assignments Outline  
 
April 20, 2020  Review Meiosis Notes and Diagram  
April 21, 2020  Read the Article and Complete the Meiosis Discussion Questions 
April 22, 2020  Complete the Crossing Over Activity and Analysis Questions  
April 23, 2020  Complete the Independent Assortment Activity (2 Day Lab) 
April 24, 2020  Complete the Independent Assortment Activity (2 Day Lab) 
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April 20, 2020  Review Meiosis Notes and Diagram  
Standards: BII-2.3 and BII-2.4  

Objective  Make sure you understand the Vocabulary, Steps of Meiosis, and be able to 
distinguish between Meiosis I and Meiosis II 

 
Directions: Read and Study the Meiosis Notes and Diagram for at least 30 minutes 

 
Meiosis Notes 
I. Human Life Cycle is Diploid Majority 

A. Somatic -body cells. 
1. These cells contain 46 chromosomes inside them. They are 2n  diploid. 2n=46) 
2. Karyotypes will display all 46. (A karyotype is basically pictures of the chromosomes.) 

 
3. Homologous same Chromosomes can be seen. (These are called Autosomes) 44 = 22 pairs 

exist in all human cells. If female, the two sex chromosomes are the same too... two X 
chromosomes. 

4. Heterologous different Chromosomes may be seen in males. These may be the 2 sex 
chromosomes. In males, there is one X and one Y chromosome. 

a. Female (XX); Male (XY) 
B. Germ  

1. These cells contain 23 chromosomes. They are n  haploid. n=23 
2. Fertilization, which is the fusion of egg (from the female) and sperm (from the male) 

together, must occur to be able to reproduce. 
a. This fusion between egg and sperm produces a single diploid cell called a zygote. 

Haploid + Haploid = Diploid; n + n = 2n; 23+ 23=46 
b. The zygote goes on, through repeated mitosis, to produce the new multicellular 

organism. 
 

II. Meiosis -  
A. This process occurs in the sex organs of the organism. These organs are called Gonads. 
B. This process has 1 DNA replication followed by 2 cell DIVISIONS therefore the result is 4 haploid 

cells. 
1. Remember that the S phase doubles the amount of DNA. In humans, when all 46 

chromosomes are replicated, therefore the parent cell has 2x (96 chromosomes) the DNA of a 
non-dividing cell. 

2. Meiosis I (This division is the separation of chromosome pairs.) This takes the cell back to 
diploid (a full set of chromosomes (e.g. 46 in humans). 

3. Meiosis II (This division is the separation of sister chromatids.) In humans, 46 -> 23 
chromosomes. 

C. In this process, Males produce 4 haploid sperm; each having 23 chromosomes. 
D. In this process, Females produce 1 haploid egg with 23 chromosomes due to the need for additional 

cytoplasm and cell membrane. The other three cells (polar bodies) degrade. 
E. Stages to the process of Meiosis 

1. These stages are very similar to the stages of Mitosis. 
2. Three major differences from Mitosis are present to increase variation. (Remember, Mitosis is 
normal cell division. It basically makes clones of the adult. No variation exists.) 
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a. Crossover 
(Creates 
variation.) 
b. Chromosome pairs independently assort as they line up in Metaphase I (Creates 
variation.) 
c. Sister Chromatids separate in Anaphase II. (Creates Variation.) 

 
 

III. Crossover  
 

     Chromosomes.) 
B. Synapsis  

means  
C. Tetrad -  

different shapes.) 
D. Chiasmata  

for  
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IV. Major differences between Mitosis and Meiosis: 
A. The number of divisions (Mitosis has 1; Meiosis has 2) 
B. The final products of each process. Mitosis   variable 
      haploid gametes. 
C. Crossover, in Prophase I, creates variation--No crossover in Mitosis. 
D. Chromosome pairs vs. sister chromatids separating in the second division to REDUCE chromosome 
      number to haploid. 
 

 
 
V. Evolution Implications 

A. The genetic variation within individuals, produced during meiosis (both prophase  crossing over, 
and metaphase  segregation and independent assortment), along with random fertilization (the 
recombination of two haploid genomes) between individuals emerges as genotypic and phenotypic 
variety within a population. Natural selections occur as a result of this variety and drives the 
adaptation of a population over time. 
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April 21, 2020  Read the Article and Complete the Meiosis Discussion Questions 
Standards: BII-2.3 and BII-2.4 

Objective  Make sure you understand the Steps of Meiosis and be able to distinguish between 
Meiosis I and Meiosis II 

 
Directions: Read the following Article by national Geographic and answer the discussion questions 
 

"Virgin Birth" Seen in Wild Snakes, Even When Males Are 
Available 

Who needs males? Sexless reproduction might be surprisingly common. 
B Y  K E R  T H A N , F O R  N AT I O N A L   G E O G R A P H I C   N E W S 

P U B L I S H E D   S E P T E M B E R   1 5 , 2 0 1 2 
 

"Virgin birth" among animals may not be a rare, last-resort, save-the-species stopgap after all. For the first time, 
animal mothers, specifically pit vipers, have been discovered spawning fatherless offspring in the wild. More to 
the point, the snakes did so even when perfectly good males were around. 
 
Among vertebrate animals that normally reproduce sexually, virgin birth, or parthenogenesis, had been 
observed in only captive female snakes, Komodo dragons, birds, and sharks. Until now it's been considered an 
evolutionary novelty, albeit one that made a sort of sense a way for a bloodline to continue in the absence of 
suitable fathers. For the study behind the find, published in this week's issue of the journal Biology Letters, a 
team led by biologist Warren Booth of the University of Tulsa in Oklahoma captured pregnant copperhead and 
cottonmouth (see picture) females from fields where males were present. When the snakes gave birth, the 
researchers documented the physical and genetic characteristics of the litters. Tests showed that 1 of the 22 
copperhead mothers had given birth parthenogenetically, as had 1 of the 37 cottonmouth snakes collected a 
ratio Booth finds surprisingly high. "The fact that we find it in such small sample sizes is quite remarkable," 
Booth said. "What we're going to do now is go back to these populations and do sampling year-to-year to see if 
we can find instances of parthenogenesis again." 
 
 
Virgin-Birth Mysteries 
Why would female snakes undergo parthenogenesis when males are available? One possibility: It might have 
been the only way they could reproduce. Booth noted that the copperhead that underwent parthenogenesis was 
smaller than usual and perhaps passed over by males in favor of fitter females. Other scientists have suggested 
that parthenogenesis is a kind of random reproductive mistake. Booth himself is investigating the possibility 
that a bacteria or virus is the trigger. Another mystery: Each of the two virgin-birth litters consisted of a single 
snake. A normal copperhead litter might number between 6 and 9, while cottonmouths can spawn up to 20 
offspring. Also, the two virgin-birth baby snakes were both male. That might just seem like the luck of the 
draw, except that every known parthenogenetic snake offspring has been male a certifiable scientific mystery. 
"It would be interesting to see if we can find females," Booth said. "There's no reason realistically why we 
shouldn't find females, but in all of the [snake] species that we've looked at ... they've all been males." 
It's also unknown whether animals born by parthenogenesis can reproduce normally or have virgin births 
themselves. Parthenogenetic offspring often exhibit abnormalities or die early. That shouldn't surprise anyone, 
Booth said, since it's essentially "a severe form of inbreeding." 
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You're Safe for Now, Men 
A virgin birth occurs when a polar body a cell produced along with the egg essentially functions like a 
sperm and "fertilizes" the egg. As a result, the DNA of a virgin-birth offspring, or "parthenogen," doesn't 
perfectly match that of its parent the offspring is a sort of half clone. So far, parthenogenesis has only been 
observed among sharks, reptiles, and birds (which are closely related to reptiles). Mammals 
aren't thought to be capable of parthenogenesis, because their reproduction requires copies of genes from both 
parents. "So no human parthenogenesis anytime soon," said Stony Brook University marine biologist Demian 
Chapman, who discovered virgin birth among blacktip sharks. "We'll leave that to the snakes, birds, and 
sharks." 
 
 
 
Discussion Questions:  
 
1.  What cellular process produced the virgin-birth offspring, Mitosis or Meiosis? Justify your answer with 
evidence from the text.  
 
 
 
 
 
 
 
 
 
2.  The article describes the virgin-birth offspring as parthenogen. Describe what parthenogen means and how 
they provide genetic variation, if any, to the population of snakes.  
 
 
 
 
 
 
 
 
 
 
3. The parthenogens are describes as a extreme form of inbreeding. Explain why Meiosis would create more 
genetic variation. 
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April 22, 2020  Complete the Crossing Over Activity  
 Standards: BII-2.4 

Objective  Visualize the Crossing-over of alleles during Meiosis to create genetic variation in 
a population 

 
Directions: Follow the procedures listed below to create a paper model of crossing-over and answer the 
analysis questions  

 
Updated January 07, 2020 
By Heather Scoville 
 
Introduction: 
Genetic diversity is a very important part of evolution. Without different genetics available in the gene pool, 
species would not be able to adapt to an ever-changing environment and evolve to survive as those changes 
happen. Statistically, there is no one in the world with your exact same combination of DNA (unless you are an 
identical twin). This makes you unique. 
 
There are several mechanisms that contribute to the large amounts of genetic diversity of humans, and all 
species, on Earth. Independent assortment of chromosomes during Metaphase I in Meiosis I and random 
fertilization (meaning, which gamete fuses with a mate's gamete during fertilization is randomly selected) are 
two ways your genetics can be mixed during the formation of your gametes. This ensures that every gamete you 
produce is different from all of the other gametes you produce. 
 
What Is Crossing Over? 
Another way to increase genetic diversity within an individual's gametes is a process called crossing over. 
During Prophase I in Meiosis I, homologous pairs of chromosomes come together and may exchange genetic 
information. While this process is sometimes difficult for students to grasp and visualize, it is easy to model 
using common supplies found in pretty much every classroom or home. The following lab procedure and 
analysis questions can be used to help those struggling to grasp this idea. 
 
Materials 
2 different colors of paper 
Scissors 
Ruler 
Glue/Tape/Staples/Another attachment method 
Pencil/Pen/Another writing utensil 
 
Procedure 

1. Choose two different colors of paper and cut two strips out of each color that are 15 cm long and 3 cm 
wide. Each strip is a sister chromatid. 

2. 
place with glue, tape, staple, a brass fastener, or another method of attachment. You have now made two 

 
3. 

each of the sister chromatids. 
4. 

chromatids of that chromosome. 
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5. 
the sister chromatids. 

6.  
sister chromatids of that chromosome. 

7. Place one sister chromatid of one of the chromosomes over the sister chromatid over the other colored 

 
8. Carefully tear or cut the sister chromatids that have crossed over so that you have removed your letter 

 
9. Use tape, glue, staples, or another 

now end up with a small part of the different colored chromosome attached to the original chromosome). 
10. Use your model and prior knowledge about crossing over and meiosis to answer the following questions. 

 
 
Analysis Questions 

1.  

2.  

3. When is the only time crossing over can occur? 

4. What does each letter on your model represent? 

5. Write down what letter combinations were on each of the 4 sister chromatids before crossing over 

happened. How many total DIFFERENT combinations did you have? 

6. Write down what letter combinations were on each of the 4 sister chromatids before crossing over 

happened. How many total DIFFERENT combinations did you have? 

7. Compare your answers to number 5 and number 6. Which showed the most genetic diversity and why? 
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April 23, 2020 & April 24, 2020  Complete the Independent Assortment Activity 
Standards: BII-2.4 and HB.1A.4 

Objective  Students learn the principles of independent assortment in hypothetical dragons. 
Students learn how these principles derive from the behavior of chromosomes during meiosis 

and fertilization 
 

Directions: Read the following lab information and procedures to model dragon phenotypes and 
complete Punnett Square Analysis on allele inheritance patterns to showcase Independent Assortment 
 

Dragon Genetics 
-- Independent Assortment and Genetic Linkage 

 
This activity, by Dr. Ingrid Waldron and Jennifer Doherty, Department of Biology, University of Pennsylvania, © 2008,  

incorporates ideas from Dragon Genetics Lab, 2002, Bob Farber, Central High School, Philadelphia, PA and  
Dragon Genetics by Dr. Pamela Esprivalo Harrell, in the January 1997 issue of Science Scope, 20:4, 33-37.1 

 

In this activity you will study the patterns of inheritance of multiple genes in (imaginary) dragons.  
These dragons have two pairs of homologous chromosomes in each cell.  You will see that, since 
genes are carried on chromosomes, the patterns of inheritance are determined by the behavior of 
chromosomes during meiosis and fertilization.   
 

The Law of Independent Assortment 
-- Inheritance of Genes on Different Chromosomes 

 
For this activity, we will only consider one gene on each chromosome.  These genes are described in 
the following table. 

  Dominant Alleles  Recessive Alleles 
Chromosome 1  W = has wings  w = no wings 
Chromosome 2  H = big horns  h = small horns 

 
The mother dragon is heterozygous for the wing gene (Ww) and the horn gene (Hh).  The father is 
homozygous recessive for the wing gene (ww) and the horn gene (hh).  What phenotypic traits will 
each parent have?  (Phenotypic traits are the observable bodily characteristics.)  Draw the 
appropriate characteristics for each parent. 
 

Mother      Father    

                                                       
 

                                                 
1 Teachers are encouraged to copy this student handout for classroom use.  A Word file (which can be used to prepare a modified version if desired), 
Teacher Preparation Notes, comments, and the complete list of our hands-on activities are available at http://serendipstudio.org/sci_edu/waldron/.   
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Review of Inheritance of Single Genes 
 
Draw a Punnett Square to show the inheritance of the horn alleles for a mating between this mother 
and father.   

  
 
 

  
 
 

 
 
On average, what fraction of the baby dragons will have big horns? 
 
 
Predictions of Inheritance of Two Genes on Different Chromosomes 
 
To predict the inheritance of the wing and horn genes, you first need to determine the genotypes of 
the eggs produced by the heterozygous (WwHh) mother dragon and the sperm produced by the 
homozygous (wwhh) father dragon.  Considering both the wing and horn genes, what different 
genotypes of eggs could the heterozygous mother dragon produce?  Use the figure below to answer 
this question.   
 
Notice that, in a cell that is prepared for meiosis 1, the homologous chromosomes are always paired 
with each other, but the specific arrangement of the chromosomes can differ.  Describe this difference 
and the effect that this has on the genotypes of the eggs produced. 
 

 

Two equally 
probable 

chromosome 
arrangements in 

Meiosis I: 

or 
 
 
 
 

Meiosis II: 

or 
 
 
 

Gametes 

or 
 
 
 

with Genotypes: 

or 
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What genotypes or genotype of sperm can the homozygous (wwhh) father dragon produce?  Draw a 
diagram to show how meiosis would occur in the father, starting with a diploid cell ready to undergo 
meiosis 1 and ending with four haploid sperm. 
 
 
 
 
 
 
 
 
 
 
The next step in predicting the inheritance of the wing and horn genes is to predict the outcome of 
fertilization between these eggs and sperm.  In the following chart, label the gene on each 
chromosome in each type of zygote that could be produced by a mating between this mother and 
father.  Then, fill in the genotypes of the baby dragons that result from each zygote and sketch in the 
characteristics of each baby dragon to show the phenotype for each genotype. 

Mother (WwHh) 
   

           w   h 
 
 

 
           w   H 

 
           W   h 

 
           W  H 

 
 
Father 
(wwhh) 

 
     
    w  h 

zygote 
 
 
 
 
 
Genotype of 
baby =______ 
 
Phenotype: 
 

 

zygote 
 
 
 
 
 
Genotype of 
baby =______ 
 
Phenotype: 
 

 

zygote 
 
 
 
 
 
Genotype of 
baby =______ 
 
Phenotype: 
 

 

zygote 
 
 
 
 
 
Genotype of 
baby =______ 
 
Phenotype: 
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This type of mating involving two different genes is more typically shown as a Punnett square with 
four rows and four columns (see below).  Notice that, because the father is homozygous for both 
genes, all his sperm have the same genotype, so all four rows are identical. 

  Mother (WwHh) 

  wh wH Wh WH 

F
a

th
er

 
(w

w
h

h
) 

wh wwhh wwHh Wwhh WwHh 

wh wwhh wwHh Wwhh WwHh 

wh wwhh wwHh Wwhh WwHh 

wh wwhh wwHh Wwhh WwHh 

 
Considering only the baby dragons with wings, what fraction do you expect to have big horns? (To 
answer this question, it may be helpful to begin by shading in the two columns of the above Punnett 
square that include all the baby dragons with wings.) 
 
 
Considering only the baby dragons without wings, what fraction do you expect to have big horns? 
 
Do you expect that baby dragons with wings and without wings will be equally likely to have big 
horns? 
 
 
Procedure to Test Inheritance of Two Genes on Different Chromosomes 
 
To test whether baby dragons with wings and baby dragons without wings will be equally likely to 
have big horns, you will carry out a simulation of the simultaneous inheritance of the genes for wings 
and horns.  Since the father is homozygous (wwhh), you know that all of the father's sperm will be 
wh.  Therefore, to determine the genetic makeup of each baby dragon produced in your simulation, 
you will only need to determine the genetic makeup of the egg which is fertilized to become the 
zygote that develops into the baby dragon.  During meiosis, each egg randomly receives one from 
each pair of homologous chromosomes.  Your simulation will mimic this process.  
 
For this simulation, each of the mother's pairs of homologous chromosomes will be represented by a 
popsicle stick with the genes of one chromosome shown on one side and the genes of the other 
homologous chromosome shown on the other side.2  Since the mother dragon is heterozygous for 
both genes (WwHh), you will have one Popsicle stick representing a pair of homologous 
chromosomes which are heterozygous for the wing gene (Ww) and another Popsicle stick 
representing a pair of homologous chromosomes which are heterozygous for the horn gene (Hh).   
 
 
 
 

                                                 
2 For the purposes of this activity, we will ignore the sister chromatids of each chromosome, since they are not relevant for 
understanding the genetics discussed in this activity.  Also, we assume that both of the chromosomes under investigation 
are autosomes. 
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1.  Hold one Popsicle stick in each hand about 6 inches above the desk.  Hold each Popsicle stick 
horizontally with one side facing toward you and the other facing away (with one edge of the Popsicle 
stick on the bottom and the other edge on the top).  The two Popsicle sticks should be lined up end-
to-end, simulating the way pairs of homologous chromosomes line up in the center of the cell during 
the first meiotic division.  Simultaneously drop both Popsicle sticks on the desk.  The side of each 
Popsicle stick that is up represents the chromosome that is contained in the egg.  This indicates 
which alleles are passed on to the baby dragon.  Put a I in the appropriate box in the chart below to 
record the genotype of the resulting baby dragon.   
 
  Mother (WwHh) 
  wh wH Wh WH 

F
a

th
e

r 
(w

w
h

h
) 

 
 
wh 

Genotype of baby = 
wwhh 
 
Number of  babies 
with this genotype 
=____ 

Genotype of baby = 
wwHh 
 
Number of  babies 
with this genotype 
=____ 

Genotype of baby = 
Wwhh 
 
Number of  babies 
with this genotype 
=____ 

Genotype of baby = 
WwHh 
 
Number of  babies 
with this genotype 
=____ 
 

 
2.  Repeat step 1 three times to make and record three more baby dragons. 
 
 
Summary and Interpretation of Data 
 
1.  Compile the data for all the baby dragons produced by all the students in the following chart. 
        Mother (WwHh) 
  wh wH Wh WH 

F
a

th
e

r 
(w

w
h

h
) 

 
 
wh 

Genotype of  
baby =________ 
 
Number of   
babies with this 
genotype =___ 
 
Phenotype: 
Wings __  
   or no wings __ 
Horns big  __  
   or small __ 

Genotype of  
baby =________ 
 
Number of   
babies with this 
genotype =___ 
 
Phenotype: 
Wings __   
   or no wings __ 
Horns big  __  
   or small __ 
 

Genotype of  
baby =________ 
 
Number of   
babies with this 
genotype =___ 
 
Phenotype: 
Wings __   
   or no wings __ 
Horns big  __  
   or small __ 
 

Genotype of  
baby =________ 
 
Number of   
babies with this 
genotype =___ 
 
Phenotype: 
Wings __   
   or no wings __ 
Horns big  __  
   or small __ 
 

 
2.  Do any of the baby dragons with wings have small horns? 
 
Does either parent have the combination of wings and small horns?  (See page 1.) 
 
How did this new combination of characteristics (wings and small horns) arise in some of the baby 
dragons?  (Your answer will include events during meiosis and fertilization, so you may find it helpful to review 
the diagram of meiosis on page 2 and the chart of fertilization on page 3.) 
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3.  On page 3 you used your understanding of meiosis and fertilization to predict whether baby 
dragons with wings and without wings would be equally likely to have big horns.  What was your 
prediction? 
 
 
Use the class results shown above to complete the following table. 
 

 Fraction that have big horns 

 Baby dragons with wings Baby dragons without wings 

Results   

   
Do your results match your prediction?   
 
 
 
This example illustrates the Law of Independent Assortment, which states that, if two genes are on 
different chromosomes, then the alleles for these genes separate independently of each other during 
the formation of eggs or sperm.  Therefore, the traits determined by these two genes are inherited 
independently.   For example, the wing gene and the horn gene are located on different 
chromosomes so they are inherited independently. 
 
Genes on different chromosomes are inherited independently of each other because each pair of 
homologous chromosomes lines up independently of the others when the chromosomes line up in the 
center of the cell near the beginning of the first meiotic division.  Consequently, when the pairs of 
homologous chromosomes separate during the first meiotic division, the chromosome that has an H 
allele is equally likely to end up in the same egg with the chromosome that has the W allele or with 
the chromosome that has the w allele.  (This is illustrated in the figure on page 2.)  In this activity, 
when you dropped the two chromosome Popsicle sticks, each stick independently landed with one 
particular side up, and this corresponds to the independent assortment of chromosomes and their 
alleles during meiosis. 
 
4.  To illustrate how the Law of Independent Assortment applies to humans, consider the inheritance 
of the recessive allele for sickle cell anemia (s, located on chromosome 11) and the SRY gene.  The 
SRY gene is located on the Y chromosome and the SRY gene results in male development.  This 
explains why a person who has both an X chromosome and a Y chromosome in each cell is a male, 
and a person who has two X chromosomes and no Y chromosome is a female. 
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Suppose that a father and mother are both heterozygous for the allele for sickle cell anemia (Ss).  
The following Punnett square shows the inheritance of the sickle cell and SRY genes, with X 
representing the X chromosome with no SRY gene and Y representing the Y chromosome which 
does have an SRY gene.  Complete the Punnett square. 

  Mother (SsXX) 

  SX sX SX sX 

F
a

th
er

 
(S

s
X

Y
) 

SX     

sX     

SY     

sY     

 
Based on this Punnett square, what fraction of the sons will have sickle cell anemia?   
 
What fraction of the daughters will have sickle cell anemia?   
 
Is there any sex difference in the risk of inheriting sickle cell anemia? 
 
The Law of Independent Assortment applies to genes which are located on different chromosomes, 
but it does not apply to genes which are located near each other on the same chromosome, as you 
will see in the next activity.  
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Lesson 2: Genetics 

1. What is genetics? ______________________________________________________ 

_____________________________________________________________________ 

2. How many pairs of chromosomes are in DNA? ________________________________ 

3. What is the function of chromosomes? ______________________________________ 

4. What happens when genes mutate? ________________________________________ 

___________________________________________________________________ 

5. What are single-gene diseases? ___________________________________________ 

_____________________________________________________________________ 

6. What are some examples of single-gene diseases? ____________________________ 

_____________________________________________________________________

_____________________________________________________________________ 

7. What are chromosomal diseases? What are the two categories? __________________ 

_____________________________________________________________________

_____________________________________________________________________ 

8. What are examples of non-fatal chromosomal diseases? ________________________ 

_____________________________________________________________________ 

9. What is gene therapy? ___________________________________________________ 

_____________________________________________________________________ 

10. What are genetic engineering and recombinant DNA? __________________________ 

_____________________________________________________________________

_____________________________________________________________________ 
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Overview:
In this project, you will interview a relative or friend who has a health problem and 
present your findings to the class. 

Materials

The items below are needed for this project. If needed, ask your teacher where supplies are 
located. 

 Notebook  
 Form: Family Health Tree  
 Student Self-Assessment Rubric 

1. Review the rubric. Reviewing the rubric will help you to understand how this project 
will be assessed. 

2. Get the Family Health Tree  
3. Think of a relative or friend with a health problem whom you could interview. Make 

sure you consider whether this person would be willing to share his/her health 
 

4. 
condition at the top of the form. 

5. Under Interview Questions, develop at least 5 questions to ask the person during the 

experiences with the health care system, including health care workers.  
6. After class, set up an interview date and time according to your tea

instructions. During the interview, use your Family Health Tree form as a guide. Take 
notes on another sheet of paper so that you can organize your thoughts later. 

Post-Interview

1. Get your interview notes and your Family Health Tree form.  
2. Organize your notes and write answers to each of your questions on the form.  
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Present

1. Present your findings from the interview to the class. In your presentation, be sure to 
include stories and experiences that your relative shared with you. 

2. Ask questions of other students as they finish their presentations. 

Self-Assess

1. Assess your performance on the project using the rubric. 
2. Submit your Family Health Tree form and self-assessment form according to your 
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FAMILY HEALTH TREE 

 
Name of Relative Relationship to You 

Age Medical Condition 

Interview Questions 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(Use additional paper if necessary. Make sure to put your name and class on the paper) 

Human Growth and Development                                                      Student Self-Assessment Rubric 
Reinforce Activity: Family Health Tree 

Student Name: _______________________________________     Class Period: _____________     Date: ______________ 

 

 
 
 
 
 
 
 
 
 
 

 Not Attempted Emerging Improving Good Excellent 
Criterion #1 
Interview Form 

The project was not 
attempted. 
 
 
 
 

0 points 

The form includes less 
than 5 questions. 
 
 
 
 
                              1 point 

The form includes 5 
questions. Some 
answers may be 
irrelevant and lack 

experiences.  
                            2 points 

The form includes 5 
questions. Answers are 
relevant and include 
examples 
experiences.  
 
                            3 points 

The form includes more 
than 5 questions. 
Answers are relevant 
and include examples 

experiences.  
                            4 points 

Criterion #2 
Presentation 

The project was not 
attempted 
 
 
 
 
 
 
 
 
 

0 points 

The speaker wandered 
off topic or did not 
progress through the 
information logically. 
 

 
 
 
 
 
 

1 point 

The speaker presented 
a few basic points from 
the interview, but did 
not share examples 

experiences. 
 
 
 
 
 

2 points 

The speaker presented 
a well-developed 
summary of the 
interview, including 
examples from the 

experiences.  
 
 
 
 

3 points 

The speaker presented 
a well-developed 
summary of the 
interview, including 
examples from the 
in
experiences. The 
speaker also shared 
what was learned from 
speaking with the 
interviewee. 

4 points 
Criterion #3 
Use of Class Time 

Student did not stay on 
task. Required constant 
teacher intervention. 
 
 
 

0 points 

Student sometimes 
stayed on task. Showed 
little enthusiasm 
towards work. Required 
occasion teacher 
intervention.  

1 point 

Student usually stayed 
on task and actively 
involved in work. 
Required occasional 
teacher intervention. 
 

2 points 

Student stayed on task 
and involved in work. 
Required minimal 
teacher intervention. 
 
 

3 points 

Student stayed on task 
and actively involved in 
work. Required no 
teacher intervention. 
Used problem-solving 
and leadership skills. 

4 points 

TOTAL POINTS _____ out of 12 
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