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Youngstown City Schools 
 

SCIENCE: BIOLOGY 

UNIT #2: GENETIC MECHANISMS (4 WEEKS)  

SYNOPSIS: The study of genetic mechanisms include incomplete dominance, sex-linked traits, goodness of fit test (Chi-

square) and dihybrid crosses which students investigate through real-world examples. Students are introduced to genes 
that affect more than one trait (pleiotropy), traits affected by more than one gene (epistasis) and polygenetic traits. 
Additionally, students explore how genes modify or regulate the expression of another gene (epigenes) and how dihybrid 
crosses can be used to explore linkage groups. Modern genetics techniques, such as cloning, which have resulted from 
recent technological developments, are the focus of the student’s argumentative paper.  

 

Enablers: Middle School: Students learn that traits are defined by instructions encoded in many discrete genes and that a gene may come 

in more than one form called alleles.  Other topics include Mendelian genetics with explanations of genetic patterns of inheritance (including 
dominance and co-dominant), inherited traits and diversity of species. Included in Gr.8 Unit Reproduction are: asexual/sexual reproduction, 
mitosis/meiosis, DNA → traits, Mendel’s laws and terminology, Punnett squares, sickle cell mutation, pedigree, co-dominance.  

STANDARDS   

I. HEREDITY 
    C. Genetic Mechanisms and inheritance  
          1. Basic principles of genetics (review of 8th grade work) include Mendel’s laws, heterozygous and homozygous, phenotype and  
 genotype, dominant and recessive, Punnett Squares. 

 2. The components of genetic mechanisms and inheritance include - -        
      a. incomplete dominance      
      b. sex-linked traits        
      c. dihybrid cross and goodness of fit test (Chi-square) through real-world examples; dihybrid crosses     
          used to explore linkage groups   
      d. pleiotropy – genes that affect more than one trait    
      e. epistasis – traits affected by more than one gene   
      f.  polygenetic traits – using simple real-world examples  
      g. genes that modify or regulate the expression of another gene   

E. Modern Genetics  
1. In genetics, cloning refers to the process of making an identical copy of the DNA of an organism.       
2. Genetic engineering is the direct human manipulation of an organism's genome using modern DNA     
        technology.     
3. Technological developments lead to the current knowledge of heredity.  
         a. the model for DNA structure has advanced the study of genetics   
         b. Watson and Crick developed the final model, but others had done the original studies    

 

LITERACY STANDARDS    

WHST.1 Write arguments focused on discipline-specific content.  
a. Introduce precise claim(s), distinguish the claim(s) from alternate or opposing claims, and create an organization that establishes 
 clear relationships among the claim(s), counterclaims, reasons, and evidence.    
b. Develop claim(s) and counterclaims fairly, supplying data and evidence for each while pointing out the strengths and limitations of 
 both claim(s) and counterclaims in a discipline-appropriate form and in a manner that anticipates the audience’s knowledge level and 
 concerns.  
c. Use words, phrases, and clauses to link the major sections of the text, create cohesion, and clarify the relationships between 
 claim(s) and reasons, between reasons and evidence, and between claim(s) and counterclaims.       
d. Establish and maintain a formal style and objective tone while attending to the norms and conventions of the discipline in which they 
 are writing.  
e. Provide a concluding statement or section that follows from or supports the argument presented.  

 

 

http://en.wikipedia.org/wiki/Genome
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  MOTIVATION TEACHER NOTES 

1. Teacher asks the following question: Have you ever noticed that brothers or sisters often look 
alike? What makes their physical appearance so similar? Students conduct activity to find their 
closest genetic match among the other students in the class and determine the presence of 
certain high frequency traits in themselves & their classmates.  

 website: http://www.biologyjunction.com/genetic_traits_activity.htm 
 

2. Teacher reviews Genetics: Genetics Tour of the Basics -- What is Heredity? What are Traits; 
class discusses each slide as teacher asks questions about it.                        
website: http://learn.genetics.utah.edu/content/begin/tour/ 

3. Teacher previews for students what the end of the unit authentic assessment will be and what 
students will be expected to do.   

 

4. Students write personal and academic goals 

 
 
 
 
 
 

2. Genetics: Tour of the 
Basics questions attached 
on pages 6-8 
 
 
 
  

 

 

TEACHING-LEARNING TEACHER NOTES 

1.  Teacher shows PPT: Mendel and Inheritance to introduce/review basic principles of 
genetics and terminology; teacher stops to discuss each slide as students record notes and 
vocabulary (i.e., genetics, heredity, self-fertilization, cross-fertilization, true-breeding, 
hybrid, dominant and recessive traits, genes, alleles, segregation, gametes, , F1, F2). 
(I.C.1) 
PPT: http://www.biologycorner.com/lessonplans/genetics 

2.  After each type of inheritance is discussed, teacher shows the set-up of basic problems (see T-
L #3.); students are assigned additional problems selected from below (#3). In small groups, 
students use Punnett squares and pedigrees to illustrate each concept and to determine the 
possible resulting genotypes and phenotypes of the constructed genetic crosses; students 
create annotated diagrams with mathematical probabilities as evidence for each type of 
problem. (I.C.1) 

3.  Students complete sections of Genetics Worksheet (attached) as each section is covered in 
class. (I.C.1)       
website for basic information: http://anthro.palomar.edu/mendel/mendel_2.htm      
  and / or   Teacher uses Practice Genetic Problems (with whole class or individuals) to review 
different types of problems with real-world examples; students can do the work for each 
problem using Punnett squares or pedigrees.   (I.C.1)    
practice problems: http://www.ksu.edu/biology/pob/genetics/intro.htm        

4.  Depending on the students’ level of understanding about genetics, teacher assigns activity 
which will introduce or review the basics.    
- Heredity Simulation – use popsicle sticks to show how alleles are inherited       

- Penny Genetics – flip a coin to compare actual outcomes versus predicted outcomes from a        

  Punnett square. (I.C.1)    
website for activities: http://www.biologycorner.com/lessonplans/genetics      

5.  Teacher reviews independent assortment and gene linkage; students see how these 
principles derive from the behavior of chromosomes during meiosis and fertilization. Teacher   
explains the activity, Dragon Genetics -- Independent Assortment and Gene Linkage; students 
analyze inheritance of multiple genes on the same or different chromosomes in hypothetical 
dragons. (I.C.1)    
website - http://serendip.brynmawr.edu/sci_edu/waldron  

 
 
 
 

 
 
 
 
 
 
 
 
 
 
3. Genetics Worksheet with 
problems (PDF, it is 17 
pages) 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 

http://www.biologyjunction.com/genetic_traits_activity.htm
http://learn.genetics.utah.edu/content/begin/tour/
http://www.biologycorner.com/lessonplans/genetics
http://anthro.palomar.edu/mendel/mendel_2.htm
http://www.ksu.edu/biology/pob/genetics/intro.htm
http://www.biologycorner.com/worksheets/Heredity%20Simulation%20(hornimonsters).pdf
http://www.biologycorner.com/worksheets/penny%20genetics.pdf
http://www.biologycorner.com/lessonplans/genetics
http://serendip.brynmawr.edu/sci_edu/waldron
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TEACHING-LEARNING TEACHER NOTES 

6.  Teacher uses PPT: Exceptions to Mendelian Inheritance to explain that some types do not 
follow simple rules of dominance. (Note: It is not necessary to show the entire PPT at one 
time, but as the specific type of inheritance is discussed.)    (I.C.2.a,b,d,e,f,g)      
website: http:// www.slideserve.com/fairly/exceptions-to-mendelian-inheritance  (may have to 

Google) 
As each concept is being taught, teacher can also use website program- Exceptions to Simple 
Inheritance which can be projected or read by students about polygenic traits, incomplete 
dominance, co-dominance, multiple alleles, sex-related genetic effects, pleiotropy.                         
website: http://anthro.palomar.edu/mendel/mendel_3.htm  (I.C.2.a,b,d,f,g) 

7.  Teacher explains that genes rarely operate in isolation from other genes and describes how 
genes can mask each other’s presence or combine to produce an entirely new trait. Teacher 
gives examples of resulting conditions; students record notes. Students read article:Epistasis 
and Its Effects on Phenotype; class discuss the effects of epistasis and why it’s considered 
an exception to simple inheritance. (Note: refer to index for PPT in #6 above) (I.C.2.e) 

 article: http://nature.com/scitable/topicpage/Epistasis-Gene-Interaction-and-Phenotype-Effects-
460 

  
8. Teacher shows PPT: Sex-Linked Genetics; students take notes and answer questions: What 

are sex chromosomes? (X and Y) Which sex chromosome is home of most sex-linked traits? 
(X; it’s much larger) What is a karyotype: Is this a male or female? A picture of a person's 
chromosomes; it’s male. (Optional - Students can read attached article and discuss 
karyotyping.) Students solve a genetic cross with a trait being sex-linked, then do it again 
treating it as a regular type of inheritance (not sex-linked) and compare the possible outcomes. 
(I.C.2.b) 

 PPT: http://www.teachers.oregon.k12.wi.us/.../Sex-linked%20Genetics%20Lecture.ppt  
 
9. Teacher introduces simulation activity: Dragon Genetics -- Understanding Inheritance; 

students mimic the processes of meiosis and fertilization to investigate the inheritance of 
multiple genes and then use their understanding of concepts such as dominant/recessive 
alleles, incomplete dominance, sex-linked inheritance, and epistasis to interpret the results 
of the simulation. (I.C.1; I.C.2.a,b,e) 
Activity: http://serendip.brynmawr.edu/sci_edu/waldron  (scroll down to Genetics section) 

10. Teacher discusses multiple alleles (human ABO blood types) using PPT (see T-L #6); 
students take notes. Students consider how the genetics of blood typing is really an exception – 
there are three alleles involved, A and B are dominant over O, and A and B are codominant. 
(Optional– Rh factor incompatibility may be included here).  (I.C.1; I.C.2) 

11. (Optional) Students conduct activity – Blood Tests to Identify Babies and Criminals 
Students learn the genetics and immunobiology of the ABO blood type system, using simple 
chemicals and logical reasoning to solve a murder mystery and to determine whether two 
babies were switched in the hospital. Activity: http://serendip.brynmawr.edu/sci_edu/waldron 
(scroll down to Genetics section)  

12. Teacher explains polygenic inheritance, how it works, and how parents determine the 
polygenic trait of a child; students take notes. (I.C.2.f) 
Students read along as they listen to audio reading of article: Polygenic Traits (attached).  
Audio of article: http://www.buzzle.com/articles/polygenic-traits.html     OR 
Students do activity: Polygenic Traits with Pennies (attached) and use the results of flipping 
pennies to represent the functioning of polygenic traits. (I.C.2f) 

 

 
 
 
 

6. Index for PPT Topics  
attached on page 9 
 
 
 
 
 
 
 
 

7. Notes: Epistasis-Albinism 
and Baldness/Widow’s Peak 
attached on page 10 
 
 
 
 
 
 
 

8. Article:  What Is 
Karyotyping? attached page 
11 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

http://www.slideserve.com/fairly/exceptions-to-mendelian-inheritance
http://anthro.palomar.edu/mendel/mendel_3.htm
http://nature.com/scitable/topicpage/Epistasis-Gene-Interaction-and-Phenotype-Effects-460
http://nature.com/scitable/topicpage/Epistasis-Gene-Interaction-and-Phenotype-Effects-460
http://www.teachers.oregon.k12.wi.us/.../Sex-linked%20Genetics%20Lecture.ppt
http://serendip.brynmawr.edu/sci_edu/waldron
http://serendip.brynmawr.edu/sci_edu/waldron
http://www.buzzle.com/articles/polygenic-traits.html
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TEACHING-LEARNING TEACHER NOTES 

13. Teacher shows animated video: The Epigenome at a Glance and how it instructs DNA; 
students watch for ways that the epigenome switches parts of the genome off and on at 
strategic times and locations. In small groups, students read and discuss assigned sections of 
the article: Epigenomics (attached).  Groups jigsaw and members of each group contribute 
their part about the genome’s response to stress, diet, behavior, toxins and other factors in the 
environment and how the epigenome is involved. Each group records bullet points. (I.C.2g) 

 video: http://www.youtube.com/watch?v=s7dDd1bvNfA or the same video is found at   
 http://teach.genetics.utah.edu/content/epigenetics  

14. Students use a checklist inventory - Your Environment and Your Epigenome (attached) 
to record some of the epigenome-influencing factors present in their environments. (Note -
The results of this activity are used as part of the Authentic Assessment.) (I.C.2g) 

 

15. Teacher uses interactive web lesson What Is Cloning?  Students take notes about what 
cloning is and how it is done (including SCNT and how it differs from the natural way of 
making an embryo). Class uses interactive explore Click & Clone to try cloning in the 
mouse cloning lab.   

 website: http://learn.genetics.utah.edu/ scroll down to "Genetic Technology"  on left side 
of menu band, Click on "Cloning" to find activities.   (I.E.1) 

 

16. Teacher uses lab activity Chi-square Test (attached) to show students how probability, 
random chance and genetics are related; class discuss each part as they work through 
activity together. Teacher can also check their Flex Book link for details of Chi-square (see 
attached note). (I.C.2.c) 

17. Teacher introduces Simple Mendelian Genetics in a virtual Drosophila Lab; students 
cross various fruit flies to see what phenotypes are present in the F1 and F2 generation. 
Students collect data and use the Chi square statistic to test hypotheses concerning 
expected and observed ratios for goodness of fit. (I.C.1; I.C.2.c) 
virtual lab websites: http://www.biologycorner.com/fruitflygenetics/index.html     
http://bioweb.wku.edu/courses/Bio114/vfly1.asp 

 

18. Teacher explains how students are to write notecards for argumentative paper (see 
attached notes); students begin writing notecards. The persuasive paper will be written in 
support of/against an ethical, legal or social issues or challenges in 
genetics:(I.E.1,2,3)(WHST.1) 

 shared nature and ownership of genetic information    

 limitations of genetic testing 

 inappropriate applications of genetic testing 

 the potential for discrimination based on genetic information 

 setting boundaries in applications of genetics technology 

 forensic DNA databanks 

 patenting of genes     

 cloning 

 genetically modified food 
 

    Depending on topic, this website may be a possible resource:   It explores the ethical, legal, 
and social issues (ELSI) surrounding availability of genetic information, as it pertains to 
privacy and the potential for discrimination.   
http://ornl.gov/sci/techresources/Human_Genome/elsi/elsi.shtml 

 

 

12. Notes: Polygenes 
attached on page 12 
 
12. Article: Polygenic Traits 
attached on pages 13-14 
 
12. Activity: Polygenic 
Traits with Pennies 
attached on pages 15-18; 
(includes student directions, 
questions, teacher answer 
sheet, tables for data) 
 
13. Article: Epigenomics 
attached pages 19-22   
 
 
 

14. Activity: Your 
Environment and Your 
Epigenome attached on 
pages 23-26 
 
 
16. Activity: Chi-Square 
Test attached on pages 27-
36 
 
16. Note about Flex Book link 
attached on page 37 
 
 
 
 
 
 
18.  See Argumentative 
Paper folio on YCS website 

 

http://www.youtube.com/watch?v=s7dDd1bvNfA
http://teach.genetics.utah.edu/content/epigenetics
http://learn.genetics.utah.edu/
http://www.biologycorner.com/fruitflygenetics/index.html
http://bioweb.wku.edu/courses/Bio114/vfly1.asp
http://ornl.gov/sci/techresources/Human_Genome/elsi/elsi.shtml
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TEACHER CLASSROOM ASSESSMENT TEACHER NOTES 

1.  2 pt. and 4 pt. response questions  
2.  Science Notebooks – includes students work on labs, activities, literacy standards   
3.  Quizzes  
4.  Out of class work – research 

 

 

TEACHER CLASSROOM ASSESSMENT TEACHER NOTES 

1.  Unit Test    

 

 

AUTHENTIC ASSESSMENT TEACHER NOTES 

1. Scenario: Roll The Dice: Human Variations Activity – completed in class  

Imagine that you are going to live your entire life in the next 10 minutes and that 

your choices in life are going to be made by a roll of the dice. How will your 

choices affect the rest of your life? What else will influence the course of your 

life? How will your genetic makeup affect your life?   Students are encouraged to 

refer to T-L #14, the checklist inventory - Your Environment and Your Epigenome 
and include some of the epigenome-influencing factors they recognized as present 

in their environments. 
 
2. Students write argumentative paper about some aspect of Genetics (WHST.1) 
 
3. Students evaluate their goals. 

1. Roll The Dice 
Activity attached on 
pages 38-46 
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MOTIVATION #2    Genetics: Tour of the Basics  Name____________________________________ 

 

WEBSITE NEEDED:  http://learn.genetics.utah.edu/units/basics/tour/               

Each question refers to a different page that has text on it.   

What is Heredity? 

1. What is the basis of heredity? 

2. What do our genes encode? 

What else helps define our traits? 

Give an example: 

3. When parents conceive a child, what do they contribute? 

4. What is created when an egg and a sperm cell join? 

5. Each parent contributes what to the child? 

What is the only rule? 

6. Why does every child inherit a unique set of chromosomes? 

7. What will this baby contribute when she grows up? 

What is a Trait? 

1. What is a trait? 

2. What are physical traits? 

Give some examples of physical traits: 

3. What are behavioral traits? 

Give an example of a behavioral trait: 

4. What is a predisposition? 

Give an example: 

 

http://learn.genetics.utah.edu/units/basics/tour/
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5.  What role do the instructions encoded in our genes play? 

What else is important in shaping our traits? 

6. What determines our natural hair color? 

What kind of things can change our hair color?   

Dogs can be bred to chase balls, but what else can they be trained to do? 

7. What can reduce the risk of getting heart disease? 

Which kind of thumb do you have?     

8.  What is an allele? 

What letter do we use to indicate a straight thumb gene? 

What letter do we use to indicate a hitchhikers thumb gene? 

9. What are the 3 possible combinations of the thumb genes? 

10. What kind of thumb will result from H + H?  

What kind of thumb will result from h + h? 

What does the term homozygous mean? 

11. Predict what kind of thumb a H + h person will have: 

12. What kind of thumb do the H + h people have? 

13. In this case, the “H” gene is called what? 

What is the masked “h” gene called? 

What does the term heterozygous mean? 

14. The mom and dad each have how many alleles for the thumb trait? 

15. How many do they pass on to their child? 

16. What are the combinations of alleles that the child might get?   

17. When the first child grows up, what will she contribute? 
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18. How are most traits inherited? 

What is it called when alleles work together? 

19. Are single gene traits common? 

20. How are traits controlled most of the time? 

What are these traits called? 

21. How does the DNA compare between all humans? 

What creates the diversity that we see? 
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TEACHING-LEARNING  #6    INDEX FOR PPT TOPICS 

                 PPT: EXCEPTIONS to MENDELIAN INHERITANCE 

Concept / Idea Slide #  Concept / Idea Slide # 

1 Polygenic Traits 3  9 Sex-Controlled 27-30 

2 Incomplete Dominance 4  10 Modifying Genes 31-33 

3 Codominance 5  11 Regulator Genes 34 

4 Multiple Alleles 6  12 Incomplete Penetrance 35 

5 ABO Blood Types 7-14  13 Pleiotropy 36-37 

6 Rh Factor 15-21  14 Epistasis 38-39 

7 X-Linked  & Sex-Linked 23-25  15 Stuttering Alleles 40 

8 Sex-Limited 26  16 Environmental Impact 42-44 
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TEACHING-LEARNING #7    NOTES: EPISTASIS 

 
 
 Albinism is an example of epistasis. The allele for albinism would be represented with 

the letter a, and the alleles for hair color would be B (brown) and b (blonde).  
 
 If the genotype for the person was B_aa, the albinism would mask the brown color of 

their hair. If the genotype was bbaa, the albinism would mask the blonde color of their 
hair.  

 
 The albinism allele would also mask the eye color of the person (leading to no pigment) 

and would mask his/her skin color. The person would appear to have white hair, red 
eyes, and very pale skin. 
 
 
 
 
 
 
 
Baldness is an example of epistasis. A gene coding for a widow's peak would be 
hidden by the gene for baldness.  
 
The allele for baldness in a man would be b, and the allele for widow's peak would be 
W.  
 
If the man's genotype was bbW_ or BbW_, his widow's peak would be masked by the 
bald gene.  
 
Even though the second genotype has only one b, it still overrides the widow's peak 
gene. 
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TEACHING-LEARNING #8:  Article: WHAT IS KARYOTYPING? (optional) 
  

What is Karyotyping?  
Karyotyping is one of the many techniques that help study the human genes for several genetic diseases. Karyotyping 
comes from the word karyotype. Karyotype is a complete profile of an individual's chromosomal set up. Any changes in 
the arrangement of a karyotype helps doctors study possible genetic disorders. In simpler terms, karyotyping is a close 
study of chromosomes.  

 
 
What does a Karyotype Show?  
A Karyotype shows the details of the chromosomes. Karyotyping identifies and helps determine the sex of an unborn 
child. When doctors study a human karyotype they look for some significant features. Here are a few important ones.  

 Check if the 46 chromosomes are present  
 Check the presence of the two identical chromosomes and 2 sex chromosomes  
 Check if there are any missing or rearranged chromosomes  

 
What a Karyotype does NOT show  
While a Karyotype provides significant in-depth insight into the chromosomes there are some things it will not show. 
They are:  

 Presence and location of small mutations. So if diseases are caused by small mutations they cannot be 
predicted  

 Individual DNA strands or genes  
 The number of genes in any given area of a chromosome  

 
How is blood karyotyping performed?  
There are usually no special requirements before performing the test. It is performed on a sample of blood, bone 
marrow, the amniotic fluid or the tissue from the placenta. Blood is drawn from the body if it requires blood sample. 
Amniocentesis is carried out to test amniotic fluid. A bone marrow test would require a bone marrow biopsy. The 
given sample is placed on a tray and allowed to grow in the confines of a laboratory. The cells from the growing 
sample are then stained. The stained sample is closely examined to study the chromosome arrangement. 

 
Predicting disorders with karyotyping 
A normal human being has 46 chromosomes, 22 autosomes and two sex chromosomes. When there is a disharmony 
between this set up, a genetic disorder occurs. Too many chromosomes, missing chromosomes or mixed up bits of 
chromosomes show the presence of a problem. The state of the chromosomes helps predict any possible genetic 
disorder in an unborn child. Chromosomes carry information that is passed to the cell. Extra copies of the information, 
mixed information or missing information can inform about any abnormalities or defects.  

 
 
 

 
 
What makes blood karyotyping helpful?  
Blood Karyotyping is a very helpful method of studying chromosomes and predicting genetic disorder. It counts the 
number of chromosomes and looks for any structural changes in chromosomes. It informs if the unborn baby will 
suffer from a genetic disorder or not. It is often used during pre-natal testing and diagnosing possible genetic 
diseases. It is extremely helpful for those who have suffered the loss of a child through a miscarriage. For couples 
coping with a miscarriage karyotyping can mean identifying and correcting problems to give birth to a healthy child.  

 

http://www.indiaparenting.com/preconception/109_76/detecting-abnormalities-amniocentesis.html
http://www.indiaparenting.com/pregnancy/116_3056/tay-sachs-disease.html
http://www.indiaparenting.com/newborn-care/254_3606/coping-with-birth-defects.html
http://www.indiaparenting.com/pregnancy/116_2604/coping-with-a-miscarriage.html
http://www.indiaparenting.com/pregnancy/118_3068/the-joys-of-childbirth.html
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TEACHING-LEARNING #12:  NOTES: POLYGENIC TRAITS   

 

Polygenic traits or quantitative genetics is a topic that is often skipped by biology 

teachers. It seems that teachers have no real model or lab in which to demonstrate this 

complicated topic. We have found that if we use pennies to represent genes (heads are 

dominant or active alleles; tails are recessive or inactive alleles), we could show 

students how people fall into a bell curve arrangement and how different heights (or 

other traits) are passed on to children.  

Polygenic traits are traits that are controlled by more than one gene, i.e. height, weight, 

hair color, skin color (basically, anything that deals with size, shape and color). This 

allows for a wide range of physical traits. For example, if height was controlled by one 

gene A and if AA= 6 feet and Aa = 5 feet 7 inches and aa= 5 feet, then people would be 

one of three different heights. Since height is controlled by more than one gene, a wide 

range of heights is possible. 
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ARTICLE:  Polygenic Traits 
 
Polygenic traits are different physical characteristics of individuals, due to specific 
inheritance patterns. It is responsible for difference in phenotypic makeup of individuals.  
 

Physical appearance of individuals is determined by genotypic ratio and chromosomal 
inheritance. This phenomenon was put forth by Mendel, popularly known as 'Mendel's 
Laws of Inheritance'. In case of polygenic traits, the characteristic features of individual 
result from interaction of different genes. In layman's language, we can exemplify with 
an individual having high blood pressure. High blood pressure does not result due to 
activity of single gene. This particular phenotype is the net result of interaction of 
cholesterol genes, obesity genes, transporter genes and addictive genes. The 
combined effect of these multiple genes or polygenes is the reason behind high blood 
pressure. That was an elementary approach. 
 
Genetic Phenomenon of Polygenic Traits 
 
Polygenic traits are not only observed in human beings but are also present in animals, 
birds, insects, flies etc. In terms of human genetics, polygenic traits is defined as 
inherited characteristics when two or more genes are involved in determining the 
phenotype of individuals. Thus, the cumulative effects of genes are responsible for 
determining many traits like, weight, height, shape, color and metabolic rate of 
individuals. 
The traits do not follow Mendel's patterns of inheritance. 
They are recognized by their expressions that result from gradation of continuous 
variation. 
Additive effects of two or more separate pair of genes control continuous variation. 
The traits are quantified by measuring the variation, rather than counting. 
The phenotypic expression vary in wider range as a result of contributing pairs of genes. 
These traits are also known as quantitative traits or multifactorial traits. To understand 
these synonyms, you need to understand the mechanism of genetic inheritance. They 
are controlled by two or more genes at different loci on different chromosomes or it is 
the trait that is controlled by non-allelic genes. They are known as quantitative traits as 
their phenotypic expression is dependent on multiple alleles located on different 
chromosomes. 
 
The quantitative aspect (e.g., how tall or how short) or phenotype of the individual is 
represented as trait value. When frequency of individuals with polygenic traits is plotted 
against trait value, the graph is bell shaped. Polygenic traits are a result of additive 
effects of contribution of each gene in loci and therefore they do not follow typical 
dominance and recessive patterns. The second aspect of polygenic genes is the traits 
are determined by environmental variations. It means that an individual can be 
genetically same, but can differ in his/her physical appearance, while rest are congenital 
disorders.  
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Examples in Humans 
Weight 
Height 
Eye color  
Intelligence 
Behavior 
Skin color 
Polygenic traits examples with disorders in genetic components are: 
Cleft palate 
Cancer 
Diabetes 
Autism 
Congenital heart disease 
Congenital dislocation of hip 
Talipes 
Pyloric stenosis 
Neural tube defects 
Schizophrenia 
Diabetes Mellitus 
Glaucoma 
Hypertension 
Manic depression 
Ischaemic heart disease 
Maniac depression 
Eczema 
Dermatitis 
Spina bifida 
Anencephaly 
Polygenic traits are an important genetic phenomenon, governing different variations 
and characteristic in individuals. Polygenic traits in humans are interesting to study and 
observe. 
 
NOTE: Glossary of Terms 
Genes: Unit of heredity in a living organism. 
Chromosomes: Organized structure of DNA and protein that embeds genes. 
Alleles: Different forms of genes in a single genetic locus. 
Genetic Locus: Specific location of gene or DNA sequence in chromosome. 
Phenotype: Observable characteristics, morphology, physiological properties of an 
organism 
Genotype: Information in genes that determines the phenotypic traits.Quantitative Trait 
Locus (QTL): Region of DNA, found in different chromosomes, associated with a 
particular phenotypic trait. 
 
Read more at Buzzle: http://www.buzzle.com/articles/polygenic-traits.html 
 

  

http://www.buzzle.com/articles/polygenic-traits.html
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TEACHING-LEARNING #12   POLYGENIC TRAITS WITH PENNIES:  ACTIVITY  

 
Students use the results of flipping pennies to represent the functioning of polygenic traits.  

 Learning outcomes: Students will understand polygenic traits, how they work, and how parents determine the 
polygenic trait of a child.  

Time required for lesson 1 class period 

Materials/resources 

 One Answer sheet for teacher (attached) 
 six pennies per group 
 Per student: 

o questions (attached) 
o data tables (attached) 
o graph paper 
o ruler 

Activities 

1. Each group will carefully flip all six coins on the lab table. 
2. Record the number of heads and tails that result from the flip in table 1. 
3. Continue to flip the six coins and continue to record the number of heads and tails that result from the flip 

until table 1 is complete. 
4. Complete table 2 by adding up the number of times the following situations occurred.  

o 0 Tails and 6 Heads 
o 1 Tail and 5 Heads 
o 2 Tails and 4 Heads 
o 3 Tails and 3 Heads 
o 4 Tails and 2 Heads 
o 5 Tails and 1 Head 
o 6 Tails and 0 Heads 

5. Record your results from table 2 on the board with the class results. 
6. Record the class results in table 2. 
7. Construct a bar graph from the class data. The number of heads and tails will go on the X axis (the 

independent variable), while the number of times the situation occurred will go on the Y axis (the dependent 
variable). 

8. Answer the questions.  

 

 

http://www.learnnc.org/lp/media/lessons/SadieBuie3262003273/polyanswers.rtf
http://www.learnnc.org/lp/media/lessons/SadieBuie3262003273/polyquest.rtf
http://www.learnnc.org/lp/media/lessons/SadieBuie3262003273/polygenictables.rtf
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TEACHING-LEARNING #12   POLYGENIC TRAITS WITH PENNIES:  QUESTIONS   

1) Do parents give All or Half of their genetic material to their children?_____________________________ 

Example for the rest of the questions: A man is 5 feet 7 inches tall, has 3 “heads” (dominant genes) and 3 
“tails” (recessive genes).  He will give 3 genes to his child.  These 3 genes can be given randomly. 

 He can give 3 dominant genes and no recessive genes 

 He can give 2 dominant genes and 1 recessive gene 

 He can give 1 dominant gene and 2 recessive genes 

 He can give 0 dominant genes and 3 recessive genes 

These are all the possible combinations that he can give his child.  The height of the mother will dictate the 
genes that she will give to the child.  The combination of the mother's genes and the father's genes will decide 
the height of the child 

 

2) If a male is 5 feet 9 inches tall, it means that he has 4 dominant genes and 2 recessive.  He will only give 3 genes to his 
child.  What are the possible combinations of genes that he can give? 

 He can give _____ dominant and ______ recessive 

 He can give _____ dominant and ______ recessive 

 He can give _____ dominant and ______ recessive 

3) The male is 5 feet 7 inches and the female is 5 feet 5 inches.  Is it possible for them to give their child the necessary 
genes so the child can be 5 feet 11 inches tall?  Explain your answer.  Diagrams are often useful; use the back of the 
sheet if necessary. 

 
 

4) If 2 parents are 5 feet 7 inches, is it possible to have a child that is 6 feet tall?  Explain how this is possible. 

 
5) If the male is 5 feet 5 inches tall and the female is 5 feet 3 inches tall, what is the tallest height that their child could 

attain?  Explain. 

 
6) If the male is 5 feet 7 inches tall and the mother is 5 feet 3 inches tall, what is the shortest height their child could 

attain?  Explain. 

 

7) List 3 other polygenic traits. ___________________, _______________________, and ____________________. 

8) How are polygenic traits different from traits that only require 2 genes? 

 

9) Why do you think that some children are taller than their parents?   
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TEACHING-LEARNING #12   Teacher Answer Sheet:  POLYGENIC TRAITS WITH PENNIES  

Questions / Answers 

1) Do parents give (All or Half) of their genetic material to their children?  Half 

Example for the rest of the questions: A man is 5 feet 7 inches tall, has 3 “heads” (dominant genes) and 3 “tails” 
(recessive genes).  He will give 3 genes to his child.  These 3 genes can be given randomly. 
 He can give 3 dominant genes and no recessive genes 
 He can give 2 dominant genes and 1 recessive gene 
 He can give 1 dominant gene and 2 recessive genes 
 He can give 0 dominant genes and 3 recessive genes 
These are all the possible combinations that he can give his child.  The height of the mother will dictate the genes that 
she will give to the child.  The combination of the mother's genes and the father's genes will decide the height of the child 

 
2) If a male is 5 feet 9 inches tall, it means that he has 4 dominant genes and 2 recessive.  He will only give 3 genes to his 

child.  What are the possible combinations of genes that he can give? 

 He can give ___3__ dominant and __0____ recessive 

 He can give ___2__ dominant and __1____ recessive 

 He can give ___1__ dominant and __2____ recessive 

 
3) The male is 5 feet 7 inches and the female is 5 feet 5 inches.  Is it possible for them to give their child the necessary 

genes so the child can be 5 feet 11 inches tall?  Explain your answer.  Diagrams are often useful. The father can give 
3 dominants and 0 recessives and the mother can give 2 dominants and 1 recessive.  The child will be 5 feet 11 
inches tall. 

4) If 2 parents are 5 feet 7 inches, is it possible to have a child that is 6 feet tall?  Explain how this is possible. Yes.  Both 
parents can give 3 dominants and 0 recessives.  This will give the child 6 dominants and 0 recessives.   This 
means the child will be 6 feet 1 inch tall. 

5) If the male is 5 feet 5 inches tall and the female is 5 feet 3 inches tall, what is the tallest height that their child could 
attain?  Explain.  The male can give 2 dominants and 1 recessive, and the female can give 1 dominant and 2 
recessives.  The child could have 3 dominant and 3 recessive, making the child 5 feet 7 inches tall. 

6) If the male is 5 feet 7 inches tall and the mother is 5 feet 3 inches tall, what is the shortest height their child could 
attain?  Explain. The male and female can give 3 recessive and 0 dominants.  The child could have 6 recessives.  
This will make the child 5 feet one inch tall. 

7) List 3 other polygenic traits. Hair color, skin color, eye color, body shape—anything that deals with size, shape, 
color or number (like fingerprints—the total ridge count). 

8) How are polygenic traits different from traits that only require 2 genes?  The polygenic traits have a wide variation in 
 each trait. 

               9) Why do you think that some children are taller than their parents?  The children can have more dominant genes 
 than either parent.  The environment also plays a role in the expression of traits.  Remember Genotype + 
 Environment = Phenotype. 
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TEACHING-LEARNING #12:   DATA TABLES  for POLYGENIC TRAITS WITH PENNIES ACTIVITY 

RESULTS: 

Table 1: Group results 

Flip (Group)    1    2     3     4    5 

Number of tails      

Number of heads      

 

Table 1: continued 

 Flip (Group)    6    7      8     9    10 

Number of tails      

Number of heads      

 

Table 2: Group and class results 

Flip Situation 0 T 6 H 1 T  5 H 2 T  4 H 3 T  3 H 4 T  2 H 5 T  1 H 6 T  0 H 

Your Group Total        

Class Total        

 
Construct a Bar Graph for both your results and the class results. 

Conclusion: Use the following Height Table to answer the questions. 

 Penny Situation  Height 

 O Tails and 6 Heads  6 feet 1 inch 

 1 Tail  and 5 Heads  5 feet 11 inches 

 2 Tails and 4 Heads  5 feet 9 inches 

 3 Tails and 3 Heads  5 feet 7 inches 

 4 Tails and 2 Heads  5 feet 5 inches 

 5 Tails and 1 Head  5 feet 3 inches 

 6 Tails and 0 Heads  5 feet 1 inch 

 

Remember: Heads are dominant genes. Tails are recessive genes. 
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Teaching-Learning # 13:  Article 

 

Epigenomics 

 

What is the epigenome? 

A genome is the complete set of deoxyribonucleic acid, or DNA, in a cell. DNA carries the instructions 

for building all of the proteins that make each living creature unique.  

Derived from the Greek, epigenome means "above" the genome. The epigenome consists of chemical 

compounds that modify, or mark, the genome in a way that tells it what to do, where to do it and 

when to do it. The marks, which are not part of the DNA itself, can be passed on from cell to cell as 

cells divide, and from one generation to the next. 

What does the epigenome do? 

Each person's body contains trillions of cells, all of which have essentially the same genome. Yet some 

cells are optimized for use in muscles, others for bones, the brain, the stomach and the rest of your 

body. What makes these cells different?  

The protein-coding parts of your genome, called genes, do not make proteins all of the time in all of 

your cells. Instead, different sets of genes are turned on or off in various kinds of cells at different 

points in time. Differences in the types and amounts of proteins produced determine how cells look, 

grow and act. The epigenome influences which genes are active — and which proteins are produced — 

in a particular cell.  

http://www.genome.gov/
http://www.genome.gov/multimedia/illustrations/FactSheet_EpigenomicMechanisms.pdf
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So, the epigenome is what tells your skin cells to behave like skin cells, heart cells like heart cells and 

so on. 

What makes up the epigenome? 

The epigenome is made up of chemical compounds, some of which come from natural sources like 

food and others from man-made sources like medicines or pesticides. As it marks the genome with 

these chemical tags, the epigenome serves as the intersection between the genome and the 

environment. 

The epigenome marks your genome in two main ways, both of which play a role in turning genes off 

or on. 

The first type of mark, called DNA methylation, directly affects the DNA in your genome. In this 

process, chemical tags called methyl groups attach to the backbone of the DNA molecule in specific 

places. The methyl groups turn genes off or on by affecting interactions between DNA and the cell's 

protein-making machinery. 

The second kind of mark, called histone modification, indirectly affects the DNA in your genome. 

Histones are spool-like proteins that enable DNA's very long molecules to be wound up neatly into 

chromosomes inside the cell nucleus. A variety of chemical tags can grab hold of the tails of histones, 

changing how tightly or loosely they package DNA. If the wrapping is tight, a gene may be hidden 

from the cell's protein-making machinery, and consequently be switched off. In contrast, if the 

wrapping is loosened, a gene that was formerly hidden may be turned on. 

Is the epigenome inherited? 

Just as the genome is passed along from parents to their offspring, the epigenome can also be 

inherited. The chemical tags found on the DNA and histones of eggs and sperm can be conveyed to 

the next generation.  

What is imprinting? 

Your genome contains two copies of every gene — one inherited from your mother and one from your 

father. For some genes, only the copy from the mother ever gets switched on, and for others, only the 

copy from the father. This pattern is called imprinting. 

The epigenome serves to distinguish between the two copies of an imprinted gene. For example, only 

the father's copy of a gene called IGF2 is able to make its protein. That is because marks in the 

epigenome keep the mother's IGF2 copy switched off in every cell of the body. 
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Some diseases are caused by abnormal imprinting. They include Beckwith-Wiedmann syndrome, a 

disorder associated with body overgrowth and increased risk of cancer; and Prader-Willi and Angelman 

syndromes, which are disorders associated with obesity and mental retardation. 

Can the epigenome change? 

While all cells in your body contain essentially the same genome, the chemical tags on the DNA and 

histones get rearranged in different cell types. The epigenome can also change throughout a person's 

lifetime. 

Consider the case of identical twins. Although they share nearly the same genome, their bodies may 

not be exactly identical. One twin may weigh more, for example, or develop arthritis. Researchers 

think that at least some of these differences are due to changes in the epigenome.  

What makes the epigenome change? 

Lifestyle and environmental factors can expose a person to chemical tags that change the epigenome. 

In other words, your epigenome may change based on what you eat and drink, whether you smoke, 

what medicines you take, what pollutants you encounter and even how quickly your body ages. There 

is also some evidence from animal and human studies that indicates that what a female eats and 

drinks during pregnancy may change the epigenome of her offspring. 

Most epigenomic changes are probably harmless, but some changes may trigger or increase the 

severity of disease. Researchers already have linked changes in the epigenome to various cancers, 

diabetes, autoimmune diseases and mental illnesses.  

How do changes in the epigenome contribute to cancer? 

Cancers are caused by a combination of changes to the genome and the epigenome.  

Adding or removing methyl groups can switch genes involved in cell growth off or on. If such changes 

occur at the wrong time or in the wrong cell, they can wreak havoc, converting normal cells into 

cancer cells that grow wildly out of control. 

For example, in a type of brain tumor called glioblastoma, doctors have had some success in treating 

patients with a drug, called temozolomide, that kills cancer cells by adding methyl groups to DNA. But 

that's only part of a very complex picture. Cells also contain a gene, called MGMT, that produces a 

protein that subtracts methyl groups — an action that counteracts the effects of temozolomide. In 

some glioblastomas, however, the switch for the MGMT gene has itself been turned off by methylation, 

which blocks production of the protein that counteracts temozolomide. Consequently, glioblastoma 
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patients whose tumors have methylated MGMT genes are far more likely to respond to temozolomide 

than those with unmethylated MGMT genes.  

Changes in the epigenome also activate growth-promoting genes in stomach cancer, colon cancer and 

the most common type of kidney cancer. In other cancers, changes in the epigenome silence genes 

that normally serve to keep cell growth in check.  

To come up with a complete list of all the possible changes that can lead to cancer, the National 

Institutes of Health (NIH) has started a project called The Cancer Genome Atlas. Beginning with 

glioblastoma, these researchers are comparing the genomes and epigenomes of normal cells to those 

of cancer cells. They are looking for any changes in the DNA sequence, called mutations; changes in 

the number and structure of chromosomes; changes in the amounts of proteins produced by genes; 

and changes in the number of methyl groups on the DNA. 

Understanding all the changes that turn a normal cell into a cancer cell will speed efforts to develop 

new and better ways of diagnosing, treating and preventing cancer. To learn more about this effort, 

go to http://cancergenome.nih.gov.  

How are researchers exploring the epigenome?  

Researchers are exploring the epigenome through a field called epigenomics, which is the study of all 

the chemical tags on the genome that control the activities of genes. This is different from genomics, 

which is the study of all the changes that occur in the order, or sequence, of the DNA building blocks 

that make up the genome. 

Experts once thought that diseases were caused mainly by changes, or mutations, in DNA sequence - 

changes that either disrupt protein production or lead to abnormal proteins. Recently, researchers 

have learned that changes in the epigenome may cause or contribute to many diseases, making 

epigenomics a vital part of efforts to better understand the human body and improve human health.  

As part of its Roadmap for Medical Research, the NIH plans to develop a map of the epigenomic marks 

that occur on the human genome. The effort will require the development of better technologies to 

quickly and efficiently detect epigenomic marks, as well as improved understanding of the factors that 

drive these changes. To learn more about this effort, go to http://commonfund.nih.gov/epigenomics.  

Last Reviewed: May 7, 2012 

http://cancergenome.nih.gov/
http://commonfund.nih.gov/epigenomics/
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TEACHING-LEARNING #16     

NOTES ON FLEX-BOOK LINK (which is available to all teachers in Youngstown) 

 Subject:  How We Help You Teach 
 
Books: Our Books are customizable. You can rearrange the chapters or even add, remove and edit content. 

 
Concepts: Add bite-sized lessons to FlexBooks or assign to students for independent learning. 

 
Interactive items, videos and multimedia simulations bring learning to life. 

 
Exercises enable students to track their progress with instant feedback. 

 
Teaching Materials get assessments, answer keys and ideas for differentiated instruction. 

 
Anytime, Anywhere - Read online, print a copy, or use it on any device. Our content can be used with the Kindle, 
iPad, NOOK, and more. 
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ROLLING THE DICE:  AUTHENTIC ASSESSMENT INFORMATION 
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THINKING ABOUT THE GAME 
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