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Unit 3: DNA and Genetics 

Module 8: Genetics 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
    
 

I. How are traits passed from parent to offspring? 

A. Traits 

1. Traits are physical or physiological characteristics of an 

organism.   Ex.  height or blood type 

2. The term phenotype is used to describe the physical 

expression of the trait.  Ex.  short/tall or Type A/Type B 

B. Chemical basis of traits 

1. DNA is the molecule that contains the information to make 

proteins, which control our traits.   

2. A section of DNA that is used to make a protein is called a 

gene.  There are many genes (hundreds) on a single 

chromosome.   

3. Eukaryotic organism’s chromosomes exist in pairs.  One is 

inherited from the sperm and one is inherited from the 

How are the following 

terms related?   
Gene, DNA, Chromosome 
 
  

NC Essential Standard: 
 3.2.2  Predict offspring ratios based on a variety of inheritance patterns 
 3.2.3 Explain how the environment can influence expression of genetic 

traits 

Are some traits more common in men or women? 
 

 Human chromosomes exist in pairs: 23 pairs for a total of 46 chromosomes 

 
 The 23rd pair of chromosomes are the SEX CHROMOSOMES and determine 

gender: 
 XX = female 

 XY = male 

 
 Genes that are carried on the X chromosome are said to be SEX-LINKED.  These 

include male pattern baldness and colorblindness. 
 

 Since males only have one X chromosome, they have a greater chance of 

expressing a sex-linked trait than females do! 
 

 

http://images.clipartpanda.com/fishing-hook-heart-clipart-116178-magic-marker-icon-sports-hobbies-fishing-hook-sc48.png
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egg.  Each chromosome, in a pair, contains genes for the 

same traits.  This is why we call them homologous pairs.   

4. Although the genes on homologous chromosomes may 

code for the same trait, slight differences in the DNA 

sequences may lead to different forms of the protein.  This 

creates slightly different versions of the same trait.  Each 

version is called an allele.   

Ex.  Blue and brown are two alleles of the eye color trait. 

5. Genotype is the term used to describe the combination of 

alleles present in an organism’s chromosomes.  An allele is 

usually represented by a single letter.  Thus, a genotype is 

usually represented by two letters.   

a. If an individual inherits identical copies from each 

parent the individual is considered homozygous (pure 

breeding).  Ex.  AA, aa 

b. If an individual inherits a different copy from each 

parent the individual is considered heterozygous 

(hybrid).    Ex.  Aa 

 

 

 

 

 

 

 

 

 

 

 

 

Draw a homologous pair of 
chromosomes showing a 
different allele for eye 
color on each: 
 
  

WORD HELP: 
 
Pheno - _______________ 
 
Geno  -  _______________ 
 
Homo -  _______________ 
 
Hetero-  _______________ 
 

Check Yourself! 

1.  Give an example (not in the notes) of a human trait. 

 

2.  What is a phenotype? 

 

3.  From where did you get each of the chromosomes in the  

     homologous pair? 

 

4.  What is an allele? 

 

5.  What is a genotype?  
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II. How was the path of inheritance discovered in a garden in Austria? 

A. Gregor Mendel – The father of genetics – Using pea plants, Mendel 

proved experimentally the link between meiosis, genes, and 

inheritance (long before we knew about DNA!).  He developed 3 

basic conclusions: 

1. The principle of dominance  

Certain alleles (forms of a trait) can hide/mask other 

alleles.  These alleles are called dominant alleles and 

are represented by a capital letter (A).  The alleles that 

may be hidden are called recessive alleles and are 

represented by the lower case of the same letter (a).  

Thus, homozygous dominant is AA and will express 

the dominant phenotype.  Heterozygous individuals are 

Aa and will also express the dominant phenotype.  Only 

homozygous recessive (aa) individuals will express the 

recessive phenotype.  

2. The principle of segregation 

Alleles are not passed in pairs from one parent to an 

offspring.  Each parent only donates half of each 

offspring’s genotype (typically one allele per trait).  This 

is because during meiosis only one of each homologous 

pair of chromosomes is passed to the gamete (sperm or 

egg).   

3. The principle of independent assortment 

The way one pair of chromosomes is separated during 

meiosis does not affect the way the next pair separates.  

A gene for one trait is only passed in connection with a 

gene for a different trait if the two genes are on the 

same chromosome.  Genes on separate chromosomes 

are passed independently of each other.   

Mendel’s Three Laws: 
 
1. D________________ 
 
 
2. S________________ 
 
 
3. I_________________ 
    A_________________ 
 
  

Draw a picture of a dominant 
and recessive trait.  Write the 
possible genotypes under 
each: 

  

Based on the parent cell: 
 
 
 
What are the possible 
gametes (after segregation  
in meiosis)? 
  

 A    a 
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III. Does the environment affect the traits of organisms?   

A. Nature vs. Nurture 

1. The environment does influence the expression of genes 

by chemically interacting with DNA or the cell, or by 

limiting available resources the organism requires to 

express the gene. 

Ex.  The gene for the dark pigment (protein) for coat color 

in Siamese cats is activated by colder temperatures.   

2. Environmental hazards can create genetic mutations, 

turning off or altering the expression of a gene.  These 

hazards are called mutagens.   

Ex.  Many environmental toxins mimic human hormones 

such as estrogen and therefore inhibit the production of 

that hormone by the cells.   

B. Identical twins are often used to study the effects of the 

environment on gene expression.  This is because identical twins 

have identical genes but are often exposed to different 

environments.  

C. There is a cause-and-effect relationship between environmental 

factors and expression of a particular genetic trait: 

1. Lung/mouth cancer is linked to tobacco use.  All tobacco 

products contain toxins and carcinogens.  Carcinogens can 

change the DNA, causing uncontrolled division (cancer). 

Nature =  _________ 
 
Nurture = _________  
 
 

Check Yourself! 

 

1.  Name Mendel’s three principles of heredity: 

 

2.  What cell process allows the principle of segregation to take  

     place?  

3.  When would a gene for one trait be passed with a gene for a different trait? 

 

Watch It! 
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2. Skin cancer, sun exposure, vitamin D production, and folic 

acid share a complex relationship.   

a. Skin cancer is directly linked to sun exposure.  UV rays 

mutate the DNA, causing cancer.   

b. When absorbed by the skin, sunlight also destroys 

folate (folic acid).  Folic acid is key to DNA repair of 

mutations (like those caused by the sun).  Folic acid 

deficiency is a contributor to skin cancer risks.  Folic 

acid can be supplemented with food or vitamins.   

c. However, sun exposure is also one of the ways our 

body can gain vitamin D, a vitamin that helps protect 

us from heart disease among other health benefits.  

When the sun’s UV-B rays hit the skin, it causes a 

chemical reaction that produces vitamin D.  You only 

need about 10 minutes of exposure a day, at most, 

and can also supplement with food and vitamin pills. 

3. Diabetes (especially Type 2 Diabetes) is linked to 

diet/exercise with genetic interaction.  It is possible to 

delay or prevent type 2 diabetes by exercising and losing 

weight, even if there is a strong family history. 

4. Heart disease is also linked to diet/exercise with genetic 

interaction.  Different genes or gene combinations respond 

differently to changes in diet, health choices such as 

smoking, and exercise.  So far, 40 or more genes have 

been identified that are linked   to cardiovascular health. 

 

 

 

 

For each EFFECT, list the 
probable CAUSE(S): 
 
1. Lung cancer - _________ 
 
2. Skin cancer - __________  
     ____________________ 
 
3. Diabetes - ____________  
     ____________________ 
 
4. Heart disease - ________  
     ____________________ 

Check Yourself! 

1.  Are genes “nature” or “nurture”?  

 

2.  How can the environment affect genes? 

 



© Day, Mudd, Werstlein 

 102 

IV. How can I predict the appearance of offspring based on the traits of 

the parents? 

A. Two kinds of inheritance 

1. Mendelian inheritance includes any trait which has only a 

pair of contrasting alleles and one of the alleles is 

dominant to the other allele.  These traits will follow 

Mendel’s principles of heredity.   

2. Non-Mendelian inheritance includes traits which may 

share dominance, be linked with a second trait (such as 

sex), rely on multiple genes, or have multiple forms 

(alleles) which may be inherited.   These traits do not 

follow all of Mendel’s principles of inheritance.  

B. Probability and Inheritance 

1. Punnett developed a graphical method to predict the 

results of a cross between two parent organisms.  These 

are called Punnett squares.  A Punnett square shows all 

of the possible outcomes each time gametes from the two 

parents combine.   

2. Steps to solving a Punnett square: 

a. Assign each allele (form of the trait) a letter.   

Problem:  Tongue rolling is dominant to non-rolling.   

Step a:  Tongue rolling – R ;  Non-rolling – r 

b. Determine the genotype of each parent based on the 

information in the problem. 

Problem:  Cross two heterozygous individuals.  

Step b:  Parent 1 – Rr  ;  Parent 2 – Rr  
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c. Set up the Punnett square by putting one parent’s 

genotype across the top and the other down the side 

of the square.  These represent possible gametes.  

Step c:    R      r 

  R  

r   

 

d. Complete the Punnett square by recording the letter on 

top of the column and on the side of the row.  Always 

put the capital letter first.   

e. Use the laws of probability and the Punnett square to 

answer any question posed in the problem.   

Problem 1:  What is the genotype ratio?   

Answer:  RR, Rr, rr   

              1 : 2 : 1 

Problem 2: What is the phenotype ratio? 

Answer:  Tongue rolling , Non-rolling 

   3           :        1 

Problem 3:  What is the chance the couple will have a  

                  non-rolling child?   

Answer:  1 / 4 or 25% 

3. Punnett squares can be used to solve crosses involving 

only one trait (called a monohybrid cross) or crosses 

involving two traits (called a dihybrid cross).  The 

monohybrid cross requires four squares to represent all 

possible gamete combinations.  The dihybrid cross requires 

sixteen squares to represent all possible gamete 

combinations. 

 

 

Genotype Ratio follows the 
format:  
 
_____ : _______: ______ 
 
 
Phenotype Ratio follows 
the format: 
 

________ : _________ 
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V. What are the different patterns of inheritance?  

A. Mendelian dominance – dominant alleles mask rescessive alleles 

Problem:  Tall pea plant height is dominant to short pea plant 

height.  Cross a pure breeding tall pea plant with a pure breeding  

short pea plant.  Give the genotypic and phenotypic ratio.   

 a.  Tall – H  ,  short - h 

 b.  Parent 1 – HH  ,  Parent 2 – hh 

 c/d.       

   

 

 

 

e. Genotypic ratio:  HH , Hh, hh  

  0 :  4  :  0 

         Phenotypic ratio:  tall , short 

          4   :   0 

B. Non-mendelian – 5 possible paths of inheritance 

1. Codominance – Both alleles are equally dominant and so 

both are equally expressed.  To represent the equal 

dominance each allele is assigned a different capital letter.  

Problem:  Black feathers and white feathers are codominant in 

chickens.  Cross a chicken with black and white feathers and a 

chicken with only black feathers.  What is the chance they will have a 

chick with only white feathers? 

a. Black Feathers – B, White Feathers – W 

b. Parent 1 (black and white) – BW, Parent 2 – BB 

  c/d    

  

 

 

  e. 0% chance of chick with white feathers  

           H     H 
   
h 
 
 
h 
         

Hh Hh 

Hh Hh 

B                 
    
 
B 
 

BB BW 

BB BW 

 B W 

WORD HELP! 
 
Co  = _______________ 



© Day, Mudd, Werstlein 

 105 

2. Incomplete dominance – Neither allele is sufficiently 

dominant to mask the other allele.  When both alleles are 

present in an individual’s genotype (heterozygous) an 

entirely different, blended phenotype appears.  To 

represent the incomplete dominance both share the same 

capital letter, but one is assigned a “prime” symbol.   

Problem:  In four o’clock flowers red petals and white petals 

are incompletely dominant.  Cross a red flower and a white 

flower.  What is the resulting phenotype of all offspring?  

a. Red – R, White – R’ 

b. Parent 1 (Red) – RR, Parent 2 – R’R’ 

    c/d   

 

 

 

 

     e.  All offspring are pink. 

3. Multiple Alleles – More than two alleles exist within the 

population for the given trait.  However, each individual 

may only inherit two of the possible alleles.  To represent 

the multiple alleles a base letter is used for each allele and 

the allele is represented by a unique superscript letter.   

  Problem:  Blood type in humans is determined by multiple     

  alleles:  IA, IB, i.  In addition, IA and IB are codominant, while  

  i is recessive to both.  Below is a chart representing all the  

  possible genotypes and resulting phenotypes.   

Blood Type (Phenotype) Possible Genotypes 

Type A IAIA or IAi 

Type B IBIB or IBi 

Type AB IAIB 

Type O ii 

           R     R 
   
R’ 
 
 
R’ 
         

RR’ RR’ 

RR’ RR’ 

Draw a blood cell for 
each type: 
 
A –  
 
 
B –  
 

 
O –  
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Cross a heterozygous Type A female with a Type O male.  

What are all the possible blood types of the offspring? 

a/b  Parent 1 – IAi, Parent 2 – ii 

c/d  

 

 

 

 

e. Type A and Type O are the possible blood types.  

4. Sex-linked – One of the pairs of chromosomes in an 

organism determines the sex.  This pair is called the sex 

chromosomes.   In humans the two types of sex 

chromosomes are represented by an X and a Y.  Inheriting 

two X chromosomes makes a female; inheriting an X and a 

Y chromosome makes a male.  The genes located on a sex 

chromosome (almost always the X chromosome) are called 

sex-linked genes.  Thus, females inherit two alleles for the 

trait while males only inherit one allele for the trait.   

Problem:  Colorblindness is a recessive sex-linked trait.  A 

colorblind man has a child with a woman who is a carrier 

(heterozygous) for colorblindness.  What is the chance they 

will have a colorblind son?   

a. “Normal” vision – XB, Colorblind - Xb 

b. Parent 1 – XbY, Parent 2 - XBXb 

  c/d 

 

 

 

    

   e. There is a 25% chance they will have a colorblind son  

           IA     i 
   
i 
 
i 
         

IAi ii 

IAi ii 

           XB     Xb 

   
Xb 

 
Y 
         

XBXb XbXb 

XBY XbY 

Alleles for Blood Type: 
 
Allele for A =   IA__ 
 

Allele for B = ____ 
 

Allele for O = ____ 

What makes sex-
linked genes 
DIFFERENT from other 
genes? 
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5. Polygenic inheritance – Many traits actually depend on 

several genes.  The interaction of the many genes within 

one individual creates a range of phenotypes.  For example 

height, skin color and the size of your foot depend on the 

total number of dominant alleles inherited for these traits.  

This means someone with four dominant alleles will have a 

slightly bigger foot than someone with three dominant 

alleles.  This results in a characteristic graph  ical pattern 

seen below:   

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

      Skin color 

    Number of 
    Individuals 

The SIX paths of inheritance: 
 
1. M______________   (A, a) 
 
2. C_______________  (A, B) 
 
3. I_______________ 
    D_______________  (A, A’) 
 
4. M______________ 
     A______________   (IA, IB, i) 
 
5. S_____ - l________  (XA, Xa) 
 
6. P_______________  (AaBbCc) 

Check Yourself! 

1.  Name the five paths of non-Mendelian inheritance. 

 

 

2.  Which pattern of inheritance results in a third, blended  

     phenotype in heterozygous individuals?  

 

3.  What two patterns of inheritance does human blood type follow?  

4.  Where are sex-linked traits located?   

 

5.  Name three traits that follow polygenic inheritance. 
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 Inheritance Patterns 

________ Inheritance 
  ____________ Inheritance 

Three different __________ 

Homozygous 
__________ 

____________ Homozygous 
Recessive 

AA Aa ___ 

“A” allele masks “a” allele 

Codominant 
Alleles 

Incompletely 
Dominant  

Alleles 

Sex-Linked 
Alleles 

_______
_ ______ 

Polygenic 

  Three phenotypes 

 ___________ 

Expresses 
_____ alleles 
(R W) 

______ both 
alleles (R R’) 

Red x White= 
____________ 

Red x White = 
______ 

Recessove 
traits on ___ 

__________ 

Expressed 
more often in 

males _____ 

Only female 
carriers ____ 

Results in a 
__________

__________ 

 Ex. height 

More than 
two allele 
choices 

Ex. Human 
_________ 

Word Bank: 
aa   Mendelian 
Blends   Multiple Alleles 
Blood Type  Non-mendelian 
Both   Pink 
Dominant  Range of phenotypes 
Genotypes  Red and White 
Heterozygous XBXb 
Heterozygous XbY 
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Unit 3 / Module 8 

Problem-Solving Set 
 

1. On the diagram, label the parent cells (there are two!), gametes, and 
zygote using the bold lines.  Then identify which of the Mendel’s principles 
can best explain the events of each stage: 
(A = Tall, a = short and B = Green seed, b = yellow seed) 

  
 AaBb            AaBb 

       Mendel’s Principles: 
        
 
  AB   Ab   aB   ab      AB  Ab   aB    ab  a.________________________ 

 
           AaBb       
   
 
    (Tall and Green seeds)   b. ________________________ 
 
 

2. Use the data collected by a scientist studying identical twins who were 
separated at birth to answer the following questions. 

Characteristics: Twin A – Geoff Twin B - Bryan 

Height 6 feet, 0 inches 6 feet, 1 inch 

Weight 180 pounds 200 pounds 

Favorite Food Grilled salmon Steak 

Favorite Movie Rudy A Beautiful Mind 

Medical Conditions Red-green colorblindness Red-green colorblindness 

IQ Test Score 110 115 

 
a. Which one of the six characteristics, based on the data, is most likely 

entirely genetic?  __________________________________________  
b. Which one of the six characteristics, based on the data, is most likely 

entirely environmental?  ____________________________________  
c. List the four characteristics, based on the data, most likely due to a 

combination of genes and environment?  _______________________ 
_________________________________________________________ 

d. Height has been proven to have a genetic basis, yet the two twins are 
not identical heights.  What reasons may explain differences in the 
height of the twins? ________________________________________ 
_________________________________________________________ 

e. The scientist gathered information about the adoptive parents (non-
biological).  Would this information, when compared to the twins, help 
identify genetic or environmental factors? ____________________ 



© Day, Mudd, Werstlein 

 110 

 
3. For each of the following Mendelian genetic problems, construct a Punnett 

square based on the problem to illustrate the cross and then answer the 
question(s): 

a. In vampires, long fangs are dominant to short fangs.  Cross two 
heterozygous long-fanged vampires.  What will be the genotypic 
and phenotypic ratios of this cross? 

 
Genotype ratio: __________________ 
 
Phenotype ratio: _________________ 

 
b. In werewolves, the ability to shift anytime (ie. when the moon is 

NOT full) is recessive.  Grace (who could shift at any time) married 
Sam (who could only shift during a full moon, but whose mother 
could shift anytime).  Would they be able to have a child with this 
ability? 

 
Would they be able to have  
child who could shift at any 
time? ________________ 

 
 

4. For each of the following codominance genetic problems, construct a 
Punnett square based on the problem to illustrate the cross and then 
answer the question(s): 

a. In Totoro populations, gray fur is codominant to white fur.  O 
Totoro has gray and white fur.  Chibia Totoro has only white fur.  If 
O and Chibia have children, what is the chance that child will have 
only white fur? 

 
Chance of a child with only 
white fur? ______________ 

 
 
b. In the Pikachu population, a black ear color is codominant to yellow 

ear color.  Kuro Pikachu, who has all-black ears, marries Kiiro 
Pikachu, who has all yellow ears.  What is the probability they will 
have a child with yellow-and-black ears ?   

 
Probability of a child  
with yellow-and-black  
ears? ___________ 
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5. For each of the following incomplete dominance genetic problems, 
construct a Punnett square based on the problem to illustrate the cross 
and then answer the question(s): 
 

a. In Pac-Man ghosts, the heterozygote is orange.  A homozygous red 
Blinky ghost is crossed with the yellow Inky ghost.  What is the 
phenotype of the offspring? 

 
Phenotype of offspring? 
___________________ 

 
 
b. In Frogger frogs, eye color is incompletely dominant.  The possible 

genotypes are RR (red), R’R’ (blue), and RR’ (purple).  Two purple-
eyed froggers make it across the road, get married, and have 
children.  What are the possible genotypes of the offspring? 

 
 

Possible genotypes? 
________________ 

 
 
 

6. For each of the following multiple allelic AND co-dominant genetic 
problems about blood types, construct a Punnett square based on the 
problem to illustrate the cross and then answer the question(s): 

 
a. Katniss has Type AB blood and Peeta has Type O blood.  Could this 

couple have a Type B child? 
 

Could they have a type B 
child?_______________ 

 
b. A mix-up has occurred at the Atlanta Braves hospital!  Below are 

the blood types of the parents and the switched babies.  Match the 
correct baby with the parents. 

 
Correct Baby Parents     Babies 
     _____ Mr. McCann (A) and Mrs. McCann (A) Baby A (AB) 
     _____ Mr. Jones (O) and Mrs. Jones (AB) Baby B (O) 
     _____ Mr. Uggla (B) and Mrs. Uggla (A)  Baby C (A) 
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7. For each of the following sex-linked genetic problems, construct a Punnett 
square based on the problem to illustrate the cross and then answer the 
question(s): 

a. Colorblindness is sex-linked and recessive.  What is the chance that 
a couple will have a colorblind son if the mom is a carrier and the 
dad has normal vision? 

 
Chance of a colorblind 
son? ______________ 

 
 
b. Black and orange coat color in cats is BOTH codominant and sex-

linked.  A calico cat is a female who is both orange and black.  A 
breeder has a black male cat and wants to sell calico kittens.  What 
color female cat should the breeder choose to guarantee female 
calico kittens?   

 
What color female cat should 
the breeder choose? 
__________________ 

 
8. For each of the following pairs of terms, explain how they are different 

from each other. 
a. Incomplete dominance and codominance 

______________________________________________________
______________________________________________________ 

b. Multiple alleles and polygenic inheritance 
______________________________________________________
______________________________________________________ 

c. Medelian and sex-linked inheritance 
______________________________________________________
______________________________________________________ 

 
9. For each of the following descriptions of the results of a genetic cross, 

write the path of inheritance that is most likely: 
a. Red Parent x White Parent = Pink Offspring   

_______________________  
b. Red Parent x White Parent = Red and White Offspring  

_______________________ 
c. 80% of individuals with the trait are male. 

_______________________ 
d. Range of phenotypes (graphed trait looks like a bell curve) 

_______________________ 
 


