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Aug 73:07 PM

Aug 139:04 PM

Aim #5 How do traits get passed down from parent to offspring?                                                    

Do Now List three traits that you have that you inherited from one of your parents.  
Do you have a sibling that has the same trait?

*Asexual Reproduction reproduction where there is only one organism producing
 an offspring (offspring will be identical to the parent).
Occurs in most single celled organisms. 

*Sexual Reproduction reproduction where 2 parents produce an offspring (will 
inherit traits from mom and dad).

Aug 710:04 PM

The above puppies are offspring from the same parents. Why don’t the puppies look identical to each
other?
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Aug 72:30 PM

Aug 139:08 PM

I.  Sexual Reproduction
* sperm the male sex cell (gamete) 

* egg the female sex cell (gamete)

a) During sexual reproduction sperm and egg cells unite 
fertilization.

b) Process forms one cell called a zygote.

Aug 72:30 PM
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Oct 179:30 AM

Oct 179:31 AM

Aug 139:14 PM

II. Inheritance
*heredity the passing of traits from parent to offspring.

*genetics (Gregor Mendel) the study of how traits get passed down

*genes a unit of heredity in a living organism, made from DNA 

DNA Deoxyribonucleic Acid (made of sugar/phosphate/nitrogen molecules)/Contains the 
genetic information found in chromosomes.
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Aug 72:16 PM

What is the probability of a purpleflowered plant?

P p

P

p
P

p
P P

P

P

p

p

p p

Aug 72:19 PM

What is the probability of a purpleflowered plant if both parents are Pp?

P                     p

P

p

P

p

Aug 139:20 PM

III. Punnett Squares

* Alleles the different forms of a trait that a gene has (eye color blue 
or brown/ hair curly or straight).  The allele is represented with one 
letter (capital or lowercase).
Capital LetterDominant
Lower case Recessive

*Genotype all of the combinations of letters that we find in the punnet 
square (BB, bb, Bb).

*Phenotype is the characteristic/trait that the genotype represents (BB 
Brown hair, Bb Brown hair, bb Blonde hair).

BB, bb homozygous/pure breed
Bb heterozygous/ hybrid
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Oct 181:20 PM

B
Bb

Genotype

Allele

Phenotype

Match column A with column B

A B

Aug 139:25 PM

T Tall
t short

Oct 1410:24 AM

S Straight Hair
s curly hair

S                s

S

s
S

s

s

dad mom

dad

mom

S S
S

S s s s
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Oct 1410:24 AM

B Brown Eyes
b blue eyes

b            b 

b

b 

bB

b b
b b

b bb b

Oct 1410:24 AM

T Tall
t short

T              t

T

T
T

t
TT

T t

T
T

T
t

Oct 1410:24 AM

D dimples
d no dimples

D

d

d                  d

D d

D d D d

d d d d
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Oct 188:33 PM

Identify the components of this plant cell.

Draw a circle around 
the nucleus.

1.

Draw a square around 
a chromosome.

2.

Draw an arrow to 
indicate where the 
DNA of the cell is 
located.

3.

Oct 188:39 PM

Complete the graphic organizer.

offspring DNA 
is copy of 
parents' DNA

asexual

reproduction

offspring DNA 
is combination 
of both parents' 
DNA

sexual

Aug 72:33 PM

http://www.brainpop.com/science/cellularlifeandgenetics/

sense of smell

smoking

aged chromosomes

punnett practice

family history

http://www.thetech.org/genetics/

how do genes work

http://www.ornl.gov/sci/techresources/Human_Genome/posters/chromosome/

http://www.brainpop.com/science/cellularlifeandgenetics/
http://www.sciencedaily.com/releases/2010/12/101201095559.htm
http://www.sciencedaily.com/releases/2011/01/110116144452.htm
http://www.sciencedaily.com/releases/2011/05/110517091937.htm
http://www2.edc.org/weblabs/punnett/punnettsquares.html
http://www.hhs.gov/familyhistory/
http://www.thetech.org/genetics/
http://www.thetech.org/genetics/feature.php
http://www.ornl.gov/sci/techresources/human_genome/posters/chromosome/
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Background information about genes, traits and 
inheritance that supports the activities included in 
the Heredity & Traits section of the Learn.Genetics 
website. Includes a pictorial reference of inherited 
human traits, along with inheritance patterns, 
frequencies and other interesting facts about each. 


Activity Overview


Visit the Learn.Genetics website to find engaging 
activities about inherited human traits. 


Related Activities


1







Background Information
Physical traits are observable characteristics determined by specific segments of DNA called genes. Multiple 
genes are grouped together to form chromosomes, which reside in the nucleus of the cell. Every cell (except 
eggs and sperm) in an individual’s body contains two copies of each gene. This is due to the fact that both 
mother and father contribute a copy at the time of conception. This original genetic material is copied each time 
a cell divides so that all cells contain the same DNA. Genes store the information needed for the cell to assemble 
proteins, which eventually yield specific physical traits.


Most genes have two or more variations, called alleles. For example, 
the gene for hairline shape has two alleles – widow’s peak or straight. 
An individual may inherit two identical or two different alleles from 
their parents. When two different alleles are present they interact 
in specific ways. For the traits included in this activity, the alleles 
interact in what is called a dominant or a recessive manner. The 
traits due to dominant alleles are always observed, even when a 
recessive allele is present. Traits due to recessive alleles are only 
observed when two recessive alleles are present. For example, the 
allele for widow’s peak is dominant and the allele for straight hairline 
is recessive. 


If an individual inherits: 


•  Two widow’s peak alleles (both dominant), their hairline will have a 
peak


•  One widow’s peak allele (dominant) and one straight hairline allele (recessive), they will have a widow’s peak


•  Two straight hairline alleles (recessive), their hairline will be straight.


A widespread misconception is that traits due to dominant alleles are the most common in the population. 
While this is sometimes true, it is not always the case. For example, the allele for Huntington’s Disease is 
dominant, while the allele for not developing this disorder is recessive. At most, only 1 in 20,000 people will get 
Huntington’s; most people have two recessive, normal alleles. 


While a few traits are due to only one gene (and its alleles), most genetic traits are the product of interactions 
between several genes. When more than one gene influences a trait, the inheritance pattern is not easily 
predictable. The predictable patterns referred to as dominant and recessive apply only to single gene traits. 


The traits listed on the next pages have commonly been presented as being determined by single genes. 
However, it is possible that some may involve more than one gene. When research studies have disagreed on 
the inheritance pattern for a trait, it has been noted below.


W = dominant widow's peak allelle
w = recessive straight hairline allele


WW = 


Ww = 


ww = 


Results of Allele Combinations:


Widow's Peak Trait


Widow's Peak Trait


Straight Hairline Trait


Figure 1: Inheritance Patterns of the Widow's Peak Trait
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Earlobe Attachment


Attached Earlobes Detached Earlobes


If earlobes hang free, they are detached. If they attach directly to 
the side of the head, they are attached earlobes. 


Some scientists have reported that this trait is due to a single 
gene for which unattached earlobes is dominant and attached 
earlobes is recessive. Other scientists have reported that this 
trait is probably due to several genes. 


The size and appearance of the lobes are also inherited traits.


Tongue Rolling
In 1940, the famous geneticist Alfred Sturtevant noted that 
about 70% of people of European ancestry are able to roll up 
the lateral edges of the tongue, while the remaining 30% were 
unable to do so. 


Tongue rolling ability may be due to a single gene with the 
ability to roll the tongue a dominant trait and the lack of 
tongue rolling ability a recessive trait. However, there is some 


question about the inheritance of tongue rolling. Recent studies have shown that around 30% of identical 
twins do not share the trait. 


Cleft Chin
This trait is reportedly due to a single gene with a cleft chin dominant and a smooth chin recessive.


Dimples
Dimples are reportedly due to a single gene with dimples dominant (people 
may exhibit a dimple on only one side of the face) and a lack of dimples 
recessive.


Handedness
Some scientists have reported that handedness is due to a single gene with right handedness dominant and left 
handedness recessive. However, other scientists have reported that the interaction of two genes is responsible 
for this trait.
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Can Roll Tongue Can’t Roll Tongue







Freckles
This trait is reportedly due to a single gene; the presence of freckles is dominant, the absence of freckles 
is recessive1.


Naturally Curly Hair
Early geneticists reported that curly hair was dominant and straight hair was recessive. More recent studies 
suggest that more than one gene may be involved.


Allergies
While allergic reactions are induced by things a person comes in contact with, such as dust, particular 
foods, and pollen, the tendency to have allergies is inherited. If a parent has allergies, there is a one in 
four (25%) chance that their child will also have allergy problems. This risk increases if both parents have 
allergies2. 


1  Rostand, J and Tétry, A .  An Atlas of Human Genetics (1964) Hutchinson Scientific & Technical, London.
2  “All About Allergies”, The Nemours Foundation (http://kidshealth.org/parent/medical/allergies/allergy_p2.h


Hand Clasping
Fold your hands together by interlocking your 
fingers without thinking about it. Which thumb 
is on top – your left or your right?


One study found that 55% of people place 
their left thumb on top, 45% place their right 
thumb on top and 1% have no preference.


A study of identical twins concluded that 
hand clasping has at least some genetic 
component. However, other scientists have 
not found evidence that genetics plays a 
significant role in determining this trait. 


Colorblindness
Colorblindness is due to a recessive allele located on the X chromosome. Women have two X 
chromosomes, one of which usually carries the allele for normal color vision. Therefore, few women are 
colorblind. Men only have one X chromosome, so if they carry the allele for colorblindness, they will exhibit 
this trait. Thus, colorblindness is seen more frequently in men than in women. 


Inherited Human Traits: A Quick Reference


Print-and-Go™
http://learn.genetics.utah.edu


© 2008 University of Utah This activity was downloaded from: http://learn.genetics.utah.edu 3


Cross Left Thumb Over Right Cross Right Thumb Over Left







Hairline shape is reportedly due to a single gene 
with a widow’s peak dominant and a straight hairline 
recessive. 


Widow’s Peak Hairline Straight Hairline


Hairline Shape


PTC Tasting
For some people the chemical PTC (phenylthiocarbamide) 
tastes very bitter. For others, it is tasteless. 


The ability to taste PTC shows dominant inheritance and is 
controlled by a gene on chromosomes 7. This gene codes for 
part of the bitter taste receptor in tongue cells. One of its five 
alleles (forms) causes a lack of ability to sense bitter tastes; 
the other four alleles produce intermediate to fully sensitive 
taste abilities. Approximately 75% of people can taste PTC 
while the remaining 25% cannot.


PTC-like chemicals are found in the Brassica family of vegetables, such as cabbage, brussels sprouts, 
and broccoli. People who can taste PTC often do not enjoy eating these vegetables, since they taste 
bitter to them. Non-tasters tend not to notice bitter tastes and therefore may be more likely to become 
addicted to nicotine (which is bitter). 


PTC-tasting ability has also provided information related to human evolution. Populations in Sub-Sahara 
Africa, and people who are descended from this area, contain at least five forms of the gene. Some of 
these forms confer a PTC-tasting ability that is intermediate between taster and non-taster. However, 
with only a few exceptions, only two forms – taster and non-taster – are found in populations outside 
of Africa and their descendents. This is consistent with the out-of-Africa hypothesis of modern human 
origins. 


Some scientists think that tasters have fewer cavities, suggesting that there might be a substance in 
the saliva of tasters that inhibits the bacteria that cause cavities to form. Others think that PTC tasting 
may be in some way connected with thyroid function. 


PTC tasting was a chance discovery in 1931.
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Does Not Taste PTC Tastes PTC
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ActivityMore than Skin DeepCritical


Thinking


Jim Lewis and Jim Springer are identical twins.
They both married women named Linda. Both
later divorced and then married women named
Betty. They gave their first sons the same name
and had dogs named Toy. While in school, both
liked math and hated spelling. They drive the
same kind of car, like to vacation at the same
beach in Florida, and both enjoy woodworkng.
They both bite their fingernails.


What is unusual about these twins is that they
were adopted by different families when they were
only four weeks old. They didn’t grow up together
and didn’t find each other again until they were
39 years old. Their environments were different,
so what caused them to be so much alike?


Heredity vs. Environment
For many years, scientists believed that the envi-
ronments people grow up in form their personal-
ities. Because most identical twins are raised in
the same house by the same parents, their person-
alities are expected to be similar. However, this
theory did not explain how identical twins raised
apart could be so similar. It also did not explain
how brothers and sisters who were not twins but
were raised together could be so different.


Scientists now think heredity might be just 
as important as environment in forming per-
sonality. Scientists at the University of Min-
nesota have studied about 60 pairs of identical


twins who were adopted by different families as
babies and raised in different environments. To
their surprise, they found that identical twins
raised apart had many similar personality traits.


Because many of these twins had similar per-
sonalities, scientists thought it could be a result
of their shared genes and not how they were
raised. In fact, according to statistics from the
study, 80 percent of the traits shared by the
twins were the same—from their physical 
characteristics to their opinions.


Scientists Disagree
The debate over twin studies is intense, however.
Factors that influence behavior are complex and
difficult to isolate for the sake of studies.


In general, most scientists now agree that
there is a genetic basis for intelligence and per-
sonality. The debate now centers on what
impact environment and personal choices
might have on inherited genetic tendencies.


Applying Critical Thinking Skills
1. Which do you think is more important in forming personality—environment or heredity?


Explain your answer.


2. Give an example of a personality trait you have in common with a family member. Is it a result of
your environment or heredity? Explain.


3. Do all the traits that Jim Lewis and Jim Springer have in common seem to be linked to a genetic
factor? Do all the traits mentioned in the passage mean that scientists should study inherited
characteristics? Explain.


Name Date Class


Naturally occurring
multiple births Probability


twins


triplets


quadruplets


quintuplets


1 in 80 births


1 in 6,400 births


1 in 512,000 births


1 in 40,960,000 births
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Name Date Class


Section 1 ■ Genetics
Section 2 ■ Genetics Since


Mendel


Directions: This diagram shows the joining of human male (XY) and human female (XX) sex cells. Use the 
diagram to answer the questions below.


1. What do the letters X and Y stand for?


2. Which chromosome is found only in the male?


3. Which person has two X chromosomes?


4. According to the diagram, what percentage of the offspring is female?


5. Do you think it is possible to accurately predict the sex of a particular offspring?
Why or why not?


M
eeting Individual Needs


Directed Reading for


Content Mastery


Male
XY


Female
XX


X


X


X XX


XX XY


XY


Y
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Name Date Class


M
eeting Individual Needs


Double Trouble


As you have read, if an allele is paired with another one just like it, the name
for the pair is homozygous. If the allele is paired with a different type, the pair
is called heterozygous. You have also learned about how some alleles are domi-
nant and some are recessive. A Punnett square shows how the pairs will possi-
bly match up. Making a prediction about how the offspring will look is usually
simple. If the pair is heterozygous or homozygous dominant, the dominant
trait will be expressed. If the pair is homozygous recessive, the recessive trait
will be expressed.


There are some alleles, however, that behave like normal dominant alleles
when in a heterozygous pair, but are deadly in a homozygous pair. For example,
the alleles that control fur color in wild mice are yellow and black. The yellow
allele is dominant (Y) and the black is recessive (b). When a mating occurs and
the alleles are paired together, the hairs have yellow and black bands. From a
distance this makes the mouse appear brown or buff-colored.


However, the allele for yellow fur color is what scientists call a ‘lethal’ or
deadly allele. If it is paired with itself, the two alleles kill the baby mouse before
it can be born. Fortunately there are not many genes of this type.


Fill in the Punnett square below for a case in which two mice, each heterozy-
gous for the dominant yellow allele, are mated. Then use the diagram to answer
the following questions.


1. How many live offspring will have one dominant allele for yellow fur?


2. How many mice will die before birth?


3. How many brown mice will be born?


4. If you see a healthy living yellow mouse can you tell if it is heterozygous or homozygous?
Explain your answer.


Enrichment11
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Heredity 23


One of the traits of pea plants that Mendel observed was seed shape. The seeds were either round
or wrinkled. Mendel observed that round seed shape (R) was dominant to the wrinkled shape (r).


Directions: Complete the Punnett square to show the possible offspring of two heterozygous pea plants. Then
answer the questions that follow.


1. What two forms of the trait for seed shape did Mendel observe?


2. What was the phenotype for seed shape of both parent plants?


3. What percentage of the possible types of offspring had the same genotype as the parents?


4. What percentage of the possible types of offspring were homozygous?


5. What percentage of the possible types of offspring had the same phenotype as the parents?


6. What was the genotype of the offspring that did not share the parents' phenotype?


7. What is the probability that two heterozygous parents would have an offspring that produced
round seeds? (Express your answer as a ratio.)


Directions: Answer the following questions on the lines provided.


8. What is genetics?


9. What role do genes play?


10. What 3 principles of heredity did Mendel discover?


GeneticsReinforcement11


R r


r


R
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New Hope After a Long Search


If defective genes can cause disease, can replacing
those genes with healthy genes prevent disease?
Because genes hold the blueprints for the human
body, they also hold the codes for many types of
disease. For that reason, researchers all over the
world are experimenting with DNA and gene
therapy to find cures for diseases such as cancer,
arthritis, and immune-system-related illnesses.


Replacing DNA
DNA is the chemical in the nuclei of cells that
codes and stores genetic information. In 1990,
scientists experimenting with gene therapy
inserted healthy DNA into children suffering
from a rare condition called Severe Combined
Immunodeficiency (SCID). Children with SCID
have little or no immunity to disease and must
live in sterile environments. Scientists hypothe-
sized that the healthy DNA would reproduce
and replace the DNA that caused the disease.


By April 2000, after receiving gene therapy,
two infants in France with a form of SCID 
were showing signs of recovery. After one year,
their bodies began reproducing the healthy
DNA. Many of their symptoms disappeared.
Researchers working with the infants must now
wait to see how long the positive effects last.


Researchers use several methods to insert
DNA into patients. Healthy genes can be trans-
ferred into cells by chemicals, by a very tiny


needle, or by attaching genes to certain viruses.
Diseases caused by a single gene are the best
choices for gene therapy. Single genes can be
isolated and reproduced more easily.


Concerns About Gene Therapy
In June 2000, two international teams of scientists
completed a basic map of human DNA. Called the
Human Genome Project, this accomplishment
was viewed as “a revolution in medical science.”
Scientists were able to identify and to put in order
the 3.1 billion units of biological information that
make up the human genetic code.


Gene research is raising many questions,
however. Some people worry that the informa-
tion it reveals could be misused. They fear that
if insurance companies or employers find out
that a person’s genes might cause a particular
disease, then that person might not be able to
get health insurance or a job. The U.S. govern-
ment already has started addressing some of
these issues with new laws that prevent compa-
nies from denying insurance or employment
based on genetic information.


Another concern is that some people might
want to change genes that do not cause disease.
They might want to produce a baby with high
intelligence or a baby with a certain eye or hair
color. Many people feel it is wrong to use gene
therapy this way.


4
Activity


Critical
Thinking


Applying Critical Thinking Skills
1. While researching the effects of gene therapy on children with SCID, what would scientists have


used for their control group?


2. What are some possible advantages of gene therapy over other types of treatment?


3. Do you think the risks of misusing gene research outweigh the benefits? Explain.


Name Date Class
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ActivityCloning the Woolly Mammoth Problem


Solving


In 1999, scientists watched as a helicopter
pulled a huge block of ice and soil from 
the ground in northern Siberia. Inside the 
20-metric-ton frozen block was an animal that
died 23,000 years ago—a woolly mammoth.


More than a Fossil
Many other mammoths have been discovered
around the world, but this was the first time that
the remains were nearly complete. This particu-
lar mammoth, known as the Zharkov mam-
moth, had been preserved with its skin, hair, and
soft tissue—not just fossilized bones and tusks. It
was airlifted to the Russian city of Khatanga,
where it was stored in an ice cellar to maintain a
temperature of –12°C.


Research teams hope that studying the
woolly mammoth’s remains would give them
clues to explain why the animal became extinct.
It is possible the woolly mammoth was hunted
to extinction, or it might have been killed off by
dramatic climate changes, malnutrition, or even
a deadly virus.


Secrets Locked in DNA
While these discoveries are important to the sci-
entific community, the real excitement lies with
the possibility that scientists might be able to
clone the male mammoth. Cloning is the process
of producing a genetically identical organism. If
DNA can be found in the body cells of the car-
cass, scientists could try to create a living version
of the extinct woolly mammoth.


Because the body is so well-preserved, scien-
tists hope the woolly mammoth’s DNA still


exists. DNA has never been taken from the cell
nuclei of an extinct species. Scientists don’t 
even know if the DNA could survive more than a
few thousand years. The same extreme tempera-
tures that preserved the remains also might have
damaged any chromosomes in the mammoth’s
body cells.


Fragments of mammoth DNA 50,000 to
100,000 years old have been found in other
woolly mammoths. These findings allowed sci-
entists to establish the close relationship
between mammoths and elephants. The frag-
ments also showed that there were once three
subspecies of woolly mammoths.


A New Process
Cloning is unpredictable and has only been done
successfully at the cellular level. When a sheep
named Dolly was cloned in 1996, it was the world’s
first clone of a living adult female sheep. Dolly was
cloned by taking an egg cell from one adult female,
removing its nucleus, and then replacing it with
the nucleus from a mammary gland cell from a
different sheep.


Some scientists say that this type of cloning
could not work on the mammoth without 
having some of the mammoth’s living cells.
Still others hope they can retrieve a cell
nucleus from the woolly mammoth. If so,
they will try to clone it using an elephant 
egg and an elephant as a substitute mother. If
that doesn’t work, they might be able to take
frozen sperm chromosomes from the woolly
mammoth and use them to create an elephant-
mammoth hybrid.


Applying Problem Solving Skills
1. If scientists are able to create an elephant-mammoth embryo, what major obstacle might they


face in successfully producing a mammoth hybrid? 


2. Explain why fragments of DNA cannot be used in the cloning of long-extinct animals.


3. Aside from understanding how the woolly mammoth became extinct, what else might the
remains of a 23,000-year-old woolly mammoth tell scientists?
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Genetic Traits


Have you ever been told you look like your parents? Parents pass genes that determine physical
features to their children. These physical features are called genetic traits. Children receive half of
their genes from each parent. The genes of one parent may be dominant over the genes of the
other parent. A child usually looks most like the parent who supplies the most dominant genes.


Strategy
You will examine some of your genetic traits.
You will examine your parents for the same genetic traits.
You will compare how similar or different you and your parents are.


Materials 
pencil


Procedure
1. Work with a partner during this activity.


Complete the column marked “You” in
Table 1 in Data and Observations for each
of the genetic traits listed. Ask your partner
to help you describe the traits you cannot
see. Refer to Figure 1 for an explanation of
traits you may not be familiar with.


2. Optional: Take the table home and 
complete it for each of your parents.
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Name Date Class


Clockwise Counterclockwise


Hair Whorl


Free Attached


Ear Lobe


Dimples No dimples


Cheek Tongue


Nonroller Roller


Figure 1
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Name Date Class


Data and Observations
Record your results in the table.


Table 1


Hands-On Activities


Laboratory Activity 1 (continued)


Questions and Conclusions
1. How many traits do you and your mother share?


You and your father?


2. How many traits do you share with both parents?


3. List all traits that you show but are not shown by either parent.


4. How might it be possible to show a trait when both parents do not show it?


5. What proof do you have that all of your genes did not come from only one parent?


Strategy Check


Can you identify some genetic traits?


Can you count how many traits are the same for each parent and you?


Can you make any conclusions about the traits you received from each parent?


Description YouTrait


Handedness


Sight


Eye color


Dimples*


Freckles


Hair whorl*


Earlobe*


Tongue*


Left or right


Nearsighted or normal


Blue or not blue


Yes or no


Present or absent


Clockwise or counterclockwise


Free or attached


Roller or nonroller


Father Mother


* See Figure 1.
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