
Unit 5: Meiosis & Genetics
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Unit 5 Key Take-Aways: 

· Meiosis creates genetic variation through sexual reproduction by creating four haploid gametes 
· Dominant alleles hide recessive alleles
· There are intermediate traits, like co-dominance and incomplete dominance
· Some traits have multiple alleles or are controlled by more than 1 gene
· Genetic disorders can be detected by examining karyotypes, crosses, and pedigrees

VOCABULARY: Haploid, gamete, non-disjunction, genetic variation, sexual reproduction,  dominant, recessive, heterozygous, homozygous, pedigree, karyotype, alleles, genotype, phenotype, 

Name: ________________________________________		Block: ______              Due Date: ____/____/____


Mastery Quiz #1: 
Mastery Quiz #2: 
Unit 5 Test: 

 (
U5
-7
)
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FATHER OF GENETICS:
__________________
)[image: ] (
U6-1
) (
U6-1
)Notes 1: Basic Genetics
 (
Also known as:
“The PEA Guy”
)

 (
He figured out the inheritance of genes by observation & gardening
)



GENOTYPE vs. PHENOTYPE
There are ____ ways to describe a trait:
1. _________________: The actual alleles inherited on the chromosomes (the letters; TT, Tt, tt)
2. _________________: The physical trait (tall or short)

Try it out!:Is it a genotype (G) or a phenotype (P)?
1. 
2. AA: ____
3. Tall: ____
4. Short: ____
5. Aa: ____
6. tt: ____
7. blue eyes: ____


HOMOZYGOUS vs. HETEROZYGOUS
There are ____ ways to describe a genotype:
1. Heterozygous: The alleles are ________________ from each other (Tt, Aa, AG, BW)
AKA: “_________”
2. Homozygous: The alleles are the __________ (AA, aa, BB, ww)
AKA: “true breeding” or “____________ breeding”

Try it out!:Is the genotype homozygous (ho) or heterozygous (he)?
1. 
2. AA: ____
3. Aa: ____
4. tt: ____
5. BW: ____
6. Ab: ____
7. BB: ____


DOMINANT vs. RECESSIVE
Dominant alleles “hide” the __________ alleles

1. _____________: the allele is expressed (shown) if only 1 is present 
2. _____________: the allele is expressed only if two copies are present gets “hidden” 

 (
Genotype
Phenotype
Genotype
Phenotype
GG
Tt
gg
TT
Gg
tt
)Try it out!: Give the phenotype (physical trait) that would be present with the following genotypes.
 (
Alleles
:
G:  Green peas
g
:   Yellow peas
T:    Tall plant
t
:    Short plant
)




 (
U
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)Notes 2: Punnett Squares
Genetics is based on probability or the ________________ of something happening.   
In order to make probability easy to see, geneticists use a ______________  __________________.
 (
Genotype of one
Parent
)
 (
t
) (
t
) (
Genotype of one
Parent
)
 (
Remember:  Everyone inherited 2 alleles one from mom & one from dad.  Those alleles get separated during meiosis. The 
punnett
 square shows all the possible combinations if a certain sperm fertilizes a certain egg.  Each box represents zygotes genotype.
) (
T
)

 (
T
)


	
**ALWAYS follow the steps on your Genetics Problem Solving Guide**
Example:Cross a heterozygous green pea with a homozygous recessive yellow pea.   
 (
Key:
G= green
 (dominant)
g= yellow
 (recessive)
GG
=
 _____________
Gg
= _____________
gg
= 
_____________
)Step 1:Read the entire problem
Step2: What type of genetic inheritance?: dominance
Step 3: Make a KEY


 (
Parent 1 
 P
arent 2
)Step 4: Set up the cross:		______ ______ x ______ ______

Step 5: Set up the Punnett square
Step 6: Analyze and answer the questions:
 (
What is the probability that the offspring peas will
 
be
:
green
:  _________      Homozygous:  _______
yellow
:  _________    Heterozygous:  _______
Ratio:  ________
_ :
 _________
                Green         
   Yellow
)






 (
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)
Notes 3: Working Backward 
Sometimes we are given information about the offspring and need to find the genotypes of the parents.

 (
Example
:
Two
 brown eyed people are crossed several times. Out of their 10 children, 3 of them have blue eyes. What are the probable genotypes of the parents?
Step 1
:
Read
 the entire problem
Step2:
 Type of genetic inheritance
?:
 
complete
dominance
Step 3:
 Make a KEY
Step 4
:
Fill
 in the 
Punnett
 square with what you know and complete to find the parental genotypes!
) (
Genotype of one
Parent
)
 (
?
) (
?
) (
Genotype of one
Parent
)
 (
?
)

 (
?
)
 (
Key:
B= brown
 (dominant)
b= blue
 (recessive)
BB
=
 _____________
Bb= _____________
bb
= 
_____________
)








 (
Parent 1 
 P
arent 2
)______ ______ x ______ ______


Notes 4: Exceptions to Mendel!
	Incomplete Dominance
	Co-dominance

	The offspring show a _________of the parent’s traits

· Use _____________ letters with apostrophes (“prime”)
	Ex:  AA’

What happens when you mate a red plant (RR) with a white plant (R’R’) if it follows this pattern?
[image: http://ibytemedia.com/wp-content/uploads/2012/01/blackandwhiteflowerclipart.png]
	The offspring show ________of the parent’s traits

· Use 2 different _____________ letters 
	Ex:  AB

What happens when you mate a red plant (RR) with a white plant (WW) if it follows this pattern?
[image: http://ibytemedia.com/wp-content/uploads/2012/01/blackandwhiteflowerclipart.png]


 (
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)Notes 5: Multiple Alleles (Blood Type)
More than ________ alleles are available for each ________.

Blood Types:
Human ____________ types have 3 alleles: ____, ____, ____
“A” and “B” are _____________________________, while “O” is ______________

	Blood Type
(phenotype)
	Genotypes
	Genotypes

	
	AA, AO
	IAIA, IAi

	
	BB, _____
	IBIB, IBi

	
	______
	IAIB

	
	OO
	ii


[image: http://www.imageenvision.com/150/33381-clip-art-graphic-of-a-transfusion-blood-droplet-mascot-cartoon-character-with-welcoming-open-arms-by-toons4biz.jpg]

Example:
A baby with type AB blood is born to a mother with type A blood. A man, John, claims to be the father. John has type O blood. Could John be the father?
[image: ]





Notes 6: Sex-linked Traits


Sex chromosomes: X & Y
________ = female
________ = male


 Sex-linked trait found on the _____ chromosome. Traits are more common in __________ because they only get ________ of the ______ chromosome.

	Women
	Men

	XNXN
	
	XNY
	 (
N= normal
n = diseased
)

	XNXn
	
	XnY
	

	XnXn
	
	Can a man be a carrier? _________







Example:
A man with colorblindness (XnY) marries a woman who is a carrier for colorblindness. What is the likelihood they will have a son who is colorblind?
[image: ]




 (
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)Notes7: Human Genetics
[image: ]Polygenic traits: more than  one _______ controls a _________, which provides a __________ number of possibilities; creates a bell curve in a population
	Examples: height, weight, ______________, skin color

Testing for genetic abnormalities:
1. Amniocentesis: inserting a __________ into the womb to remove ________ cells for genetic testing

2. Ultrasound: using ___________ waves to construct an _____________ of the fetus

3. Genetic counselor: can look at the __________ of the mother and father, and ____________ how likely it is for their baby to have certain disorders
 (
karyo
-
 means: _________
Other words
:
Eu
karyo
te
Pro
karyo
te 
)
 (
Karyotype
: 
a photo that organizes all chromosomes in an individual by number, size, and type. 
)Notes 8: Karyotypes


 (
This 
karyotype
 shows chromosomes after they have replicated in preparation for cell division (mitosis)
)[image: http://www.jaaos.org/content/18/2/94/F3.large.jpg][image: http://www.ekcsk12.org/faculty/jbuckley/apbio/downsyndromekaryotype.jpg]
This karyotype is of a normal individual.			



1. How many chromosomes are shown in the karyotype? _________
2. How many pairs of chromosomes (homologous chromosomes) are shown? _______
3. Is the patient male or female? ____________
[image: http://www.clt.astate.edu/mhuss/chromosome.jpg]
Karyotypes can tell us:
1.  The _______ of an individual.
· The 23rd chromosomes determine sex!
· There are 2 types of sex chromosomes: X & Y
· __  is smaller than __
[image: http://casereports.bmj.com/content/2009/bcr.09.2008.0890/F1.large.jpg]
Boys:  X Y 
[image: http://www.jaaos.org/content/18/2/94/F3.large.jpg]
Girls:  X X

2.  If they have any __________  _____________.
 (
U
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)[image: C:\tempie\Temporary Internet Files\Content.IE5\VEDFXX39\MC900334026[1].wmf]Genetic Diseases:
Doctor doctor! As your patient’s physician, determine what is wrong with their karyotype!
	[image: http://www.doctortipster.com/wp-content/uploads/2011/07/turner-syndrome.jpg]
	Turner Syndrome
How many chromosomes does this patient have? _______
How many X chromosomes do they have? ____
How many Y chromosomes do they have? ____
What is the sex of the patient? _________
What is the defining characteristic of Turner syndrome?

Can boys get Turner syndrome? Why or why not?



	[image: http://4.bp.blogspot.com/_uMaVYaKgEKc/TJotYEj3O8I/AAAAAAAAAE8/jItGZRvoldQ/s1600/Klinefelter's+syndrome.gif]
	Klinefelter Syndrome
How many chromosomes does this patient have? _______
How many X chromosomes do they have? ____
How many Y chromosomes do they have? ____
What is the sex of the patient? __________
What is the defining characteristic of Klinefelter syndrome?

	[image: karyotype]
	Down Syndrome  (trisomy 21)
How many chromosomes does this patient have? _____
What is the sex of this patient? ________
What is the defining characteristic of Down syndrome?

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
Nondisjunction: when the ___________________ FAIL to ________________ separate into the new daughter cells.
 (
“
d
aughter
 cells
”
)[image: ]Results in ___ of a single chromosome; called ___________!









 (
U
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)Practice 1: Basic Genetics

1. For each genotype below, indicate whether it is heterozygous (HE), homozygous dominant (HD), or homozygous recessive (HR)
	AA _____
	Ee ____
	Ii _____
	Mm _____

	Bb _____
	ff ____
	Jj _____
	nn _____

	Cc _____
	Gg ____
	kk _____
	oo _____


2. For each of the genotypes below determine what phenotypes would be possible. 
	Purple flowers are dominant to white flowers.
PP __________________
Pp __________________
pp __________________

Round seeds are dominant to wrinkled seeds.
RR __________________
Rr __________________
rr ___________________
	Brown eyes are dominant to blue eyes
BB ________________
Bb ________________
bb ________________

Bobtails in cats are recessive to long tails
TT _________________
Tt _________________
tt __________________

	
	

	
	

	
	


	Straight hair is dominant to curly.
____ straight
____ straight
____ curly
	Pointed heads are dominant to round heads.
_____ pointed
_____ pointed
_____ round


3. For each phenotype below, give the genotypes (remember: use only 1 letter, big and small)




4. Give the genotypes of the parents based on the given phenotypes. Tall (T) is dominant to short (t).
a. Heterozygous 		______
b. Homozygous short 	______
c. Homozygous tall 		______
d. True breeding short 	______
e. Pure breeding tall 	______
f. Short 			______
g. Tall 			______ or ______

5. Give the genotypes based on the given phenotypes. Long hair (L) is dominant to short (l).
a. True breeding short 	______
b. Homozygous short 	______
c. Long hair			______ or ______
d. Pure breeding long 	______
e. Heterozygous 		______
f. Short hair 			______
g. Homozygous long	______

 (
U
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)Practice 2: Punnett Squares
1. Given the following Punnett square, answer the following questions: 
 (
t
) (
T
)


 (
T = tall
t = short
) (
T
t
)[image: ] (
T
T
) (
T
)



 (
tt
)[image: ] (
T
t
)[image: ] (
t
)




a. What are the genotypes of the parents?    ________ x ________
b. What are the phenotypes of the parents?  ___________________  x ___________________
c. What percent of the offspring are TT? _____%
d. What percent of the offspring are Tt? _____%
e. What percent of the offspring are tt? _____%
f. What percent of the offspring will be tall? _____%
g. What percent of the offspring will be short? _____%


2. Set up the Punnett squares for the following crosses. Then solve for the possible offspring.
TT x tt				tt x tt				Tt x Tt				TT x tt

[image: ][image: ][image: ][image: ]					
1. 
2. 
3. 





3. Set up the Punnett squares for each of the crosses listed below. Round (R) seeds are dominant to wrinkled seeds (r). For each problem, tell what percentage of the offspring will be ROUND.

Rr x rr				Rr x Rr  			Rr x RR  			RR x rr
[image: ][image: ][image: ][image: ]					


 (
% ROUND = ____
) (
% ROUND = ____
) (
% ROUND = ____
) (
% ROUND = ____
)


 (
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)

4. Perform the Punnett square crosses below. For each cross, give the genotypic and phenotypic ratios:
	Cross
	Trait
	Key
	Punnett Square
	Phenotypes

	RR x rr
	Red flowers is dominant over white flowers
	R = 
r = 
RR = 
Rr = 
rr = 
	[image: ]
	______ % Red

______ % White

	RR x Rr
	Red flowers is dominant over white flowers
	
	[image: ]
	

	Rr x Rr
	Red flowers is dominant over white flowers
	
	[image: ]
	

	YY x Yy
	Yellow peas are dominant to green peas
	
	[image: ]
	

	Yy x Yy
	Yellow peas are dominant to green peas
	
	[image: ]
	

	Yy x yy
	Yellow peas are dominant to green peas
	
	[image: ]
	


5.  (
U
5-12
)Using your Genetics Problem Solving Guide, show EACH STEP and solve the following problems.

a) A heterozygous round seeded plant (Rr) is crossed with a homozygous round seeded plant (RR).  
 (
Key:
R=
r=
RR=
Rr
=
rr
=
)Round is dominant to wrinkled. What percentage of the offspring will be homozygous (RR)?  __________






b) A homozygous round seeded plant is crossed with a homozygous wrinkled seeded plant. 
What are the genotypes of the parents?  __________   x  __________
What percentage of the offspring will also be homozygous?  ___________
 (
Key:
)





c) In pea plants, purple flowers are dominant to white flowers. 
 (
Key:
)If two white flowered plants are crossed, what percentage of their offspring will be white flowered?  ______________





d) In guinea pigs, the allele for short hair is dominant.  
What genotype would a heterozygous short haired guinea pig have?  _______
What genotype would a true breeding short haired guinea pig have?  _______
 (
Key:
)What genotype would a long haired guinea pig have? ________








e) Show the cross for a true breeding short haired guinea pig and a long haired guinea pig.
What percentage of the offspring will have short hair?  __________







f) Show the cross for two heterozygous guinea pigs. 
What percentage of the offspring will have short hair?  ________
What percentage of the offspring will have long hair?  _______





 (
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)Practice 3: Working Backward
1. Two short haired guinea pigs are mated several times. Out of 50 offspring, 12 of them have long hair. What are the probable genotypes of the parents?         






2. Tan fur is dominant to gray fur in mice. Two mice have babies.  14 are tan and 5 are gray. What were the parents’ genotypes?




3.  (
Key:
)In humans, pointed eyebrows are dominant over smooth eyebrows.  Mary’s father has pointed eyebrows, but she and her mother have smooth eyebrows.  What is her father’s genotype?






Practice 4: Exceptions to Mendel!

Incomplete Dominance	       Complete Dominance		Co-dominance
 (
Key:
) (
Key:
)Flower color in plants is controlled by incomplete dominance.  Cross a homozygous red plant with a white plant.

[image: ]


What percent of the progeny are:
a. Heterozygous?	
b. Homozygous?	
c. Red?		
d. White?		
e. Pink?		
f. Red-white spotted?	

Red is dominant over white.  Cross a homozygous dominant plant with a homozygous recessive plant.


[image: ]


What percent of the progeny are:
a. Heterozygous?	
b. Homozygous dominant?	
c. Homozygous recessive?	
d. Red?		
e. White?		
f. Pink?		
g. Red-white spotted?	

Flower color in the plants is controlled by co-dominance.  Cross a red plant with a white.


[image: ]


What percent of the progeny are:
a. Heterozygous?	
b. Homozygous?	
c. Red?		
d. White?		
e. Pink?		
f. Red-white spotted_____________

 (
U
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15
)Incomplete Dominance (key word: ___________!!)
1. [image: ] (
Key:
)If blue flowers (BB) are incompletely dominant to red flowers (B’B’), show the offspring of a cross between one purple and one red flower. 






Phenotypic Ratio:  Blue ______, Purple ______, Red _______
What is the probability that these two parents will produce purple offspring? _________

2. In four o’clock flowers, red is incompletely dominant to white. Show a cross between a red four o’clock flower and a white four o’clock flower. What are the phenotypes of the offspring? SHOW IT!

[image: ]







3. In mice, fur color shows incomplete dominance.  If two gray mice mate…
[image: ]






	a. What are the genotypic and phenotypic ratios of the offspring?

	b. What percent of the offspring would be white? ______


4. Tigers can have blue eyes, yellow eyes, or green eyes. Eye color in tigers is incompletely dominant
a. [image: ]If a blue-eyed and yellow-eyed tiger mate, what will their offspring look like?







b. [image: ]Blue eyes are very rare but also highly valued in tigers. A Tiger has green eyes and wants to have as many tiger babies with blue eyes as possible. What color eyes should he look for in his mate in order to make this happen? If he finds such a mate, what percentage of their children will have blue eyes?






Co-Dominance (key word: ___________!!)
1.  (
U
5-16
)In geese, black-and-yellow feathers are co-dominant. Cross a black-and-yellow goose with a black-and-yellow goose. What is the probability that these two geese will have all black offspring? 
 (
Key:
)
[image: ]





2. [image: ]In horses, chestnut (brown) hair is co-dominant to white hair. Horses with a mixture of chestnut and white hair are called “roan.” 

a. Cross a roan horse with a chestnut horse. SHOW IT!







b. If these two horses are crossed, 50% of the offspring will be __________ and 50% will be _________.


3. [image: ]Calico cats are a product of co-dominance. When an orange cat and a white cat mate, they produce a calico cat. Use a Punnett square to show this:






4.  (
Key:
)In Smileys, eye shape can be starred, circular, or a circle with a star. Write the genotypes for the pictured phenotypes:
 (
Genotypes:
)[image: smileys3]



5. Show the cross between a star-eyed and a circle eyed. 


[image: ]
6. [image: ]Cross a circle-star eyed, and a circle eyed. How many of the offspring are circle-eyed? 



7. [image: ]Cross two circle-star eyed. 
How many of the offspring are circle-eyed? How many are star eyed? 



 (
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	Complete Dominance
	Description:
	 (
Key:
B=
b=
BB=
Bb=
bb
=
)1.  A white rabbit is mated with a homozygous dominant black rabbit. Determine the ratio of black to white baby rabbits.

[image: ]
2.  A homozygous dominant green dragon is mated with white dragon. Determine the ratio of green to white baby dragons.
 (
Key:
)
[image: ]
	1. Draw the offspring below.









2. Draw the offspring below.






	Incomplete Dominance
	Description:
	1.  (
Key:
) (
Key:
) (
Key:
)A Red flower (RR) is mated with a white flower (R’R’).  This cross results in four pink flowers.

[image: ]
2. A black cat (BB) is mated with a white cat (B’B’).  This cross results in four grey cats.

[image: ]
	1. Draw the offspring below.








2. Draw the offspring below.






	Co-dominance
	Description:
	1. A brown cow (BB) is mated with a white cow (WW).  This cross results in a Roan cow with Brown and White spots.

[image: ]
2.  (
Key:
)A black cat (BB) is mated with a white cat (WW).  This cross results in a black and white cat.

[image: ]
	1. Draw the offspring below.








2. Draw the offspring below.








 (
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)
	Directions: given the information about each animal/plant, complete the genotype and phenotype information. Then, COLOR the picture of the organism based on the type of inheritance.
	Rabbit

	Complete Dominance
	Incomplete Dominance
	Co dominance

	This rabbit is BLACK (heterozygous dominant).
	This rabbit is GRAY (heterozygous).
	This rabbit is both BLACK and WHITE spots (heterozygous).

	[image: http://homehow.net/media/aHR0cDovL3RzMi5tbS5iaW5nLm5ldC90aD9pZD1ILjQ4NjQ2MjY5MzE3Mjg3MTMmcGlkPTE1LjEmdXJsPWh0dHAlM2ElMmYlMmZ3d3cubXlidW5ueWZhcm0uY29tJTJmY29sb3IlMmZjb2xvcnJhYmJpdDIuZ2lm.gif]
	[image: http://homehow.net/media/aHR0cDovL3RzMi5tbS5iaW5nLm5ldC90aD9pZD1ILjQ4NjQ2MjY5MzE3Mjg3MTMmcGlkPTE1LjEmdXJsPWh0dHAlM2ElMmYlMmZ3d3cubXlidW5ueWZhcm0uY29tJTJmY29sb3IlMmZjb2xvcnJhYmJpdDIuZ2lm.gif]
	[image: http://homehow.net/media/aHR0cDovL3RzMi5tbS5iaW5nLm5ldC90aD9pZD1ILjQ4NjQ2MjY5MzE3Mjg3MTMmcGlkPTE1LjEmdXJsPWh0dHAlM2ElMmYlMmZ3d3cubXlidW5ueWZhcm0uY29tJTJmY29sb3IlMmZjb2xvcnJhYmJpdDIuZ2lm.gif]

	Genotype:
Phenotype:
	Genotype:
Phenotype:
	Genotype:
Phenotype:

	

	Flower

	Complete Dominance
	Incomplete Dominance
	Co dominance

	This flower is RED (heterozygous dominant).
	This flower is PINK (heterozygous).
	This flower has both 
RED and WHITE petals (heterozygous).

	[image: https://encrypted-tbn3.gstatic.com/images?q=tbn:ANd9GcTyP91Xyp4Ug2rfl7jY8fDue-r4zpaaLjE3uWmD4X0lnMe7qnx2]
	[image: https://encrypted-tbn3.gstatic.com/images?q=tbn:ANd9GcTyP91Xyp4Ug2rfl7jY8fDue-r4zpaaLjE3uWmD4X0lnMe7qnx2]
	[image: https://encrypted-tbn3.gstatic.com/images?q=tbn:ANd9GcTyP91Xyp4Ug2rfl7jY8fDue-r4zpaaLjE3uWmD4X0lnMe7qnx2]

	Genotype:
Phenotype:
	Genotype:
Phenotype:
	Genotype:
Phenotype:

	

	Cow

	Complete Dominance
	Incomplete Dominance
	Co dominance

	This cow is dark BROWN (heterozygous dominant).
	This cow is light BROWN  (heterozygous).
	This ROAN cow is both BROWN and WHITE (heterozygous).

	[image: http://childstoryhour.com/images/coloring/cow.gif]
	[image: http://childstoryhour.com/images/coloring/cow.gif]
	[image: http://childstoryhour.com/images/coloring/cow.gif]

	Genotype:
Phenotype:
	Genotype:
Phenotype:
	Genotype:
Phenotype:


 (
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)Directions: read the summary in the “Flip” column and then answer the questions on the Flop” side!
	Flip
	Flop

	
In simple Mendelian Genetics, alleles are either dominant or recessive.  In these types of word problems, you will see key words such asdominant, recessive, or heterozygous.  Remember to set up the genotypes and phenotypes for these word problems BEFORE you attack the problem.  

GG – Homozygous Dominant
Gg – Heterozygous
gg – Homozygous Recessive

The first generation produced from the parental generation is called the F1 generation.  If two offspring from theF1 generation are crossed, the resulting generation is called the F2 generation.  

	
In watermelons, stripes are dominant to no stripes.  Cross a homozygous, recessive non-striped watermelon with a heterozygous striped watermelon.  What are the genotypes and phenotypes of theF1 generation? Show a KEY and your CROSS!
Key:
A=
a=
AA = 
Aa = 
aa =
Cross:

______X______


	
Other types of inheritance patterns are not simple Mendelian inheritance patterns. They are considered non-mendelian. The first example of this is Incomplete Dominance.  In this type of inheritance,neither allele is dominant over the other so you end up with a blending of traits, which creates the appearance of a third phenotype.  In incomplete dominance, you must use primes (apostrophes) to represent the symbols.  

Example of Symbols:
RR – red
R’R – pink
R’R’ – white 

Think Incomplete = “In Between”

	
When a blue flower is crossed with a red flower, all of the offspring created are purple.  Cross a purple flower with a red flower.  What is the phenotypic ratio of the offspring created?  Show a KEY and your CROSS!
Key:
R=
R’=
RR=
RR’=
R’R’=
Cross:

______X______

	
The next type of non-Mendelian inheritance is Co-dominance.  In co-dominanceboth alleles are equally dominant, so you use two different capital letters to represent the genotypes.  You see both phenotypes distinctly in the offspring.

Example of Symbols:
BB – black
BY – black and yellow spotted
YY – yellow

Think Co-dominant = “Both Show”

	
In horses, hair color is co-dominant.  Cross an all brown horse with an all-white horse.  What would be the genotypes and phenotypes of theF1 generation?  What if you crossed two offspring from theF1 generation, what would be the results in theF2 generation?
Key:
B=
W=
BB=
BW=
WW=
Cross:

______X______



 (
Unit 5 Word Search
) (
U
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)

	J
	P
	B
	Q
	H
	N
	W
	S
	Y
	M
	L
	F
	I
	Z
	M
	Q
	W
	R
	G
	E

	D
	W
	I
	X
	L
	N
	S
	X
	U
	P
	H
	E
	N
	O
	T
	Y
	P
	E
	B
	F

	L
	D
	W
	N
	W
	T
	T
	H
	S
	O
	F
	D
	W
	N
	S
	E
	N
	C
	F
	W

	B
	S
	A
	C
	S
	S
	I
	L
	T
	J
	G
	Q
	Y
	Y
	H
	O
	X
	E
	G
	V

	U
	E
	T
	I
	D
	E
	A
	H
	I
	E
	X
	Y
	B
	O
	T
	P
	G
	S
	D
	S

	V
	O
	V
	K
	K
	L
	R
	K
	A
	C
	E
	L
	Z
	Y
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1. _________________: a trait controlled by many genes, creates a typical bell curve in a population
2. _________________: a term used to refer to an organism that has two identical alleles for a particular trait; e.g. TT or tt
3. _________________: the physical characteristics of an organism, the traits expressed
4. _________________: the genetic makeup of an organism, the set of letters that represent an organism's genes
5. _________________: when one allele over powers another allele, this allele is always expressed if one is present
6. _________________: a situation in which there are three or more alleles for the same gene; e.g., blood type & eye color
7. _________________: a term used to refer to an organism that has two different alleles for the same trait; e.g. Tt
8. _________________: a situation in which both alleles of a gene contribute to the phenotype of the organism; e.g., blood 			type; patchy or spotted traits
9. _________________: traits whose genes are located on a sex chromosome
10. _________________: when one allele hides under another, this allele is only expressed if there are two copies present

 (
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1. Circle the dominant allele: 	H	h
2. Circle the recessive allele:	B	b
3. Circle the homozygous combinations: 		MM	Mm	mm
4. Circle the heterozygous combinations: 		RR	Rr	rr
5. Circle the genotypes:		YY	blue feathers	Ww	    red seeds	pp
6. Circle the phenotypes: 	Tt	EE	striped fur   	ii	long eyelashes
7. Use the Punnett square below to answer the following questions:
 (
A
) (
A
)

 (
Key
:
A = orange
a = white
AA = orange
Aa
 = orange
aa
 = white
)
 (
Aa
)[image: ] (
a
) (
Aa
)



 (
a
) (
Aa
)[image: ] (
Aa
)[image: ]




a. What are the genotypes of the 2 parents?  ___________ x _____________
b. What are the phenotypes of the 2 parents?  ____________________ x ______________________
c. Are the parents homozygous or heterozygous?  __________________________
d. What percent of the offspring are AA? ____%
e. What percent of the offspring are Aa? ____%
f. What percent of the offspring are aa? ____%
g. What do ALL of the offspring look like? ________________
h. If these two parents had 100 kittens, about how many of them would you expect to be white? WHY!?:


Incomplete Dominance        Complete Dominance              Co-dominance
KEY WORD: _____________
 (
Key:
) (
Key:
)Fur color in horses is controlled by incomplete dominance. Cross a homozygous black horse with a heterozygous gray horse. 

[image: ]


What percent of the progeny are:
a. Heterozygous?	
b. Homozygous?	
c. Black?		
d. White?		
e. Gray?		
f. Black-white spotted?	


Black is dominant over white.  Cross a heterozygous dominant horse with a homozygous dominant horse.


[image: ]


What percent of the progeny are:
a. Heterozygous?	
b. Homozygous?	
c. Black?		
d. White?		
e. Gray?		
f. Black-white spotted?	

KEY WORD: _____________
Fur color in horses is controlled by co-dominance. Cross a blackhorse with a black-white spotted horse.
 (
Key:
)

[image: ]


What percent of the progeny are:
a. Heterozygous?	
b. Homozygous?	
c. Black?		
d. White?		
e. Gray?		
f. Black-white spotted?	
g. 
	Key
	Punnett Square

	1.
	

	2.
	

	3.
	

	4.
	

	5.
	

	6.
	

	7.
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1. Cross a homozygous tall plant (T) with a homozygous recessive short plant (t). What percent will be homozygous? ______



2. Cross two of the offspring from question 1. What percent will be heterozygous? ______



3. In a certain species of pine tree, short needles (N) are dominant to long needles (n). If a heterozygous tree is crossed with a homozygous recessive tree, what is the probability that the offspring will have short needles?


4. Stinky smell (K) is dominant to sweet smell (k) in the corpse flower. If two heterozygous stinky flowers produce offspring, what is the probability that they will have a sweet smelling baby plant?


5. If red flowers (RR) are incompletely dominant to white flowers (R’R’), show the offspring of a cross between 2 pink flowers (RR’)

What is the probability that these two parents will produce pink offspring? _________

6. If blue flowers are incompletely dominant to red flowers, show the offspring of a cross between one purple and one red flower. 

What is the probability that these two parents will produce purple offspring? _________


7. Coat color in roosters is inherited co-dominantly. If a black rooster and a white rooster mate, what percent of their offspring will be black-and-white spotted?


 (
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)[image: ]Practice 5: Multiple Alleles (Blood Type)
1. A woman with blood type O has a baby with blood type A. She claims that the baby was fathered by a man with blood type AB. Is this possible? Show a cross! 
 (
Key:
)
[image: ]







2. Frank has type A blood (AA or AO) and Margarita has type B (BB or BO) blood. They have a new baby, Vinnie, with type O blood. Is this possible or should Frank accuse Margarita of cheating? Show the possible Punnett squares to make your decision!

[image: ][image: ][image: ][image: ]







3. A couple has five children, all with blood type A. The mother’s blood type is O, and the father’s blood type is A.  Based on this information, what is the most probable genotype of the father?

[image: ]






4. Madeleine and Jared have a child together.  Madeleine has type A blood, Jared has type B blood and their child has type O blood.  Jared is questioning the paternity of the child.  Jared comes to you for help.  Using a Punnett square determine if Jared could be the father of the child.

[image: ]Could Jared be the father?  Why or why not?







5. Jonathan has type O blood.  What must his parents be for Jonathan to get type O blood?
Note:  There are four possibilities.  Use the Punnett squares.

[image: ][image: ][image: ][image: ]
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)[image: ]Practice 6: Sex-linked Traits
1. Complete the following by completing the Punnett squares and listing the phenotypes (be sure to include sex) of the offspring.

XRXR = Normal Female		XRXr = Carrier Female		XrXr= Diseased female
XRY= Normal Male						XrY= Diseased Male

Normal Female x Normal Male				Diseased Female x Normal Male
[image: ][image: ]






Carrier Female x Normal Male				Diseased Female x Diseased Male
[image: ][image: ]







2. Most sex-linked, recessive traits–including hemophilia and colorblindness–appear in males.  Explain why this is true:



3. In fruit flies, like in humans, the sex chromosomes determine sex of an offspring by an X-Y system. Many genes that are located on the X are missing on the Y. One of those genes is the gene for eye color. Red eyes XR are dominant over white eyes Xr. Using a Punnett square, identify the phenotypic and genotypic ratio for a cross between a white-eyed male and a heterozygous red-eyed female.
 (
Key:
X
R
X
R 
=
X
R
X
r
 =
X
r
X
r
 
=
X
R
Y =
X
r
Y
 =
)

[image: ]







4. In humans, hemophilia is caused by a recessive allele (h) on the X chromosome, not present on the Y. If a woman is a carrier for hemophilia and the man has the disease, what is the probability that a female child would have the disease?
 (
Key:
X
H
X
H
=
X
H
X
h
 =
X
h
X
h
=
X
H
Y =
X
h
Y
 =
)

[image: ]
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)Practice 8: Karyotypes
Diagnose the following Patients!!
 (
How many chromosomes does this patient have?
Does this patient have the correct number of chromosomes?
Are there any chromosomal abnormalities present?  EXPLAIN. 
)Patient 1
[image: ]


 (
How many chromosomes does this patient have?
Does this patient have the correct number of chromosomes?
Are there any chromosomal abnormalities present?  EXPLAIN. 
)Patient 2
[image: ]




 (
How many chromosomes does this patient have?
Does this patient have the correct number of chromosomes?
Are there any chromosomal abnormalities present?  EXPLAIN. 
)Patient 3
[image: ]










 (
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 (
How many chromosomes does this patient have?
Does this patient have the correct number of chromosomes?
Are there any chromosomal abnormalities present?  EXPLAIN. 
)Patient 4
[image: ]



 (
How many chromosomes does this patient have?
Does this patient have the correct number of chromosomes?
Are there any chromosomal abnormalities present?  EXPLAIN. 
What does “
trisomy
” mean?
)Patient 5
[image: http://www.genetics.edu.au/images/factsheets/fs29-2.gif]


Follow-Up Questions
1. What is a karyotype?


1. How many chromosomes does a normal human have? How many “pairs” (homologous chromosomes)?


1. Can you determine the sex of an individual by analyzing the karyotype?


1. Which type of chromosomes would you look at to determine the sex of the individual?


1. What is a “chromosomal abnormality”?



1. What is nondisjunction?



1.  (
U
5-2
9
)Do any of the karyotypes of the patients show nondisjunction?  EXPLAIN.



1. Down Syndrome is determined by chromosome 21.  Do any of the patients have Down Syndrome?  EXPLAIN.



1. Patau Syndrome also known as trisomy 13.  Do any of the patients have Patau syndrome?  EXPLAIN.



Notes 9: Pedigrees
[image: image003] (
I
)
	Symbol
	Description

	[image: Unaffected Male Symbol]
	Male

	[image: Unaffected Female Symbol]
	Female

	[image: Affected Male Symbol][image: Affected Female Symbol]
	Affected with trait

	[image: ]
	Carrier for trait

	[image: ]
	Mating

	[image: ]
	Siblings

	[image: Deceased Male Symbol][image: Deceased Female Symbol]
	Deceased

	[image: ped_symbols]
	Identical twins

	[image: ped_symbols]
	Fraternal twins






 (
I
I
)




 (
I
II
)






Answer the following questions based on the pedigree above. 
1. How many people are there in the family?_____
2. How many males are there in the family?_____
3. How many females are there in the family?_____
4. How many generations are there?_____
5. How many people in the whole family have the trait?_____
6. What is the sex of the parent who has the trait in generation I?____
7. How many people are in generation I?_____
8. How many people in generation II have the trait?_____
9. What is the sex of the person generation II who has the trait?_____
10. How many people are there in generation III?_____
11. How many people in generation III have the trait?_____












 (
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Create a pedigree for the following family. 
Adam is married to Betty, they had 2 children, Cathy & Joe.  Cathy had three children with Eric, 2 boys and a girl.  Joe married Frida and they had 3 children, 1 boy and 2 girls that are identical twins. Adam and Betty are both carriers of the Sickle Cell trait, a recessive disease.  Cathy is homozygous dominant and Joe knows he is a carrier.  Both Eric and Frida are carriers.  Joe’s oldest child has sickle cell, but his twins are unaffected.  Cathy’s two boys are unaffected, but her girl is a carrier. 
 (
Sickle Cell Disease 
Key:
B =
b = 
BB = 
Bb =
bb
 =
Label each generation with a Roman Numeral (I, II, III, IV,)
Within each generation, label each person with a number starting at the left (1, 2, 3, 4, etc.)
)




































Question: Cathy and Eric are planning on having another child, but after her brother’s child was born with sickle cell she is concerned.  You are their genetic counselor.  You have assessed their pedigree, and they are in your office for a consultation.  What is your recommendation – Should she be worried? Explain why or why not. 


	
	AUTOSOMAL DOMINANT
	AUTOSOMAL RECESSIVE
	SEX-LINKED RECESSIVE

	Allele key
	A =
a = 
AA =            = [image: Unaffected Male Symbol][image: Unaffected Female Symbol]
Aa =            = [image: Unaffected Male Symbol][image: Unaffected Female Symbol]
aa =            = [image: Unaffected Male Symbol][image: Unaffected Female Symbol]
	A =
a = 
AA =            = [image: Unaffected Male Symbol][image: Unaffected Female Symbol]
Aa =            = [image: Unaffected Male Symbol][image: Unaffected Female Symbol]
aa =            = [image: Unaffected Male Symbol][image: Unaffected Female Symbol]
	     XA =           
Xa =            
XAXA =            = [image: Unaffected Female Symbol]
XAXa =            = [image: Unaffected Female Symbol]
XaXa =            = [image: Unaffected Female Symbol]
XA Y=             = [image: Unaffected Male Symbol]
Xa Y =             = [image: Unaffected Male Symbol]

	
	Example:   Free earlobes are dominant
E = 
e = 
	Example:  Hitch-hiker’s thumb is recessive
H = 
h = 
	Example:  Colorblindness is sex-linked recessive
XA = 
Xa =

	Skips a generation?
	NO
	YES
	YES*mostly in males

	Pedigree
	 (
I
) (
IV
) (
III
) (
I
I
)[image: ]

	
	Phenotype
	Genotype

	I1
	
	

	I2
	
	

	II2
	
	

	III3
	
	



	 (
I
)
 (
III
) (
I
I
)[image: pedigr4]

	
	Phenotype
	Genotype

	I1
	
	

	II3
	
	

	III1
	
	

	III2
	
	

	IV1
	
	



	[image: http://faculty.ucc.edu/biology-atsma/pics/pedigree.gif]




	
	Phenotype
	Genotype

	I1
	
	

	II2
	
	

	II3
	
	

	III2
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)Practice 9: Pedigrees
Two pedigrees from the Smith family are shown below. For each pedigree:
1. determine whether it is autosomal dominant, autosomal recessive, or sex-linked recessive
2. write the genotype of EACH individual above their square or circle

[image: http://www.biologyjunction.com/images/clip0030.jpg]Smith Family Pedigree: Hitch-hiker’s thumb

 (
H = 
h = 
HH = 
Hh
 = 
hh
 = 
) (
1. ___________________
)[image: http://faculty.clintoncc.suny.edu/faculty/michael.gregory/files/bio%20101/Bio%20101%20Laboratory/pedigree%20analysis/pedigr4.gif]

[image: http://users.rowan.edu/~wagnerf/oldwebs/HFGB/html%20lab%20files/traits/tongue.jpeg]Smith Family Pedigree: Tongue rolling

 (
T = 
t = 
TT = 
Tt
 = 
tt
 = 
) (
1. ___________________
)[image: ]
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)Complete the following questions about the pedigrees.

	The pedigree below shows the inheritance of Huntington’s Disease, an autosomal dominant disease.[image: ]
	1. How many kids did # 3 and 4 have?

2. How many had the disease?

3. How are #12 and #15 related? 

4. If #6 and #7 had more children, is there any chance they could inherit Huntington’s disease? Why or why not:

	This pedigree shows the inheritance of sickle cell disease. Sickle cell is autosomal recessive.[image: ]
	5. What is the phenotype of individuals #1, 4, 5, 10, 11, 13, 17, 18, and 19? 


6. What is the genotype of the individuals with sickle cell (the shaded ones)? 


7. Is it possible that individuals #6, 7, and 8 are carriers of the allele? Explain:

	 (
II
)
	8. Is the trait dominant or recessive? Explain how you can tell:


9. Is the trait inherited in autosomes or sex chromosomes?

10. Are there any male carriers? Why or why not?


11. Why are all daughters in the 2nd generation carriers for this trait? 



	This pedigree traces a trait that is sex-linked recessive.[image: ]
	12. Carriers are not shown on this pedigree. Draw a dot in the circle for all women who are carriers. 


13. If #9 has a daughter, will she be a carrier?


14. Is this trait more common in males or females? Why?




 (
U5
-R
)Genetics Problem Solving Guide
1) Read the ENTIRE problem!
	Type of Genetic Inheritance:
	
	
	

	How do you know?
	One allele is dominant over the other; one allele is ______________________
	Two alleles _________ to make a third phenotype

Give an EXAMPLE:

	Two alleles ________ _______ to make a third phenotype

Give an EXAMPLE: 


	What letters do you use?
	______________ = dominant
______________ = recessive
	______________ letters with apostrophes (‘)
Give EXAMPLES: 

	 _______________ letters
Give EXAMPLES:


	What are the outcomes?
	Homozygous dominant
Homozygous recessive Heterozygous 
	Homozygous of one 
Homozygous of other
Heterozygous = __________ 
	Homozygous of one 
Homozygous of other
Heterozygous = ___________


2) Decide what type of genetic inheritance is described:

3)  (
How Do You Know?
 
– If the individual is 
homozygous
 you use the __________ letters and if the individual is 
heterozygous
 you use ____________________ letters.
) (
Example Key:
B= brown (dominant)
b= blue (recessive)
BB=
 Brown
Bb=
 Brown
bb
= 
blue
)Make a KEY on your paper!
Read through the problem and make a key for each of the different genotypes.





	
	


	
	



4)  (
Parent 1 
 P
arent 2
)Set up your cross:
______ ______ x ______ ______

5) Set up a ________________ square (using the letters from your cross)



	Ratios:
1 square   ___ % 
2 squares  ___ % 
3 squares  ___ %
4 squares  ___ %


6) Analyze the results
Phenotypic ratios = ___________________ = ____________________ characteristics
Genotypic ratios = ____________________ = alleles = letters
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