Independent Assortment

IA1) An individual’s genotype is: AaBb


(A and B represent two different genes, but upper and lower case A represent different alleles of the A gene, and upper and lower case B represent different alleles of the B gene). 


How many unique gametes could be produced through 


independent assortment by an individual with the above genotype? 
______



4



List them all:


AB, Ab, aB, ab
IA2) How many unique gametes could be produced through independent assortment by an individual with the genotype 



AaBbCCDd?

8


List them all:

ABCD, ABCd, AbCD, AbCd,






aBCD, aBCd, abCD, abCd
Monohybrid Cross A

MC1) A plant that is genotype Aa is crossed with a plant that is genotype aa. What phenotypes of offspring (and in what percentages) do you expect?







50% dominant phenotype







50% recessive phenotype
MC2) Albinism (lack of skin pigmentation) is caused by a recessive allele. A normally pigmented man married an albino woman.  They have three children, one of whom is an albino.  What is the genotype of the father? 







Heterozygous (Pp)
MC3) A man and a woman, both normally pigmented, had a baby that is albino. What are the genotypes of the parents?







Both are heterozygous (Pp)
MC4) Wilber is genotype MmNNOopp. Inez’s genotype is MmnnooPp. 

a) What is the chance that their child will be genotype MmNnOopp?







1/8
b) What is the chance that their child will be genotype mmNnooPp?







1/16
b) What is the chance that their child will show the dominant phenotype for all for genes?







3/16
Dihybrid Cross
DC1) A couple has three children, all of whom have brown eyes and blond hair.  Both parents are homozygous for brown eyes (BB), but one is a blond (rr) and the other is a redhead (Rr).  What is the probability that the next child will be a brown-eyed redhead?






50%
DC2) In Jimsonweed, purple flowers (P) are dominant to white flowers (p) and spiny pods (S) are dominant to smooth pods (s). In a cross between Jimsonweed homozygous for white flowers and spiny pods and one homozygous for purple flowers and smooth pods, determine all possible phenotypes and the probability of each phenotype of…

(a) The F1 offspring 


100% purple spiny (all are PpSs)
(b) The F2 offspring 


9/16 purple spiny







3/16 purple smooth







3/16 white spiny






1/16 white smooth
DC3) In the fruit fly Drosophila , the allele for dumpy wings (symbolized  d) is recessive to the normal long-winged allele (symbolized D).  The allele for white eye (symbolized w) is recessive to the normal red-eyed allele (symbolized W).  In a cross of DDWw  X  Ddww…

(a) What are the phenotypes of the parents? 





Normal wing with red eye, Normal wing with white eye

(b) What proportion of the offspring are expected to be "normal" (i.e., long-winged, red eye)?  50%
(c) What proportion "dumpy, white"?
0% (none)
Pedigree Analysis

A pedigree is a diagram of family relationships that uses symbols to represent people and lines to represent genetic relationships. In a pedigree, squares represent males and circles represent females. Horizontal lines connecting a male and female represent mating. Vertical lines extending downward from a couple represent their children. These diagrams make it easier to visualize relationships within families, particularly large extended families. Pedigrees are often used to determine the mode of inheritance (dominant, recessive, etc.) of genetic diseases. A sample pedigree is shown to the left.

[image: image1.png]






For example, in the pedigree to the left, the parents had two 



children, a son and a daughter. Since the purpose of a pedigree is 



to analyze the pattern of inheritance of a particular trait, it is 



customary to shade in the symbol of all individuals that possess 



this trait. In the example, the daughter had the trait in question. The 


parents and the son did not.




In today’s exercise, assume that the trait in question is a genetic 




disease or abnormality.
The usually goal of pedigree analysis is to determine the genotypes of all family members. This is done so that the members can know the chances that they will pass the genetic disease to their children. 
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Is the trait dominant or recessive?
The pedigree on the right is for a genetic disease or 

abnormality. We do not yet know if it is dominant or 

recessive. How can we tell? The steps below describe how to

 analyze the pedigree to determine if the trait is dominant or

 recessive.

Assume for the moment that the trait is dominant (although we don't yet know for sure). The pedigree shows that the parents and the son have the recessive (normal) phenotype and one individual (the daughter) has the dominant (abnormal) phenotype. Using the standard Mendelian symbols (A for dominant and a for recessive), the genotypes of both parents and the son must be aa. (because aa is the only genotype that gives a recessive phenotype). The daughter, who has the trait, must be Aa or AA. However, she must have inherited her A allele from a parent, so at least one of her parents must have the A allele. Yet, we already said both her patents are aa. Since this is a contradiction, our assumption that the trait was dominant must have been wrong. The trait therefore must be recessive.

In short, if a trait “skips a generation” (meaning a child has the trait but neither parent does) the trait must be recessive. It is impossible for a child to have a dominant trait without at least one parent having that trait also.
Recessive Traits
Most genetic diseases are recessive. Therefore, when you are analyzing a pedigree chart for a genetic disease, a good starting assumption is that the trait is recessive. Using that assumption, try to assign genotypes to all family members. If you can assign
each member a genotype (or genotypes) that is consistent with the laws of 
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genetics, you have shown that it is possible that the trait is 

recessive.

We will determine if the pedigree on the right can be 

for a trait that is recessive. Use the following designations:

A = Allele for normal
a = Allele for the trait (a genetic disease or abnormality)

PD1) Assuming that the pedigree above is for a trait that is recessive, try to write the genotype of each individual next to the symbol. Is it possible that the pedigree above is for a recessive trait? ____
Yes
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PD2) Inspect the pedigree on the left. Assuming 





that the trait is recessive, try to write 
the genotype 





of each individual next to the symbol. Is it possible 






that the pedigree is for a recessive trait? ____ Yes
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PD3) Assuming that the pedigree to 

the right is for a recessive trait, write 

the genotype next to the symbol for 

each person. Is it possible that the 

pedigree is for a recessive 

trait? ____  Yes
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PD4) Assuming that the pedigree to the right is for a trait that is 
recessive, try to write the genotype of each individual next to the 
symbol. Is it possible that the pedigree is for a recessive trait?

No.
Some conclusions about pedigrees of recessive traits:


A) Recessive traits can skip a generation but it is also possible for a recessive trait 


     to not skip a generation. 


B) All family members with the trait must be homozygous recessive.


C) If both parents have the recessive trait, all offspring must have the trait.

Dominant Traits
Although most genetic diseases are recessive, some are dominant. Therefore, when you are analyzing a pedigree chart for a genetic disease, you should determine if the pedigree is consistent with a dominant trait and with a recessive trait. To determine if the trait could be dominant, try to assign genotypes to all family members. If you can assign
each member a genotype(s) that is consistent with the laws of 

genetics, you have shown that it is possible that the trait is 

dominant.

PD5) Write the genotypes next to the symbol for each person 

in the pedigree on the right, assuming that it is for 

a dominant trait. Is it possible that is for a dominant trait?

Yes










PD6) Write the genotypes of each family member on the 





left, assuming that the trait is dominant. Is it possible that 




this pedigree on the left is for a dominant trait? Yes

PD7) For the pedigree on the right, write the genotype of 

each individual next to the symbol, assuming that the trait

is dominant. Is this possible? No







PD8) Assuming that the pedigree to 







The right is for a dominant trait, write 







the genotype next to the symbol for 







each person. Is it possible that the 







pedigree above is for a dominant







trait? ____  Yes
Some conclusions about pedigrees of dominant traits:


A) Dominant traits can’t skip a generation. If a child has the trait at least one 


      parent must also have the trait.



B) All family members that don’t have the trait must be homozygous recessive.


C) Even if one (or both parents) have the dominant trait, children may or may not 


     have the trait.

PD9) As a final exercise, inspect the pedigree below and answer the following two questions BEFORE assigning any genotypes.



Can the trait be recessive? Yes

Can the trait be dominant? No
PD10) Now write the genotype of each 

individual next to the symbol in the pedigree. 

If more than one genotype is possible for

an individual, write all possible

genotypes.

In summary,

If a trait is dominant at least one parent must have the trait for a child to have the trait. In other words, dominant traits can’t “skip a generation”.

If a trait is recessive it is possible for a child to have the trait without either parent having the trait. In other words, only a recessive trait can “skip a generation.”
