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Doc #: 47
ORHS Level Biology

Genetic Disorders Practice Problems

AUTOSOMAL RECESSIVE DISORDERS

Autosomal Recessive Disorders:  In autosomal recessive disorders, the allele for the disorder is recessive to the normal healthy allele.  In order then to have the disorder, you must get a copy of the recessive disorder allele from BOTH your Mom and Dad.  The term autosomal means the gene is not on a sex chromosome but one of the 22 autosomes.  Males and females should inherit this disorder equally.

Most genetic disorders are autosomal recessive disorders.  You may be a carrier for several genetic disorders and not have any idea since you are phenotypically normal.

· Albinism

Albinism is an autosomal recessive disorder which results in the inability to produce melanin or skin pigment.  As a result, homozygous recessive individuals who have the condition have extremely pale skin and hair and have red eyes.   There are examples of albinism in many species of animals, as well as in humans.  
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Consider this pedigree for albinism.  Affected individuals (who have albinism) are shaded.  Normal skin pigmented individuals are not shaded.  In this example carriers are NOT half shaded. 

QUESTION 1:  For each blank under a square or circle, label it either AA, Aa or aa whereby A is normal skin pigment and aa is albinism.  If you cannot determine if it is AA or Aa, write A_.  

QUESTION 2: Can two non-albino parents have an albino child?  _________   Can a person with albinism have a child who does not have albinism? __________ 

· Cystic Fibrosis

Cystic Fibrosis is an autosomal recessive disorder which causes a thickening of body secretions, including in the lungs which leads to breathing difficulties and the need for constant antibiotics to prevent pneumonia.  The carriers are completely healthy but could pass CF onto their child if they mate with another carrier. 
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QUESTION 3:  On the pedigree above, determine which individuals you know with certainty are carriers for CF.   There should be SIX individuals you can conclude are carriers.  List them below with generation-number (for example II-2).


_______,
_______,
_______,
_______,
_______,
_______

QUESTION 4:  If individuals II-1 and II-2 were to have a fourth child, what is the probability that the child would be born with Cystic Fibrosis?  (Hint:  You need to work out the parent genotypes and then construct a Punnett

	
	
	

	
	
	

	
	
	


 Square). _________

AUTOSOMAL DOMINANT DISORDERS

Autosomal Dominant Disorders:  In autosomal dominant disorders, the allele for the disorder is actually dominant to the normal healthy allele.  (Remember that dominant does not mean common- these disorders can be both dominant and still rare!).   If a person has even one copy of disorder allele, they will have the disorder.  In order to not have the disorder, the person must have both recessive copies.  

· Achondroplasia
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Achondroplasia is also known as Dwarfism.  It is actually a cartilage disorder, whereby the genetic mutation causes difficulty converting cartilage into bone resulting in short limbs.   For this disorder, the homozygous dominant individuals are more severely affected and due to underdeveloped rib cages, rarely survive infancy.  Therefore most adults with Achondroplasia are heterozygotes. 

QUESTION 5:  How could you know from looking at this pedigree that the condition must be dominant? (Hint: there is one couple whose pattern of offspring would not be possible for a recessive disorder).

_____________________________________________________________________________

	
	
	

	
	
	

	
	
	


QUESTION 6:  If individuals 13 and 14  were to have a fourth child, what is the probability that the child would be born with Dwarfism?  (Hint:  You need to work out the parent genotypes and then construct a Punnett

 Square). _________

· Huntington’s Disease

Huntington’s Disease is a neurodegenerative disease, meaning it causes a gradual loss of normal cognitive or brain functioning.   It does not present with symptoms until approximately forty years old and begins with mood changes and memory loss but quickly progresses into loss of muscle control and a range of health problems. Life expectancy is around 20 years after the onset of symptoms.  

Huntington’s Disease is a dominant disorder and 99% of those affected have a parent who was affected. A person with Huntington’s is most likely a heterozygote, unless both parents had Huntington’s.   
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QUESTION 7:  A 45 year old woman has recently been diagnosed with Huntington’s Disease. Her mom had the disorder but her dad did not.  Her husband does not have Huntington’s Disease.  She has one daughter.  What is the likelihood that her daughter also will develop Huntington’s Disease?  _________
	
	
	

	
	
	

	
	
	


QUESTION 8: John and Maggie are both forty years old and have recently been diagnosed with Huntington’s Disease (they are both heterozygotes).  They met each other at a support group for those living with HD and quickly fell in love and married.  Now they are considering having a child together but want to know if their child would also have HD.  What is the likelihood that John and Maggie’s child would have Huntington’s? _________
	
	
	

	
	
	

	
	
	


CHROMOSOMAL DISORDERS

The disorders we have looked at all are caused by a mutation in one single gene.  Chromosomal disorders, on the other hand, are caused by an abnormal number of chromosomes.  These are the result of non-disjunction, an error during Meiosis.  They are not passed on through generations they way gene disorders are.  Parents of a person with a chromosomal disorder rarely have a disorder themselves.  Instead, when they were creating gametes, an error occurred there resulting in the offspring having one too many or one two few chromosomes.  

· Trisomy

A trisomy disorder means the person has THREE chromosomes instead of two for one of the 23 pairs. These are identified on a karyotype by the presence of an extra chromosome.  This can occur at any of the 23 pairs but having an extra chromosome is not always compatible with life.  For the bigger chromosomes, an embryo with an extra copy would not survive to birth and a miscarriage would result.  Only a few chromosomes could a baby survive with an extra chromosome.  
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QUESTION 9:  Circle the Trisomy on the karyotype for each of the following disorders

Trisomy is with chromosome #? ______



Trisomy is with chromosome #? ______
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Disorder:  Edward’s Syndrome 




Disorder:  Patau Syndrome 

Trisomy is with chromosome #? ______



Trisomy is with chromosome #? ______
Disorder:  Down Syndrome





Disorder:  Klinefelter’s Syndrome
· Monosomy
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When non-disjunction occurs, it can create gametes carrying an extra chromosome or gametes lacking a chromosome.  If a gamete missing a chromosome is fertilized, the zygote has only one chromosome instead of two for a pair.  This means the person has 45 chromosomes, instead of 46 and this condition where one chromosome pair has only one is called Monosomy.  Most monosomy conditions are not compatible with life.  The only true monosomy that a person can survive with it Turner’s Syndrome.  








QUESTION 10:  Which chromosome pair is 








missing a chromosome in the karyotype for 








Turner’s Syndrome? ___________
SEX-LINKED RECESSIVE DISORDERS

A Sex-Linked Disorder is a disorder resulting from a mutation in a gene on a sex chromosome, usually the X chromosome.  These disorders have a unique pattern of inheritance because males are much more likely to have the disorder.  Because males only have one X chromosome, they cannot be a carrier for a sex linked recessive disorder.  If they get one copy of the disorder allele, they will have the disorder.  Females can have a sex-linked disorder but they would need to have two copies, one from each parent.  

In a pedigree for a sex linked disorder, you will tend to see more males affected than females.  Males can be affected even if neither parent is affected.  Any girls who are born with the disorder would have a dad who was affected.  Males cannot be carriers so the only carriers you may see indicated are female.  

· Color-Blindness

Color Blindness is a condition whereby individuals struggle to differentiate between colors.  They have normal vision in terms of clarity but colors tend to be less vivid and look the same to the person.  
A pedigree may half shade females who are carriers, although in reality unless a woman has an affected dad or gives birth to a color blind son, she is unlikely to know if she is a carrier. 
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QUESTION 11:  We can be confident that Annette is a carrier for Color-Blindness for two reasons.  What are the two evidences that Annette is a carrier? __________________________________
QUESTION 12:  Annette and Paul go through a messy divorce and Annette finds love again with a new man, Jack.  Jack tells Annette that he is color-blind.  Annette and Jack get married and have a daughter.  What are the odds that their daughter is color-blind? ___________________________

· Hemophilia

Hemophilia results from a mutation on the X chromosome and is a blood clotting disorder.   Hemophiliacs do not have adequate clotting factors so when they are injured and bleed, they will bleed for longer than another person unless they get medical intervention.  

Because it is carried on the X chromosomes and males have only one X chromosome, they cannot be carriers for hemophilia and therefore are more likely to have the condition.  

	
	
	

	
	
	

	
	
	


QUESTION 13:  Carriers are not half shaded in this pedigree.  Go through and shade the circles of any females you KNOW are carriers. Which THREE did you color? _____, _____, _______. 

QUESTION 14: Individual IV-3 is named Jose and he has telling his new girlfriend Valerie about his two brothers having hemophilia and how hard it has been for them.  Valerie was so understanding because her Dad has Hemophilia so she knows all about it.  If Jose and Valerie decide to get married and have children when they grow up, would their children have hemophilia as well?  ___________________
SUMMARY CHART
For each disease in the chart, state whether it is Autosomal Dominant, Autosomal Recessive, Sex-Linked Recessive or Chromosomal

	DISORDER
	TYPE OF DISORDER

	Color-Blindness
	

	Turner’s Syndrome
	

	Cystic Fibrosis
	

	Achondroplasia (Dwarfism)
	

	Hemophilia
	

	Down Syndrome
	

	Albinism
	

	Klinefelter’s Syndrome
	

	Huntington’s Disease
	


ANNETTE





PAUL








