Videos
These are the videos to view before our class on the patterns of inheritance. They aren't theory, just examples, so no extra interaction is included for these. The three videos focus exclusively on both learning outcomes from this course:
(After watching these videos, you should be able to)
LO1: Compare different patterns of autosomal dominant, autosomal recessive, or X-linked recessive inheritance, recognize pedigree examples of each and explain the difference between them, and attribute these patterns to mechanics of meiosis and to Mendelian laws.
LO2: Use Punnett squares and probability calculations (product rule, addition rule) to solve pedigree problems requiring the determination of inheritance pattern, parental genotypes, and the probability of a child inheriting a particular genotype.
Pedigree Analysis 1 (Andrew Douch)
https://youtu.be/HbIHjsn5cHo?si=wNOhXyld4jd5MD8G
Pedigree Analysis 2 (Andrew Douch)
https://youtu.be/ej2hFc8u_zQ?si=kU9aaGMBJxcccoKV
Pedigree Analysis 3 (Andrew Douch)
https://youtu.be/UU3Ou0c9u0U?si=q6eLdlLPRpKi2UCd


Readings
Patterns of Inheritance
Openstax Readings:
	Section
	Heading
	Specifics
	General Biology 1 (NYA) Learning Outcomes
	Notes

	12.2
	Characteristics and Traits
	Review subsection 'The Test Cross Distinguishes the Dominant Phenotype'.  
	1. Compare different patterns of autosomal dominant, autosomal recessive, or X-linked recessive inheritance, recognize pedigree examples of each and explain the difference between them, and attribute these patterns to mechanics of meiosis and to Mendelian laws.
2. Use Punnett squares and probability calculations (product rule, addition rule) to solve pedigree problems requiring the determination of inheritance pattern, parental genotypes, and the probability of a child inheriting a particular genotype.
	1. Pedigree analysis really isn't covered. It's only mentioned in passing, and bits of probability analysis are included in other sections.
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	Copied Below
	
	





Pedigree Reading Supplement
The Openstax text doesn't really address pedigree analysis at all. This is described below.

Applying Mendel's Rules to Humans
When researchers set out to study how a particular gene is transmitted in wheat or fruit flies or garden peas, they begin by making a series of controlled experimental crosses. For obvious reasons, this research strategy is not possible with humans. But suppose that you are concerned about an illness that runs in your family, and you go to a genetic counselor to find out how likely your children are to have the disease. To advise you, the counselor needs to know how the trait is transmitted, including whether the gene involved is autosomal or sex-linked and what type of dominance is associated with the disease allele.
To understand the transmission of human traits, investigators have to analyze human genotypes and phenotypes that already exists. They do so by constructing a pedigree, or family tree, of affected individuals.
Pedigrees record the genetic relationships among the individuals in a family along with each person's sex and phenotype with respect to the trait in question. If the trade is governed by a single gene, then analyzing the pedigree may reveal whether a given phenotype is due to a dominant or recessive allele and whether the gene responsible is located on a sex chromosome or on an autosome. Let's look at a series of specific case histories to see how this work is done.
Identifying human alleles as recessive or dominant
To analyze the inheritance of a trait that shows discrete variation, biologists begin by assuming that a single autosomal gene is responsible and that the alleles present in the population have a simple dominant-recessive relationship. This is the simplest possible situation. If the pattern of inheritance fits this model, then the assumptions – of inherited by a single gene and simple dominance – are supported. Let's first analyze the pattern of inheritance that is typical of autosomal recessive traits and then examine patterns that emerged in pedigrees for autosomal dominant traits.
Patterns of inheritance: autosomal recessive traits. In analyzing the inheritance of traits, it's helpful to distinguish conditions that must be met when a particular pattern of inheritance occurs versus conditions that are likely to be met. For example, if a phenotype is due to an autosomal recessive allele, then:
· individuals with the trait must be homozygous.
· where the parents of an affected individual do not have the trait, the parents must be heterozygous for the trait (unless a mutation occurred in one or both of the parents when producing the gametes; this is such a remote possibility that we essentially ignore it).
Heterozygous individuals who carry a recessive allele for an inherited disease are referred to as carriers of the disease. These individuals carry the allele and transmit it even though they do not exhibit signs of the disease. When two carriers mate, they should produce offspring with the recessive phenotype about 25% of the time.
The figure below is the pedigree from a family in which an autosomal recessive trait, such as sickle cell disease, occurs. The key feature to notice in this pedigree is that some boys and girls exhibit the trait even though their parents do not. This is the pattern you would expect to observe when the parents of an individual with the trait are heterozygous. It is also logical to observe that when an affected homozygous individual has children, those children do not necessarily have the trait. This pattern is predicted if affected people have children with individuals who are homozygous for the wild-type allele, and is likely to occur if the recessive allele is rare in the population.
In general, a recessive phenotype should show up in offspring only when both parents have that recessive allele and pass it on to their offspring. By definition, a recessive allele produces a given phenotype only when the individual is homozygous for that allele.
[image: ]

Patterns of inheritance: autosomal dominant traits. By definition, when a trait is autosomal dominant, individuals who are homozygous or heterozygous for it must have the dominant phenotype. Even if one parent is heterozygous and the other is homozygous recessive, on average half of their children should show the dominant phenotype. And unless a new mutation has occurred in a gamete, any child with the trait must have a parent with this trait. The latter observation is in strong contrast to the pattern seen in autosomal recessive traits.
The figure below shows the consequences of autosomal dominant inheritance in the pedigree of a family affected by a degenerative brain disorder called Huntington's disease. The pedigree has two features that indicate that this disease is passed to the next generation through an autosomal dominant allele. First, if a child shows the trait, then one of its parents shows the trait as well. Second, if families have a large number of children, the trait usually shows up in every generation due to the high probability of heterozygous parents having affected children.
 [image: A diagram of a family tree

Description automatically generated]
Identifying human traits as autosomal or sex-linked
When it is not possible to arrange reciprocal crosses, can data in a pedigree indicate whether a trait is autosomal or sex linked? The answer is based on a simple premise: if a trait appears about equally often in males and females, then it is likely to be autosomal.
The data in the Huntington's pedigree above indicate that the disease appears in both males and females at about equal rates. This is strong evidence that the trait is autosomal. But if males are much more likely to have the trait in question than females are, then the allele responsible is likely to be recessive and found on the X chromosome. Because so few genes occur on the Y chromosome, Y-linked inheritance is rare.
To understand why a sex bias in phenotype implicates sex-linked inheritance, recall from our previous class that sex-linked genes are located on one of the sex chromosomes. Because human males have one X chromosome and one Y chromosome, they have just one copy of each X-linked gene. But because human females have two X chromosomes, they have two copies of each X-linked gene. These simple observations are critical. In humans – just as in fruit flies and in every other species that has sex chromosomes – the pattern of inheritance in sex-linked traits is different in males and females because the complement of sex chromosomes differs in the two sexes.
What does the pedigree of an X-linked trait look like? Let's consider the pedigree of a classic X-linked trait: the occurrence of hemophilia in the descendants of Queen Victoria, the 19th century British monarch, and her husband, Prince Albert. Hemophilia is caused by a defect in an important blood-clotting factor. Hemophiliacs are at a high risk of bleeding to death because even minor injuries result in prolonged bleeding. The tip-off in the pedigree of Queen Victoria's descendants is that only males develop hemophilia.
Also note the affected male in generation 2 (the second square from the right in Row II). His two sons were unaffected, but the trait reappeared in a grandson. Stated another way, the occurrence of hemophilia skipped a generation. This pattern is logical because hemophilia is due to an X-linked recessive allele. Because males have only one X chromosome, the phenotype associated with an X-linked recessive allele appears in every male that carries it. Further, the appearance of an X-linked recessive trait skips a generation in a pedigree. This pattern occurs because an affected male passes his only X chromosome on to his daughters. But because his daughters almost always received a wild-type allele from their mother, the daughters don't show the trait. They will pass the defective allele on to about half of their sons, however.
[image: ]
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