PTC tasting and tongue rolling activity
Before class
1- Videos to watch:
· Mendelian Genetics: https://youtu.be/NWqgZUnJdAY
· A beginner’s Guide to Punnett Squares: https://youtu.be/Y1PCwxUDTl8
· Hardy-Weinberg Equilibrium: https://youtu.be/xPkOAnK20kw
Note: This activity covers 2 classes: The genetics part takes a full class session (1 h 20 min), while the Hardy-Weinberg part of the activity is covered in another class and takes about 15 min to complete.
2- Key concepts and learning outcomes:
	Topic
	Concept
	Learning Outcomes

	Mendel`s experiments
	1. In the 19th century, there were 2 hypotheses that explained the basic patterns of transmission of traits from parents to offspring:
a. Blending inheritance: concept of genetic mixing
b. Inheritance of acquired characters: traits can be modified in individuals through use
2.  Gregor Mendel was an Austrian monk with scientific training in math, physics, and biology. He was addressing a basic question: why offspring resemble their parents and how transmission of traits occurs.
3. Mendel examined varieties of peas for heritable characters and well-defined alternative traits in pure lines:
a.  Character: a feature (eg, flower color)
b.  Trait: a particular form of a character (eg, white flowers)
c.  Heritable: the trait can be passed from parent to progeny
d.  Pure line: individuals that produce identical offspring when self-fertilized
4. Mendel used these plants to create hybrids—a mix of 2 different pure lines. He prevented self-fertilization by removing the male reproductive organs from the flower. And he allowed cross-fertilization using pollen from a different plant.
5. In his experiments, Mendel started with a parental generation (P) of true-breeding plants. He observed the phenotypes in the progeny of the cross between the parents (F1 or 1st filial generation). Then allowed individuals of the F1 generation to be crossed to each other (self-fertilize). He observed and recorded the traits of each generation (P, F1 and F2) in sufficient quantities to explain through mathematical analysis the relative proportions of the kinds of progeny.
6. Mendel chose 7 easily recognizable traits, each with only two forms (phenotypes).

	1. Define the terms character, trait, and heritable trait.
2. [bookmark: _Toc313891587][bookmark: _Toc321903657][bookmark: _Toc282772169][bookmark: _Toc282776031][bookmark: _Toc313890710]Describe the study system Mendel used to carry out his genetic experiments, and explain why he chose this system, along with why he was able to achieve his remarkable insights.
3. Describe the methodology Mendel used to carry out his genetic crosses, defining the terms true-breeding, hybrid, P, F1, and F2 

	Definitions
	6. Genes: Mendel’s units of inheritance; hereditary determinants for a trait 
7. Alleles: different forms/versions of a gene; each allele is given a symbol
8. Locus: gene location on a particular chromosomal DNA  
9. Homozygous: true-breeding individuals would have two copies of the same allele
10. Heterozygous: not true-breeding plants; individuals that are the cross between 2 genetically different parents
11. Phenotype: physical appearance of an organism (eg, wrinkled seed) 
12. Genotype: actual composition of the organism's alleles for a gene (Ss).
	4. Define what alleles are, and distinguish between these and genes
5. Define gene locus
6. Explain what homologous chromosomes are, and what it means to be homozygous or heterozygous for a particular gene.
7. Define the terms genotype and phenotype, and relate these to the central dogma

	Monohybrid crosses 
	1. A Monohybrid cross involves one character and different traits. For example, Mendel examined the inheritance of seed shape from true-breeding pea plants (character) by observing the traits (eg, wrinkled vs. round seeds) in the 1st and 2nd filial generations.
2. In all the characters he examined in peas, he observed a phenotypic ratio of 3:1 (eg, 3 round : 1 wrinkled), concluding that 1 trait is dominant (eg, round seed) over the other (wrinkled seed).
	4. Explain what monohybrid crosses are
5. Define what dominant and recessive alleles are, and explain how these result in phenotypic differences.
6. Provide the genotypic and phenotypic ratios of monohybrid crosses involving simple dominant and recessive alleles

	Mendel`s 1st law: the law of segregation of alleles
	7. Mendel's Particulate theory of inheritance: presence of inheritance units that exist in pairs within an organism, separated during gamete formation and retained their integrity (sharp contrast to the blending theory)
8. During production of gametes, only one of the pair members for a given character passes to the gamete. When fertilization occurs, the zygote gets one from each parent, restoring the pair.
9. The chromosome theory of inheritance explains the principle of segregation:
a. During gametogenesis, alleles separate and each gamete receives one member of the pair of alleles.
b. In fertilization, allele pairs are re-established by receiving one copy from each parent.
c. Mendel`s law of segregation is explained by events of meiosis I.
	7. Recall and explain Mendel's first law, recognize instances that illustrate this law, and explain how this law is the result of meiotic events 


	Test cross
	15. Mendel verified his hypothesis by performing a test cross: if an organism shows a dominant phenotype, is it homozygous or heterozygous?
16. A test cross determines the genotype (heterozygous or homozygous) of an individual with a dominant trait and involves crossing the individual to a true-breeding recessive (homozygous recessive).
17. In a test cross, if unknown is heterozygous, then 50% of progeny will have the dominant trait and 50% the recessive trait.
	8. Describe what a test cross is and explain its purpose




	Dihybrid crosses
	18. Mendel wanted to determine whether the principle of segregation holds true if parents differ in more than 1 trait.
19. Dihybrid cross: mating between parents that are both heterozygous for two different traits (eg, seed shape and colour).
20. When F1 plants were allowed to self-pollinate, Mendel observed an F2 progeny with 4 phenotypes in a 9:3:3:1 ratio.
	9. Explain what dihybrid crosses are
10. Provide the genotypic and phenotypic ratios of dihybrid crosses involving simple dominant and recessive alleles

	Mendel`s 2nd law: law of independent assortment
	21. Alleles of different genes are transmitted independently of each other during gamete formation.
22. Mendel`s law of independent assortment is explained by independent alignment and separation of homologous chromosomes at meiosis I.
23. This law applies only to genes located on separate chromosomes. It does not necessarily apply to genes located on the same chromosome.
24. Mendel also performed test crosses to confirm predictions in dihybrid crosses. In such a cross, if the unknown individual is heterozygous, the resulting progeny will have 4 phenotypes in a 1:1:1:1 ratio.

	11. Recall and explain Mendel's second law, recognize instances that illustrate this law, and explain how this law is the result of meiotic events 
12. Give the phenotypic ratio of a  test cross involving a dihybrid individual

	Punnett square 
	25. Punnett square is a diagram used to predict the genotypes and phenotypes of the offspring from a cross. 
26. It helps us to consider all genetic combinations and show the expected frequencies of genotypes and phenotypes. 

	13. Use Punnett squares to derive genotypic and phenotypic ratios from Mendelian crosses, and recall, recognize, and be able to associate basic Mendelian ratios (eg, 3:1, 9:3:3:1) with particular types of crosses

	Measurement of allele & genotype frequencies in a population
	27. Allele frequencies measure the amount of genetic variation in a population. The sum of all allele frequencies at a given locus is 1.              
p(allele frequency) = number of copies of the allele in the population
                                            sum of all alleles in the population
28. Genotype frequencies show how a population’s genetic variation is distributed among its members. The sum of all genotype frequencies for a given trait is 1.
Np(genotype frequency) = number of individuals carrying the genotype
                                                total number of individuals in the population
29. Together, allele and genotype frequencies describe a population’s genetic structure.
30. For a given gene locus with 2 alleles:[image: D:\Figures\Chapter22\highres\Life8e-Fig-22-06-0W.jpg]
	14. Calculate allele, genotype, and phenotype frequencies for a gene in a population


	Hardy-Weinberg Principle 
	31. Hardy-Weinberg equilibrium: a mathematical model to calculate what happens to allele frequencies when no evolution is taking place.
32.  For a gene with 2 alleles A1 and A2, 3 genotypes are possible: A1A1, A1A2, and A2A2. If frequency of A1 is p and frequency of A2 is q, the resulting frequencies of the genotypes in the new generation are:  A1A1 =p2;  A2A2 =q2;  A1A2 =2pq.
33. The sum of the 3 genotype frequencies must equal 1 (100% of the population): p2 + 2pq + q2 = 1 (Hardy-Weinberg equation); or (p + q)2 = 1. 
7. A population is said to be in Hardy-Weinberg equilibrium when:
a. It is not changing genetically.
b. Allele and genotype frequencies do not change from generation to generation.
8. Five essential assumptions about the population must be made in order to meet Hardy-Weinberg equilibrium:
a. Mating is random.
b. Population size is very large (no genetic drift).
c. There is no migration between populations.
d. Mutation can be ignored.
e. Natural selection does not affect the alleles under consideration.
	15. Explain how the Hardy-Weinberg equation is derived
16. Calculate allele, genotype, and phenotype frequencies for 2 or more alleles of a given gene in a population, using the Hardy-Weinberg equation
17. Use the Hardy-Weinberg equation to determine whether a given population is in Hardy-Weinberg equilibrium for a given gene
18. State the 5 essential assumptions needed for a given population to meet Hardy-Weinberg equilibrium

	Hardy-Weinberg equilibrium as null hypothesis
	34. When allele frequencies change over time and when genotype frequencies do not conform to Hardy-Weinberg proportions, evolution is occurring in that population.
35. The Hardy-Weinberg principle serves as a null hypothesis for determining whether evolution is acting on a particular gene in a population.
	19. Describe how the Hardy-Weinberg equation can be useful as a null hypothesis for determining whether evolution is occurring with regard to a given gene




After class

[bookmark: _GoBack]Practice questions (see attached documents): these questions are now on myDALITE and can be assigned using this platform.
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