AP Biology

Molecular Genetics Unit (#7)

Introduction: 
You all know that you start out with one cell and therefore one set of genes, right? You also know that those genes contain instructions for a cell’s structure and function, right? So then how can your liver cells and your brain cells contain the same genes but be so different? In this unit you will examine how genes function to make the proteins that make your cells. You’ll investigate how gene expression is controlled through genetic and epigenetic mechanisms. While it’s hard to do this with actual genes, you will explore using computer simulations. You will use some genes too, as you transform bacteria to express new traits. Finally, you’ll delve into the societal issues generated by our quest to study and control our genes.

Essential Question: 
· How has the study of molecular biology increased our understanding of how genes work?

· How is the interrelationship of molecules necessary for the functioning of our genetic control?

· How will our increasing understanding of genetics and our ability to manipulate gene function affect human lives?
Big Ideas:

Big Idea 1: The process of evolution drives the diversity and unity of life.

Big Idea 2: Biological systems utilize free energy and molecular building blocks to grow, to reproduce, and to maintain dynamic homeostasis.

Big Idea 3: Living systems store, retrieve, transmit, and respond to information essential to life processes.

Big Idea 4: Biological systems interact, and these systems and their interactions possess complex properties.
Learning Goals:
· Enduring understanding 1.B: Organisms are linked by lines of descent from common ancestry.

· Essential knowledge 1.B.1: Organisms share many conserved core processes and features that evolved and are widely distributed among organisms today.
· Enduring understanding 2.E: Many biological processes involved in growth, reproduction and dynamic homeostasis include temporal regulation and coordination.

· Essential knowledge 2.E.1: Timing and coordination of speciﬁc events are necessary for the normal development of an organism, and these events are regulated by a variety of mechanisms.

· Enduring understanding 3.B: Expression of genetic information involves cellular and molecular mechanisms.

· Essential knowledge 3.B.1: Gene regulation results in differential gene expression, leading to cell specialization.

· Essential knowledge 3.B.2: A variety of intercellular and intracellular signal transmissions mediate gene expression.

· Enduring understanding 3.C: The processing of genetic information is imperfect and is a source of genetic variation.

· Essential knowledge 3.C.1: Changes in genotype can result in changes in phenotype.

· Essential knowledge 3.C.2: Biological systems have multiple processes that increase genetic variation.

· Essential knowledge 3.C.3: Viral replication results in genetic variation, and viral infection can introduce genetic variation into the hosts.

· Enduring understanding 4.A: Interactions within biological systems lead to complex properties.

· Essential knowledge 4.A.3: Interactions between external stimuli and regulated gene expression result in specialization of cells, tissues and organs.

· Enduring understanding 4.C: Naturally occurring diversity among and between components within biological systems affects interactions with the environment.

· Essential knowledge 4.C.1: Variation in molecular units provides cells with a wider range of functions.

· Essential knowledge 4.C.2: Environmental factors inﬂuence the expression of the genotype in an organism.
Skill Development:
Science Practice 1: The student can use representations and models to communicate scientific phenomena and solve scientific problems.

Science Practice 2: The student can use mathematics appropriately.

Science Practice 3: The student can engage in scientific questioning to extend thinking or to guide investigations within the context of the AP course.

Science Practice 4: The student can plan and implement data collection strategies appropriate to a particular scientific question.

Science Practice 5: The student can perform data analysis and evaluation of evidence.

Science Practice 6: The student can work with scientific explanations and theories.

Science Practice 7: The student is able to connect and relate knowledge across various scales, concepts and representations in and across domains.
Unit Length: 4 cycles
Readings: 

Text: Chapters 9-13

Watson and Crick, Science, 1953

Case Studies

Activities and Assessments (that may be done):
· DNA model building

· Protein Synthesis & Mutations Practice

· Gene Expression PhEt Computer Simulation

· Nature via Nurture Discussion
· Stickleback genetics lab
· Micro-array activity
· Medical Case Study

· BioBuilder Transformation Inquiry Lab

· Synthetic Biology/biotechnolgy case study with debate
· Student notes on readings

· Class lectures and discussions

· Practice AP FRQ

· Reading quizzes

· Unit exam including FRQs
Unit Objectives:

Chapter 9

1. Describe the circumstantial evidence that suggested that DNA was the genetic material.
2. Describe the experimental evidence that confirmed that DNA is the genetic material.

3. Name and explain four key features that define DNA structure.

4. Explain how the double-helical structure of DNA is essential to its function.

5. Explain how DNA replicates semiconservatively.

6. Explain the roles of the various enzymes in DNA replication.

7. Describe how each of the DNA strands grows.

8. Explain the role of telomeres in DNA replication.

9. Explain how DNA errors can be repaired.

10. Describe the process of Polymerase Chain Reaction and relate it to DNA replication.

11. Explain how mutations can have various phenotypic effects.

12. Compare and contrast point mutations and chromosomal mutations.

13. Explain how mutations can be spontaneous or induced.

14. Explain how some base pairs are more vulnerable than others to mutation.
15. Explain how mutagens can be natural or artificial.

16. Explain how mutations have both benefits and costs.

Chapter 10

17. Describe evidence that led to the proposal that genes determine the structure of enzymes.

18. Discuss how the concept of gene has changed over time.

19. Describe how genes are expressed via transcription and translation (overview).

20. Describe transcription as a process that has three steps.

21. Describe the function of the RNA polymerases.

22. Explain how Eukaryotic DNA coding regions are interrupted by introns and how gene transcripts are processed before translation.

23. Explain how the genetic code in RNA is translated into the amino acid sequences of proteins.

24. Explain how point mutations confirm the genetic code.

25. Explain how translation of the genetic code is mediated by tRNA and ribosomes.

26. Describe the structure of tRNA.

27. Describe the structure of the ribosome.

28. Describe the process of translation in three steps.

29. Explain how polysome formation increases the rate of protein synthesis.
30. Explain how signal sequences in proteins direct them to their cellular destinations.

31. Explain how some proteins are modified after translation.

Chapter 11
32. Explain how gene expression is controlled through both positive and negative regulation.

33. Explain how viruses use gene regulation strategies to subvert host cells.

34. Explain how gene regulation is advantageous for prokaryote cells 

35. Describe the structure and function of the operon.

36. Explain how operator-repressor interactions regulate transcription in the lac and trp operon.

37. Explain how Eukaryotic genes are regulated by transcription factors and DNA changes.

38. Explain how the expressions of sets of genes can be coordinately regulated by transcription factors.

39. Explain how epigenetic changes to DNA and chromatin can regulate transcription.

40. Explain how epigenetic changes can be induced by the environment.

41. Describe ways that Eukaryotic gene expression can be regulated after transcription.
42. Explain how different mRNAs can be made from the same gene by alternative splicing.

43. Explain the role of microRNAs in regulation of gene expression.

44. Explain how translation of mRNA can be regulated.

45. Explain how protein stability can be regulated.

Chapter 12

46. Describe methods used to sequence DNA and what information can be learned from this.

47. Explain how proteomics and metabolomics can be used to analyze phenotypes.

48. Describe the prokaryotic genome.

49. Explain how metagenomics allows us to describe new organisms and ecosystems.

50. Explain how our increased understanding of genes may lead to the creation of artificial life.
51. Explain how model organisms reveal characteristics of eukaryotic genomes.

52. Explain the role of gene families and repetitive sequences in the structure and evolution of genomes.

53. Describe the advantages of knowing the human genome.

54. Explain how DNA fingerprinting works and why it is used.

Chapter 13

55.  Explain restrictions enzymes are used to cleave DNA at specific sequences.
56. Explain how gel electrophoresis separates DNA fragments.

57. Explain how recombinant DNA can be made from DNA fragments.

58. Describe the methods used to transform cells by inserting DNA.

59. Explain the role of reporter genes in genetic transformation.

60. Discuss sources of DNA used for cloning.

61. Explain why and how DNA mutations are made in the library.

62. Explain how gene function can be studied using homologous recombination and complimentary RNA.

63. Explain how DNA microarrays reveal RNA expression patterns.

64. Explain how expressions vectors can turn cells into protein factories.

65. Describe some medical and agricultural uses of biotechnology.

66. Discuss the public concern about biotechnology.

Chapter 14

67. Describe each of the four key processes that underlie development.

68. Explain how cell fates become progressively more restricted during development.

69. Relate cell differentiation to potency, environmental cues and stem cells.

70. Relate cell differentiation to differential gene transcription.

71. Explain how cytoplasmic polarity and inducer message from other cells can determine cell fates.

72. Explain how multiple genes interact to determine programmed cell death.

73. Explain how expression of transcription factor genes determines organ placement in plants.

74. Explain how morphogen gradients provide positional information during development.

75. Describe the cascade of transcription factors that establish body segmentation in the fruit fly.

76. Describe the relationship of developmental genes among various organisms.

77.  Explain how genetic switches govern how the genetic toolkit is used.
78. Explain the role of modularity in the differences n the pattern of gene expression among organisms.

79. Explain how mutations in developmental genes can cause major evolutionary changes.

80. Explain how conserved developmental genes can lead to parallel evolution.

