Unit III:  Genetics

Chapter 13, Meiosis and Sexual Life Cycles:  Offspring acquire genes from their parents by inheriting chromosomes; Fertilization and meiosis alternate in sexual life cycles; meiosis reduces the number of chromosome sets from diploid to haploid; Genetic variation produced in sexual life cycles contributes to evolution.


Questions you should be able to answer:

1. Explain what makes heredity possible.

2. Distinguish between sexual and asexual reproduction.

3. Explain the human life cycle.

4. Explain where in the body mitosis and meiosis occur.

5. Which cells result from meiosis and mitosis.

6. Distinguish between the life cycles of animals, fungi and plants.

7. Distinguish sporophyte from gametophyte.

8. List the phases of meiosis I and meiosis II and describe the events characteristic of each phase.

9. Explain how genetic recombination occurs.

10. What are the key differences between meiosis and mitosis?

11. Explain how independent assortment, crossing over and random fertilization contribute to genetic variation in sexually reproducing organisms.

12. Explain why inheritable variation is crucial to Darwin’s theory of evolution.

13. List the sources of genetic variation.

14. What features of meiosis are important in sexual reproduction?

15. Why is meiosis important in heredity?

16. How is meiosis related to gametogenesis?

17. What are the similarities and differences between gametogenesis in animals and plants?

Major themes addressed in the chapter:

1. Science as a process.  Explain the term karyotype, and explain its significance to genetics.

2. Evolution.  How does the genetic variation produced in sexual life cycles contribute to evolution?

3. Continuity and change.  How does the chromosome number of an organism maintain continuity within a species?  How can changes within the chromosome contribute to variation within an organism?

4. Interdependence in nature.  What is the evolutionary significance of genetic variation within a population?

5. Relationship of structure to function.  How is the structure of an organism’s gametes related to their function? 

6. STS.  Karyotypes can be used to obtain information about the health of a fetus.  Should people use this information to determine whether or not to carry a baby to term?

Chapter 14, Mendel and the Gene Idea:  Mendel used the scientific approach to identify two laws of inheritance; Mendelian inheritance are governed by the laws of probability; Inheritance patterns are often more complex than predicted by simple Mendelian genetics; Many human traits follow Mendelian patterns of inheritance.  


Questions you should be able to answer:
1. Explain how Mendel’s hypothesis of inheritance differed from the blending theory of inheritance.

2. How did Mendel’s work lay the foundation of modern genetics?

3. What are the principle patterns of inheritance?

4. List the four components of Mendel’s hypothesis that led him to the law of segregation. 

5. Explain the law of segregation.

6. Distinguish between genotype and phenotype; heterozygous and homozygous; dominant and recessive

7. Explain how a testcross is used to determine if a dominant phenotype is homozygous or heterozygous.

8. Explain the law of independent assortment.

9. Explain how the rules of probability can be used to predict the outcomes of genetic crosses.

10. Give an example of incomplete dominance and explain why it is not evidence for the blending theory of inheritance.

11. Explain how the phenotypic expression of a heterozygote is affected by complete dominance, incomplete dominance and codominance.

12. Define and give examples of plieotropy.

13. Explain epistasis and how it affects phenotypic appearance.

14. Explain how a lethal recessive gene is maintained in a population.

15. Explain why lethal dominant genes are rare and how they are maintained within a population.

16. An organism’s phenotype is the synergistic product of genes and environment.

Major themes addressed in the chapter:

1. Science as a process. Explain how Gregor Mendel used the scientific method when experimenting with peas.

2. Evolution. How has the information uncovered by Mendel been used to arrive at the theory of evolution?

3. Continuity and change. How do genes maintain continuity within a population?  How can they result in changes?

4. Interdependence in nature. How does the idea of the gene transcend biology?

5. STS. Imagine that one of your parents had Huntington’s disease.  What is the probability that you, too, will someday manifest the disease?  There is no cure for Huntington’s.  As a genetics counselor, what advice would you give a person with this dilemma?

Chapter 15, The Chromosomal Basis of Inheritance:  Mendelian inheritance has its physical basis in the behavior of chromosomes; Linked genes tend to be inherited because they are located near each other on the same chromosome; Sex-linked genes exhibit unique patterns of inheritance; Alterations of chromosome number or structure cause some genetic disorders; Some inheritance patterns are exceptions to the standard chromosome theory;


Questions you should be able to answer:
1. Explain the chromosomal theory of inheritance and how the observations of cytologists and geneticists provided the basis for this theory.

2. Describe the contributions of Thomas Hunt Morgan, Walter Sutton and A.H. Sturtevant made to our understanding of chromosomal inheritance. 

3. Define linkage explain how linkage interferes with independent assortment.

4. Describe sex determination in humans.

5. Describe the inheritance of a sex-linked gene such as color-blindedness.

6. Explain why a recessive sex-linked gene is more likely to be expressed in males than in females.

7. Distinguish between nondisjunction, aneuploidy and polyploidy and explain how these major chromosomal changes occur and describe the consequences.

8. Distinguish between deletions, duplications, translocations and inversions.

Major themes addressed in the chapter:

1. Science as a process.  What is it about the fruit fly that make them good choices for genetic experimentation?

2. Evolution. What are the various chromosomal aberrations that can occur during meiosis which can contribute to evolution?

3. Continuity and change. How is genetic information organized in the eukaryotic chromosome?  How does this organization contribute to both continuity of and variability in the genetic information?

4. STS. About one in every 1,500 boys and one in every 2,500 girls are born with a fragile X chromosome, the tip of which hangs on to the rest of the chromosome by a thin thread of DNA. This abnormality causes mental retardation. Opinions differ about whether children with learning disorders should be tested by karyotyping for the presence of a fragile X chromosome. Some argue that it’s always better to know the cause of the problem so that education specialized for that disorder can be prescribed. Others counter that attaching a specific biological cause to a learning disability stigmatizes a child and limits his or her opportunities. What is your evaluation of these arguments?
Chapter 16, The Molecular Basis of Inheritance:  DNA is the genetic material; Many proteins work together in DNA replication and repair.


Questions you should be able to answer:
1. Summarize the experiments performed by the following scientists which provided evidence that DNA is the genetic material:

a. Frederick Griffith

b. Alfred Hershey and Martha Chase

c. Erwin Chargaff

2. List the three components of a nucleotide.

3. List the nitrogenous bases found in DNA.

4. List the nitrogenous bases found in RNA.

5. Explain how Watson and Crick deduced the structure of DNA.

6. By discovering the structure of DNA, explain how Watson and Crick deduced a mode by which genes could be replicated.

7. Explain the significance of the base-pairing rule.

8. Explain semiconservative replication and describe the Messelson-Stahl experiment.

9. Describe the process of DNA replication and explain the role of helicase, single strand  binding protein, DNA polymerase, ligase, and primase.

10. Explain what energy source drives the endergonic synthesis of DNA.

11. Define antiparallel and explain why continuous synthesis of both DNA strands is not possible.

12. Distinguish between the leading strand and the lagging strand and explain how the lagging strand is synthesized when DNA polymerase can add nucleotides only to the free 3’ end.

13. Explain the role of DNA polymerase, ligase, and repair enzymes in DNA proofreading and repair. 

14. How do the structures of nucleic acids relate to their functions of information storage and protein synthesis?

Major themes addressed in the chapter:

1. Science as a process.  How do we know DNA is the genetic material?  Explain how X-ray diffraction, model building, and analysis of base pairing led to the development of the double helix model of DNA.

2. Evolution.  Many mutations occur as a bacterium responds to changes in its environment.  Explain how such mutations can contribute to an organism’s survival.

3. Energy transfer.  Energy released by the hydrolysis of ATP is used by cells in DNA synthesis, transcription, and translation.  Explain.

4. Continuity and change.  How does the organization of genetic information within a eukaryotic chromosome contribute to both continuity of and variability in the genetic information?

5. Interdependence in nature.  Although the exact mechanism between prokaryotic and eukaryotic DNA replication may be different, how are they similar? 

6. Relationship of structure to function.  The complementary nature of the two DNA strands explains replication.  Explain.

7. STS. Cooperation and competition are both common in science. What roles did these two social behaviors play in Watson and Crick’s discovery of the double helix? How might competition between scientists accelerate progress? How might it slow progress?
Chapter 17, From Gene to Protein:  Genes specify proteins via transcription and translation; Transcription is the DNA-directed synthesis of RNA; Eukaryotic cells modify RNA after transcription; Translation is the RNA-directed synthesis of a polypeptide; RNA plays multiple roles in the cell; Comparing gene expression in prokaryotes and eukaryotes reveals key differences; Point mutations can affect protein structure and function


Questions you should be able to answer:
1. Explain Beadle and Tatum’s experiment and the contribution they made to our understanding of the control of metabolism.

2. Distinguish between “one gene-one enzyme” hypothesis and “one gene-one polypeptide” hypothesis.

3. Explain how information flows from gene to protein.

4. Distinguish between transcription and translation.

5. Explain the process of transcription and include the three major steps of initiation, elongation, and termination in your discussion.

6. Describe the process of translation including initiation, elongation, and termination.

Major themes addressed in the chapter:

1. Science as a process. Beadle and Tatum initially hypothesized a one gene-one enzyme hypothesis for their explanation of arginine synthesis when working with bread mold.  Explain how the scientific process expanded this idea into the one gene-one polypeptide hypothesis, and then how science has shown that even this hypothesis isn’t fully correct.

2. Evolution. The genetic code is rich with evolutionary implications. For instance, notice that the 20 amino acids are not randomly scattered; most amino acids are coded for by a similar set of codons. What evolutionary explanations can be given for this pattern?
3. Energy transfer.  Explain the energy transformation involved in the elongation cycle of translation.

4. Continuity and change. Explain what is mean by the phrase, “the genetic code is universal.”  

5. Interdependence in nature.  The genetic code is universal and the processes by which prokaryotes and eukaryotes make protein is similar.  What are the key differences?

6. Relationship of structure to function.  How is the structure of DNA well suited for its function?  What problems arise from its structure?  

7. STS. Our civilization generates many potentially mutagenic chemicals (pesticides, for example) and modifies the environment in ways that increase exposure to other mutagens, notably UV radiation. What role should government play in identifying mutagens and regulating their release to the environment? 

Chapter 18, The Genetics of Viruses and Bacteria:  A virus has a genome but can reproduce only within a host cell; Viruses, viroids and prions are formidable pathogens in animals and plants; Rapid reproduction, mutation, and genetic recombination contribute to the genetic diversity of bacteria; Individual bacteria respond to environmental change by regulating their gene expression.

Questions you should be able to answer:

1. List and describe the structural components of viruses.

2. Distinguish between the lytic and lysogenic reproductive cycles using phage T4 and phage  as examples.

3. List some characteristics that viruses share with living organisms and explain why viruses do not fit our usual definition of life.

4. Describe the structure of a bacterial chromosome.

5. List and describe the three natural processes of genetic recombination in bacteria.

6. Explain transduction.

7. Explain how bacterial conjugation differs from sexual reproduction in eukaryotic organisms.

8. Explain transformation.

9. Explain how transposons can generate genetic diversity.

10. Describe two main strategies cells use to control metabolism.

11. Using the trp operon as an example, explain the concept of an operon and the function of the operator, repressor and corepressor.

12. Distinguish between structural and regulatory genes.

13. Describe how the lac operon functions and explain the role of the inducer allolactose.

14. Explain how repressible and inducible enzymes differ and how these differences reflect differences in the pathways they control.

15. Distinguish between positive and negative control, and give examples of each from the lac operon.

Major themes addressed in the chapter:

1. Science as a process.  Describe the process by which scientists discovered viruses.

2. Evolution. The success of some viruses lies in their ability to evolve within the host. Such a virus evades the host’s defenses by rapidly mutating and producing many altered progeny viruses before the body can mount an attack. Thus, the viruses present late in infection differ from those that initially infected the body. Discuss this as an example of evolution in microcosm. Which viral lineages tend to survive?
3. Energy transfer.  How do control mechanisms such as the operon help an organism conserve energy? 

4. Relationship of structure to function.  How do the structural features of viruses and bacteria contribute to their survival? 

5. Regulation.  Regulatory mechanisms switch genes on and off in response to environmental cues.

6. STS.  Explain how the excessive or inappropriate use of antibiotics poses a health hazard for a human population.
Chapter 19, Eukaryotic Genomes:  Organization, Regulation, and Evolution:  Chromatin structure is based on successive levels of DNA packing; Gene expression can be regulation at any stage, but the key step is transcription; Cancer results from genetic changes that affect cell cycle control; Eukaryotic genomes can have many noncoding DNA sequences in addition to genes; Duplications, rearrangements, and mutations of DNA contribute to genome evolution.

Questions you should be able to answer:

1. Explain how histones influence folding in eukaryotic DNA.

2. Distinguish between heterochromatin and euchromatin.

3. What are some similarities and differences between prokaryotic and eukaryotic genomes?

4. Describe at what level gene expression is generally controlled.

5. Explain how DNA methylation and histone acetylation affect chromatin structure and the regulation of transcription.

6. Explain the role that promoters, enhancers, activators, and repressors may play in transcriptional control.

7. Explain how gene expression may be controlled at the translational and post-translational level.

8. Describe the structure and functions of the portions of eukaryotic DNA that do not encode protein or RNA.

9. Distinguish between transposons and retrotransposons.

10. Using -globin and -globin genes as examples, describe how multigene families of nonidentical genes may have evolved.

Major themes addressed in the chapter:

1. Science as a process.  Explain the importance of Barbara McClintock’s experiments.

2. Evolution.  How do transposable elements contribute to genome evolution?

3. Continuity and change.  Ideally, cells duplicate their genome and divide them in the process of cell division.  This process gives rise to a new cell with the exact same genetic components (ideally) as the parent cell.  Explain how duplications, rearrangements, and mutations of DNA have contributed to the evolution of genomes.

4. Interdependence in nature.  How have changes in DNA contributed to the diversification of all organisms in nature?

5. Relationship of structure to function.  Regulatory mechanisms switch genes on and off in response to environmental cues.

6. Regulation.  Gene expression can be regulated at any stage, but the key step is at transcription.  Explain.  

7. STS.  Advances in cancer research depend on progress in our basic understanding of how cells work. 
Chapter 20, DNA Technology and Genomics:  DNA cloning permits production of multiple copies of a specific gene or other DNA segment; Restriction fragment analysis detects DNA differences that affect restriction sites; Entire genomes can be mapped at the DNA level; Genome sequences provide clues to important biological questions; The practical applications of DNA technology affect out lives in many ways.

Questions you should be able to answer:

1. Explain how advances in recombinant DNA technology have helped scientists study the eukaryotic genome.

2. What are some current recombinant technologies?

3. Describe the natural function of restriction enzymes

4. Describe how restriction enzymes and gel electrophoresis are used to isolate DNA fragments.

5. Explain how the creation of sticky ends by restriction enzymes is useful in producing a recombinant DNA molecule.

6. Explain how vectors are used in DNA technology.

7. List and describe two major sources of genes for cloning.

8. Outline the Sanger method for DNA sequencing.

9. Describe how bacteria can be induced to produce eukaryotic gene products.

10. Describe some practical applications of recombinant DNA technology in biological research.

11. Explain what an RFLP is.

12. Describe and explain PCR.

13. What are some practical applications of DNA technology?

Major themes addressed in the chapter:

1. Science as a process.  Biotechnology has provided new treatments for various genetic diseases, developed crops with better yields, and provided solutions for environmental problems.

2. Evolution.  Explain how the analysis and comparison of genomes of different species can help us to determine the relatedness of various organisms.

3. Regulation.  What are some mechanisms by which gene expression is regulated in prokaryotes and eukaryotes?

4. STS.  What legal and ethical problems may arise from the applications of DNA technology?

Chapter 21, The Genetic Basis of Development:  Embryonic development involves cell division, cell differentiation and morphogenesis; Different cell types results from different gene expression in cells with the same DNA; Pattern formation in animals and plants from similar genetic and cellular mechanisms; Comparative studies help explain how evolution of development leads to morphological diversity

Questions you should be able to answer:

1. Distinguish between the patterns of morphogenesis in plants and in animals.

2. Describe the characteristics of stem cells.  Explain their significance to medicine.

3. Distinguish between determination and differentiation.  Explain why determination precedes differentiation.

4. Describe the molecular basis of determination.

5. Describe the two sources of information that instruct a cell to express genes at the appropriate time.

6. Describe how the homeotic genes define the anatomical identity of the segments of a developing organism.

7. Describe apoptosis and explain how it functions in normal and abnormal development.

8. Provide evidence of the conservation of homeobox patterns. 

Major themes addressed in the chapter:

1. Science as a process.  List some organisms scientists use to study development.  Why are they useful?

2. Evolution. If DNA–based technologies become widely used, how might they change the way evolution proceeds, as compared with the natural evolutionary mechanisms of the past 4 billion years?   

3. Relationship of structure to function. 

4. Regulation.  Explain how the transcription of gene expression is controlled during development and why this is important. 

5. STS. Is there danger of discrimination based on testing for “harmful” genes? What policies can you suggest that would prevent such abuses?
