Unit 11: Mendelian and Molecular Genetics (includes Biotechnology)

Big Ideas (Core Concepts):

A. DNA in genes codes for the production of proteins.

B. Mutations in the DNA code can lead to dysfunctional proteins -genetic disorders.

C. Cells differ in the genes they express-all genes are not used in all cells.

Standard:  Genetics

1. Draw and label a homologous chromosome pair with heterozygous alleles highlighting a particular gene location.

2. Distinguish between dominant, recessive, co-dominant, polygenic, and sex-linked traits.

3. Explain the genetic basis for Mendel’s laws of segregation and independent assortment.

4. Predict the possible genotypes and phenotypes of monohybrid crosses using a Punnett Square.

5. Discuss how genetic engineering techniques provide great potential and responsibilities.

6. Describe how inserting, deleting, or substituting DNA segments can alter a gene. 

7. Explain how an altered gene may be passed on to every cell that develops from it and that the resulting features may help, harm, or have little of no effect on the offspring’s success in its environment.

Embryos and Differentiation:
8. Predict what would happen if the cells from one part of a developing embryo were transplanted to another part of the embryo.

9. Explain that cellular differentiation results from gene expression and/ or environmental influence (e.g., metamorphosis, nutrition).
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Introduction with Real World Implications:

Organisms closely resemble their parents; their slight variations can accumulate over many generations and result in more obvious differences between organisms and their ancestors.  Recent advances in biochemistry and cell biology have increased understanding of the mechanisms of inheritance and enabled the detection of disease related genes.  Such knowledge is making it possible to design and produce large quantities of substances to treat disease and, in years to come, may lead to cures.

All plants and animals (and one-celled organisms) develop and have the capacity to reproduce.  Reproduction, whether sexual or asexual, is a requirement for the survival of species.  Characteristics of organisms are influenced by heredity and environment.  Genetic differences among individuals and species are fundamentally chemical.  Different organisms are made up of somewhat different proteins.  Reproduction involves passing the DNA with instructions for making these proteins from one generation to the next with occasional modifications.

Laboratory Activities:  Instruments, Measurement, and Representations:

I. Draw and label the various representations of changes in DNA (mutations).

II. Construct visual representations of genetic variation in cells arising from gamete formation and sexual reproduction-inherited traits, mutations.

III. Construct representation of genotype frequency using Punnett squares

IV. Construct representations of basic bioinformatics (DNA fingerprinting, reproductive and therapeutic cloning), and show how they are used..

V. Use a microscope to identify chromosomes.

VI. Use gel electrophoresis as a technique for separating molecules to show differences in their properties (e.g., mass).

VII. Draw a double helix as a representation to include understanding that it is the sequence of nucleotides that gets passed from one generation to the next and that is responsible for DNA functions.

VIII. Sketch graphic results of gel electrophoresis.

IX. Design and perform experiments to study the genetics of Fast Plants or Drosophila to determine observable traits.

X. Research the effects of Genetically Modified Organisms on the environment.  Students work in groups and discuss their findings as a class.  

XI. Use of online DNA databases (such as the Genetic Science Learning Center from the University of Utah (http://learn.genetics.utah.edu)) to link DNA sequence to protein structure and function.  Describe the link you make. 

XII. Students will design and perform a DNA fingerprinting lab or DNA fingerprinting simulation and explain the outcomes they uncover.

XIII. Students will design and perform a pedigree study of family members (or simulation study).

Unit 10: DNA/RNA and Protein Synthesis

Big Idea (Core Concepts):

A. The central dogma of biology states that DNA codes for proteins that are responsible for the production of inherited traits.

B. The processes by which proteins are made from DNA are transcription and translation.

C. DNA must replicate itself faithfully in order to pass all genetic information on to descendent cells, including sex cells.

Standard:  Genetics

1. Explain that the information passed from parents to offspring is transmitted by means of genes that are coded in DNA molecules. These genes contain the information for the production of proteins.

2. Every species has its own characteristic DNA sequence.  Explain.

3. Describe the structure and function of DNA.

4. Predict the consequences that changes in the DNA composition of particular genes may have on an organism (e.g., sickle cell anemia, other).

5. Suggest possible effects (on the genes) of exposing an organism to radiation and toxic chemicals.

6. Describe how the genetic information in DNA molecules provides instructions for assembling protein molecules and that this is virtually the same mechanism for all life forms.

7. Describe the processes of replication, transcription, and translation and how they relate to each other in molecular biology.

8. Explain how mutations in the DNA sequence of a gene may be silent or result in phenotypic change in an organism and in its offspring.
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Introduction with Real World Implications:

The biochemical identity of an organism is determined by its DNA, which is characteristic for each species and sometimes for each individual within that species.  DNA codes, in nucleotides, the directions for making all the protein types required by individuals to express their heredity.  The function of each protein molecule depends on its specific sequence of amino acids and the shape of the molecule.  These proteins are characteristic of each species and many of them, enzymes, in particular, are responsible for allowing individuals to express genetic traits specific to each species.

DNA duplication in cell division involves the copying of all genetic material for descendent cells, whereas the process of gamete formation involves the apportioning of DNA to eggs/sperm with only half the DNA.

The processes of DNA duplication, transcription and translation are very complex, but provide the basis for the central dogma of biology – that in most cases, DNA information is copied onto messenger RNA by the process of transcription and proteins are synthesized using messenger RNA as a template and transfer RNA as delivery molecules that bring the appropriate amino acids to the ribosome for assembly.  This process is called translation.

When errors occur in any of the processes described above, the results may be either positive, negative or neutral on the organism and/or its offspring.  Mutations may result in changes in structure that render the protein non-functional, or they may result in insignificant changes that do no harm to the functioning of the protein and hence its expression in the individual.  There are a number of common diseases that are inherited by offspring of parents who carry faulty genes.  These include:  sickle cell anemia which results in the manufacture of defective hemoglobin by the victim’s red blood cells, phenylketonuria, a disease that results in the inability of a victim’s liver to metabolize a common amino acid and cystic fibrosis, a disorder that causes lung damage in affected people.

Laboratory Activities:  Instruments, Measurement, and Representations:

I. Draw and label a double helix to assist in the understanding that it is the sequence of nucleotides that gets passed from one generation to the next and that is responsible for DNA functions.

II. Draw and label representations of the DNA and messenger RNA coding system for amino acids.  The representation used should include enough detail to assist students’ understanding of a cell goes from DNA to RNA to protein.  

III. Draw and label representations of messenger RNA, transfer RNA and amino acid sequences.

IV. Explain how scientists can show a degree of relatedness between species using DNA sequences

V. Draw and label diagrams of DNA duplication, transcription and translation.

VI. Design and perform an investigation to determine the effects of exposing Wisconsin Fast Plants© to varying amounts of ultraviolet radiation, provided by a light box.  Suggest what will happen when the seeds are planted.  Predict the physical characteristics and reproductive success of these possible mutations.

VII. Research and analyze the levels of everyday radiation emitted by common devices as well as background from solar and other natural sources.  Discuss whether these are realistic hazards to genetic material, and whether it is necessary to protect our DNA from these perils.  Construct a poster presentation to advise classmates of findings.

VIII. Design an organism using short amino acid sequences to stand for specific traits of a fictitious organism.  Show how the DNA sequence codes for messenger RNA sequences that, in turn, code for amino acids.  Draw a picture of your organism and describe your design to a partner.

IX. Play “Codon Bingo” with classmates, using the processes of translation and transcription to code for amino acids.
X. Play a DNA relay game, with students receiving an index card with a three nucleotide DNA sequence that corresponds to one of a group of cards with corresponding messenger RNA sequences that likewise corresponds to a group of cards bearing amino acid names.  Teams will compete to correctly “perform” transcription and translation to win the game.
