IB 150 Merit Activity-Genes, Mutations and Sexual Reproduction

Learning Objectives

After completing this activity you should be able to:

1. Understand the basic components needed to build DNA and RNA molecules.

2. Explain how organisms pass on their DNA.

3. Explain what is meant by “errors” in DNA.

4. Explain how differences in DNA can lead to different gene products

5. Explain the process of gene expression (going from gene to gene product)

6. Explain how the mutation, meiosis, & sexual reproduction contribute to genetic variation in a population.

7.  Understand that while some mutations can cause disorders, other mutations can be neutral or advantageous.

Part One

1.  Draw out a single DNA and RNA nucleotide.

2. List the similarities and differences between a DNA molecule and RNA molecule.

Part Two:  Central Dogma and how mutations create new alleles.

Background info: The Hex A gene is located on human chromosome 15.  The normal Hex A gene produce an enzyme as the gene product.  The enzyme produced is called Beta-hexosaminidase A is found in the lysosomes of cells. Lysosomes degrade large molecules into smaller monomers that the cell can use. When beta-hexosaminidases are mutated some of the biggest problems can be seen in the neuronal lysosomes which affect the nervous system. These changes have drastic effects that appear as symptoms of diseases such as Tay-Sachs.
You and your group will be given a kit to work through the process of going from DNA to gene product.  You will be given a segment of the Hex A gene (pink DNA strand #1) which you will transcribe and translate into part of the polypeptide chain that would make up the enzyme, Beta-hexosaminidase A.  Please make sure to use the erasable marker in your kit when writing on the model parts.

1. Using the model, demonstrate to how DNA produces a protein.

TA notes:

Sense Strand #1 C-G-T-A-A-T-C-T-C-A-T-A-G-C-T

Codons

GCA-----UUA------GAG------UAU------CGA

Anti-Codons

GGU-----AAU-----CUC-----AUA-----GCU

Amino Acids

Ala-----Leu-----Glu----Tyr-----Arg

2.  What is the final sequence of amino acids?

3.   A single point mutation (substitution) occurred changing the second T from the 5’ end to a C.

How will this change the protein? Will it function the same?  Explain.  Show the final amino acid sequence when answering the question.

4.  A sequence of six nucleotides (GGCTTA) was inserted after the second T from the 5’ end.   Solve this on paper, not using the model.  How will the amino acid sequence change due to the insertion mutation?  Will this change the function of the protein?  Why or why not?

5.  After the mutations in 3 and 4, would it still be considered the Hex A gene?  Why or why not?

TAs can use this time to introduce the concept of alleles.
Please put clean off the protein synthesis model and put away before starting with part three.

Part Three-Passing on the DNA-Meiosis and Sexual reproduction

You will be given a bag of “chromosomes” and “genes” of your human.  Your bag will contain one autosomal pair and one sex pair of chromosomes.  Your human will have the following genes (genotype will vary among individuals)

TA note: students may need to look up the meaning of autosomal, sex chromosomes, dominant, recessive, linkage.
1. HexA gene (HEXA (dominant) or hexa (recessive) located on chromosome 15


HEXA makes the functional enzyme Beta-hexosaminidase A, hexa produces a non-functioning enzyme which leads to Tay-Sachs disease if homozygous recessive.
2.  Eye color gene (B=dominant brown b= recessive blue)

3.  Color Blindness.   X-linked gene  H=normal vision & dominant  h-color blind- recessive

1. Using the genes and chromosomes in the bag, show your TA what the chromosomes would look like in a cell of person in G1 of the cell cycle.

2. After your TA has given you the OK, use your chromosomes to model meiosis, making sure show how the chromosome move.  After you are certain everyone in your group understand the process, demonstrate the process to your TA.

Some students will get stuck because they will skip S phase and not replicate the chromosomes.  If they do, ask guiding questions until they figure it out.
3. What are the genotypes of your four gametes at the end of meiosis?  Are those the only gametic combinations possible?  Why or why not?  If more are possible, list the other possible genotypes.
4. If everyone has completed meiosis correctly each member of the group should have a gamete (a couple of students may have to share if class is larger than 20).  Take your gamete and go find a mate.  Determine the genotype and phenotype of your child and write it on the board.

5. How has the genotypic and phenotypic frequency changed of the “population” after meiosis and sexual reproduction?  (Ask your TA for original frequency).   If so, how did this happen?
TA notes: discuss crossing over (genetic recombination), independent assortment of chromosomes into gametes, & sexual reproduction
6.  Are all mutations “bad”?  Discuss with your group making sure to justify your answer.
TA notes: Make sure class understands all learning objectives before they leave class.

