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List of Materials Needed:

Exploration:

Each group will need the following:

·  Mixing bowl

· Spoon

· Southwestern Dip Recipe this is a handout, each student will have a mutated recipe, but with a single change from other groups. The name of the mutation for each recipe is at the bottom of each recipe.  The recipes are included.
· 2 bowls
· As indicated in recipe…

· Parsley flakes

· Minced onion

· Chili powder

· Dried chives

· Ground cumin

· Salt

· Sour cream will need to be refrigerated prior to class
· mayonnaise will need to be refrigerated prior to class
· Tortilla Chips
· Marker
Each student will need the following:

·  Paper plate

· Water to drink
Authentic Assessment:

· Internet access with printer

· Library resources

· Poster board

· Markers

· Glue

· Construction paper

Activity Time Frame:
This activity may take approximately three, 50-minute sessions.

Environmental Settings:
This activity will be conducted in a typical classroom and the library.  There is a revised worksheet to meet the needs of special needs students.
Pass Standards:

Science Processes and Inquiry:  Biology


Process Standard 4:  Interpret and Communicate



2.  Report Data in an appropriate manner.

5.  Evaluate experimental data to draw the most logical conclusion.

7.  Communicate or defend scientific thinking that results in conclusions.


Process Standard 5:  Model
1.  Interpret a biological model which explains a given set of observations.

2. Select predications based on models.

3. Compare a given model to the living world.

Process Standard 6:  Inquiry

4.  Inquiries should lead to the formulation of explanations or models.  In answering questions students should engage in discussions and arguments that encourage the revision of their explanations, leading to further inquiry.

Content Standard:  Biology


Standard 1:  The Cell

1.  Cells are composed of a variety of structures such as the nucleus, cell membrane, cell wall, cytoplasm, ribosomes, mitochondria, and chloroplast.

2. Cells can differentiate and may develop into complex multicellular organism.

Standard 2:  The molecular basis of heredity

1.  Cells function according to the information contained in the master code of DNA

Lesson Objective:
·  Identify the main DNA sequence mutations.
· Demonstrate understanding that these mutations change genotype.

· Demonstrate understanding that these mutations change proteins made.

· Demonstrate understanding that changed proteins MAY change phenotype.

Vocabulary Terms: 
Mutation - Changes that occur to the order of bases appearing in the DNA inside a cell.
Point mutation - A mutation resulting from a change in a single base pair in the DNA molecule, caused by the substitution of one nucleotide for another.
Frame Shift - An alteration of DNA where insertion or deletion of sequence occurs that is not a multiple of three base pairs, thus disrupting the gene/protein normal code.
Deletion mutation – when a nucleobase is missing from a DNA sequence causing a frame shift.
Insertion mutation - when a nucleobase is added to a DNA sequence causing a frame shift.
Inversion mutation – an entire section of DNA is reversed.
Inherited mutation – A gene change in the body's reproductive cells (egg or sperm) that become incorporated into the DNA of every cell in the body of offspring; inherited mutations are passed on from parents to offspring. Also called hereditary mutation.
Genotype - The gene constitution of an individual (compare to phenotype, which is the observed characteristic into which a gene is translated).
Phenotype - The observed characteristics of an individual that are the result of genes and environmental influences.
Background Knowledge:

Subtle variations in DNA are called polymorphisms (literally "many forms"). Many of these gene polymorphisms account for slight differences between people such as hair and eye color. But some gene variations may result in disease or an increased risk for disease. Although all polymorphisms are the result of a mutation in the gene, geneticists only refer to a change as a mutation when it is not part of the normal variations between people.

Everyone acquires some changes to their DNA during the course of their lives. These changes occur in a number of ways. Sometimes there are simple copying errors that are introduced when DNA replicates itself. (Every time a cell divides, its entire DNA is duplicated so that each of the two resulting cells has a full set of DNA.) Other changes are introduced as a result of DNA damage through environmental agents including sunlight, cigarette smoke, and radiation. Our cells have built in mechanisms that catch and repair most of the changes that occur during DNA replication or from environmental damage. As we age, however, our DNA repair does not work as effectively and we accumulate changes in our DNA.

Some of these changes occur in cells of the body — such as in skin cells as a result of sun exposure — but are not passed on to children. Other errors can occur in the DNA of cells that produce the eggs and sperm. These are called inherited mutations and can be passed from parent to child. If a child inherits a inherited mutation from their parents, every cell in their body will have this error in their DNA.

TYPES of MUTATIONS

A gene is essentially a sentence made up of the bases A, T, G, and C that describes how to make a protein. Any changes to those instructions can alter the gene's meaning and change the protein that is made, or how or when a cell makes that protein. There are many different ways to alter a gene, just as there are many different ways to introduce typos into a sentence. In the following examples of some types of mutations, we use the sentence "The fat cat ate the wee rat" as a sample gene:

Point Mutation
A point mutation is a simple change in one base of the gene sequence. This is equivalent to changing one letter in a sentence, such as this example, where we change the 'c' in cat to an 'h': 

	Original
	The fat cat ate the wee rat.

	Point Mutation
	The fat hat ate the wee rat.


Frame-shift mutation
Frame-shift mutations. In a frame shift mutation, one or more bases are inserted or deleted, the equivalent of adding or removing letters in a sentence. But because our cells read DNA in three letter "words", adding or removing one letter changes each subsequent word. This type of mutation can make the DNA meaningless and often results in a shortened protein. An example of a frame-shift mutation using our sample sentence is when the’t’ from cat is removed, but we keep the original letter spacing:

	Original
	The fat cat ate the wee rat.

	Frame Shift
	The fat caa tet hew eer at.


Deletion
Mutations that result in missing DNA are called deletions. These can be small, such as the removal of just one "word," or longer deletions that affect a large number of genes on the chromosome. Deletions can also cause frame shift mutations. In this example, the deletion eliminated the word cat.

	Original
	The fat cat ate the wee rat.

	Deletion
	The fat ate the wee rat.


Insertion 
Mutations that result in the addition of extra DNA are called insertions. Insertions can also cause frame shift mutations, and general result in a nonfunctional protein. 

	Original
	The fat cat ate the wee rat.

	Insertion
	The fat cat xlw ate the wee rat.


Inversion
In an inversion mutation, an entire section of DNA is reversed. A small inversion may involve only a few bases within a gene, while longer inversions involve large regions of a chromosome containing several genes.

	Original
	The fat cat ate the wee rat.

	Insertion
	The fat tar eew eht eta tac.


DNA expression mutation
There are many types of mutations that change not the protein itself but where and how much of a protein is made. These types of changes in DNA can result in proteins being made at the wrong time or in the wrong cell type. Changes can also occur that result in too much or too little of the protein being made. 

Resources:  
http://www.genetichealth.com/G101_Changes_in_DNA.shtml
http://www.foodnetwork.com/food/recipes/recipe/0,,FOOD_9936_35916,00.html
Paula Dean recipe – Southwest Dip
National Institute of General Medical Sciences. National Institutes of Health (1993) "Medicines by Design: The Biological Revolution in Pharmacology" NIH Publication No. 93-474.

 http://www.genetics.edu.au 

http://ghr.nlm.nih.gov/handbook/mutationsanddisorders/mutationscausedisease
http://www.knowledgene.com/public/glossary_content.php3
http://www.wholefamily.com/aboutyourkids/images/cartoon_images/cooking_with_kids_600.jpg
http://www.4showers.com/Store/media/RollingPinRecipeCardHolderMotherhood1.jpghttp://www.chr7.org/project.php
http://www.chr7.org/
http://www.ncbi.nlm.nih.gov/books/bv.fcgi?rid=gnd.section.273
Activity Procedures:

·  Students will make observation about possible genetic changes in their phenotype and make predictions about how changes occur.

· Students will make Southwestern Chip Dip (http://www.foodnetwork.com, Paula Dean) with “mutations” imbedded in the recipe.

· Based on the mutations, students will devise terminology to associate that type of mutation (deletion, insertion, point mutation, and inversion).

· Students will use this terminology and their prior knowledge of protein synthesis using codons to develop concepts of DNA sequence mutations.

· Through discussion and practice, students will make the connection that changes in genotype, make changes in protein, which may make changes in phenotype.

· Students will practice identifying mutations on paper.

· Students will research specific mutations and identify actual phenotypic changes caused by these mutations.  This will occur via internet and library resources.

· Students will present their research data on a poster to their classmates.

Technology Component:
A computer with internet connection will be used.  Microsoft office may be used to make poster presentations.

Engineering Application:  

Reference is made to genetic engineers and one aspect of their position.

Assessment Tools:

Each group will be assigned a poster presentation over a particular mutation and a disorder caused by this mutation.  Students will use their knowledge of mutations to determine what kind of mutation a disorder is caused by.  A rubric of assessment will be used for grading purposes.
	Southwestern Dip 



	
	
	
	
	WET INGREDIENTS:
1/2 cup sour cream 
1/2 cup mayonnaise 

DRY INGREDIENTS: 
1/4 teaspoons salt
3/4 tablespoons dried minced onion
1 tablespoon dried parsley flakes 
3/4 tablespoons chili powder 
1/2 tablespoon ground cumin 


In a medium bowl dry ingredients.
In a large bowl mix wet ingredients and 1 ½ tablespoons of dry ingredients.

Mix until smooth.


	
	
	

	
	
	

	Recipe adapted from:


Episode#: PA0910
Copyright © 2006 Television Food Network, G.P., All Rights Reserved
Recipe courtesy Paula Deen

Wild type

	
	
	

	
	
	

	Southwestern Dip 

WET INGREDIENTS:
1/2 cup sour cream 
1/2 cup mayonnaise 

DRY INGREDIENTS: 
1/4 teaspoons sugar

3/4 tablespoons dried minced onion
1 tablespoon dried parsley flakes 
3/4 tablespoons chili powder 
1/2 tablespoon ground cumin 


In a medium bowl dry ingredients.
In a large bowl mix wet ingredients and 1 ½ tablespoons of dry ingredients.

Mix until smooth.

	
	

	
	
	

	Recipe adapted from:


Episode#: PA0910
Copyright © 2006 Television Food Network, G.P., All Rights Reserved
Recipe courtesy Paula Deen

Point

	Southwestern Dip 


	
	
	
	WET INGREDIENTS:
1/2 cup sour cream 
1/2 cup salt
DRY INGREDIENTS: 
1/4 teaspoons dried minced onion

3/4 tablespoons dried parsley flakes

1 tablespoon chili powder 
3/4 tablespoons ground cumin 
1/2 tablespoon 


In a medium bowl dry ingredients.
In a large bowl mix wet ingredients and 1 ½ tablespoons of dry ingredients.

Mix until smooth.


	
	
	

	
	
	

	Recipe adapted from:


Episode#: PA0910
Copyright © 2006 Television Food Network, G.P., All Rights Reserved
Recipe courtesy Paula Deen

Deletion

	Southwestern Dip 



	
	
	
	
	WET INGREDIENTS:
1/2 cup sour cream 
1/2 cup milk 

DRY INGREDIENTS: 
1/4 teaspoons mayonnaise

3/4 tablespoons salt

1 tablespoon dried minced onion 
3/4 tablespoons dried parsley flakes 
1/2 tablespoon chili powder 
ground cumin
In a medium bowl dry ingredients.
In a large bowl mix wet ingredients and 1 ½ tablespoons of dry ingredients.

Mix until smooth.


	
	
	

	
	
	

	Recipe adapted from:


Episode#: PA0910
Copyright © 2006 Television Food Network, G.P., All Rights Reserved
Recipe courtesy Paula Deen

Insertion

	Southwestern Dip 



	
	
	
	
	WET INGREDIENTS:
1/2 cup dried minced onion 
1/2 cup salt 

DRY INGREDIENTS: 
1/4 teaspoons mayonnaise

3/4 tablespoons sour cream

1 tablespoon dried parsley flakes 
3/4 tablespoons chili powder 
1/2 tablespoon ground cumin 


In a medium bowl dry ingredients.
In a large bowl mix wet ingredients and 1 ½ tablespoons of dry ingredients.

Mix until smooth.


	
	
	

	
	
	

	Recipe adapted from:


Episode#: PA0910
Copyright © 2006 Television Food Network, G.P., All Rights Reserved
Recipe courtesy Paula Deen

Inversion
	BAM! Lesson mutation cheat sheet for teachers
	
	
	

	
	
	
	
	
	

	Mutation
	Phenotypic changes
	Other affects
	Genotypic changes
	How common
	Inherited / Environmental 

	*Cystic fibrosis 
	loss of chloride channel in cells
	too much mucus, lung disease, reproductive & gland problems, 30 yr life span
	Chromosome 7, CFTR gene, C TT deletion
	mostly in northern European white, about 30,000 American, 3000 Canadian, 20,000 Europeans
	inherited/autosomal recessive

	*Hemophilia A
	loss of coagulant factor VIII
	prolonged bleeding/ oozing from injuries,
	F8 gene on X chromosome, inversion
	more in males, 1 in 4000 males
	inherited 

	*Duchenne muscular dystrophy
	dystrophin protein (stabilizes and protects muscle fibers )not made
	progressive muscle weakness and loss in early childhood and fast progression
	DMD gene on X chromosome, deletion
	more in males; 1 in 3,500 to 5,000 newborn males
	inherited

	Kearns-Sayre syndrome
	Deletion of mitochondrial DNA
	Limited eye movement, drooping eyelid, eye pigment accumulation, hearing loss, heart block, impaired movement, diabetes
	Deletion of base pairs between 8469-13147, chromosome?
	
	Inherited 

	Phenylketonuria
	Loss of enzyme phenylalanine hydroxylase
	Mental retardation, organ damage, unusual posture, compromised pregnancy
	Chromosome 12 at PAH gene
	
	Inherited


	Cockayne Syndrome
	Stops DNA transcription repair
	Sensitive to sunlight, short stature, premature aging
	Chromosome 5, gene CSA & CSB
	Very rare
	Inherited & environmental together

	Mutation
	Phenotypic changes
	Other affects
	Genotypic changes
	How common
	Inherited/ Environmental 

	*sickle-cell disease 
	red blood cells change form
	low red blood cell count, mild to severe pain, anemia, shortness of breath, slow growth, fatigue, organ damage, high blood pressure, heart failure
	Chromosome 11, GAG to GUG, point mutation on HBB gene
	1 in 500 African Americans and 1 in 1,000 to 1,400 Hispanic Americans; 72,000 americans overall
	inherited

	*amyotrophic lateral sclerosis 
	Enzyme loss, dysfunction of motor neurons in spinal cord and brain
	Loss of motor control twitching, cramping, stiffness, weakness, speech and swallowing difficulty, breathing problems
	 SOD1 gene Chromosome 21
	4 to 8 per 100,000 individuals world wide
	inherited and environmental

	*Tay-Sachs disease
	Toxic build up of Gm2 ganglioside in lysosyme
	Paralysis, dementia, blindness, early death, neuron dysfunction, psychosis
	HEXA gene on Chromosome 15
	French-Canadian communities of Quebec, the Old Order Amish community in Pennsylvania, and the Cajun population of Louisiana and Jewish communities
	inherited

	Achondroplasia
	Cartilage does not form
	Dwarfism, prominent forehead, flattened nose bridge
	Chromosome 4, FGFR3 gene, point mutation
	
	

	*Hemophilia B (not on NCBI website)
	Loss of coagulant factor IX
	prolonged bleeding from injuries in childhood, but no longer after puberty
	F9 gene on X chromosome, point mutation usually, but can be deletion or insertion
	more in males, 1 in 20,000 newborn males
	inherited


	Mutation
	Phenotypic changes
	Other affects
	Genotypic changes
	How common
	Inherited/ Environmental 

	*UV radiation
	tyrosine forced to link to another tyrosine during replication causing copy problems
	cancer, reduction of psoriasis symptoms
	tyrosine diamer = copy errors
	15-23 per 100,000 for melanoma; 40-50% of all over 65 yrs for non melanoma
	environmental

	*CCR5(not on NCBI website)
	no receptor for macrophage viruses
	HIV resistance
	deletion of 32 base pairs on CCR5 gene, chromosome 3
	??
	??


