Name:____________________________


Title of lesson: DNA Transcription and Translation
Authors’ Names: Melissa Williams & Rachel Shapiro
Teaching Date and Time: February 8th, 2010 at 12:50PM
Length of Lesson: 50 minutes
Grade/Topic: 6th grade/ genetics
Source of the lesson: Melissa Williams & Rachel Shapiro, and some ideas from Life Science, Florida Edition, pg. 133-148, published by McDougal Littel.
Appropriateness for Middle School Students:


Students will be presented the material through different media via visual aids, auditory, and hands-on demonstrations. Students will work in groups to investigate the process of DNA transcription and translation through hands-on mock assembly. Our material matches the material given to the students in their textbooks along with some elaboration so there is consistency and to allow the students a reference they have at their disposal.

Concepts

DNA is composed of four nucleotides; adenine (A), cytosine (C), thymine (T), and guanine (G). RNA is also composed of four nucleotides; however, instead of thymine, RNA uses uracil (U). These nucleotides pair up and fit together in a lock-and-key arrangement (like puzzle pieces). A always pairs with T (or in the case of RNA, with U) and C always pairs with G. When it comes to protein synthesis, a set of three bases will determine one specific amino acid, while a different set of three bases will determine a different amino acid. These sets of three bases are called codons. 
The process of protein synthesis involves two stages; transcription and translation. With transcription, RNA base pairs will match up to a sequence of DNA. This resulting strand of RNA is called messenger RNA (mRNA). A ribosome attaches to the mRNA at the beginning of the coding region. Then the ribosome matches transfer RNA (tRNA) with the mRNA in a complimentary triplet. These complimentary triplets carry a specific amino acid. When correctly matched, the ribosome bonds the amino acids together as it works its way down the mRNA. The resulting strand of amino acids is a protein.

(Above sourced from: Life Science, Florida Edition, pg. 133-148, published by McDougal Little)

There are many different ways in which mutations can occur. A mutation can happen when one base pair changes to another. A mutation can happen when a nucleotide is added or deleted from the DNA sequence. (Indels) A mutation can happen when a particular sequence of DNA is duplicated and reinserted somewhere else in the genetic code (Duplication). A mutation can happen when a piece of a chromosome breaks off and fuses with another chromosome (Translocation). These sometimes have no effect, because some amino acids have more than one triplet associated with them. Sometimes they can be harmful, causing a severely weakened immune system, or even death. Sometimes they can be helpful, causing higher resistance to disease.

(Above sourced from: lecture presented by Charles Baer for PCB4674 (Evolution) at the University of Florida.)  January 13, 2010.
Performance Objectives
Students will be able to: 
1. Identify the steps taken during protein synthesis in the body.
2. Identify which base is found only in RNA.
3. Identify the two types of RNA that are used in protein synthesis and briefly explain what each of them does.
Florida State Standards:

	Science Process
	

	Benchmark Number
	SC.7.L.16.1

	Benchmark Description
	Understand and explain that every organism requires a set of instructions that specifies its traits, that this hereditary information (DNA) contains genes located in the chromosomes of each cell, and that heredity is the passage of these instructions from one generation to another.

	Subject Area
	Science

	Grade Level
	7

	BODY OF KNOWLEDGE
	Life Science

	Big Idea
	heredity and reproduction -

A: reproduction is characteristic of living things and is essential for the survival of species.

B: genetic information is passed from generation to generation by dna; dna controls the traits of an organism.

C: Changes in the dna of an organism can cause changes in traits, and manipulation of dna in organisms has led to genetically modified organisms.

	
	

	Science Process
	

	Benchmark Number
	SC.7.L.15.2

	Benchmark Description
	Explore the scientific theory of evolution by recognizing and explaining ways in which genetic variation and environmental factors contribute to evolution by natural selection and diversity of organisms.

	Subject Area
	Science

	Grade Level
	7

	BODY OF KNOWLEDGE
	Life Science

	Big Idea
	A: diversity and evolution of Living theory of evolution is the organizing principle of life science.

B: The scientific theory of evolution is supported by multiple forms of evidence.

C: natural selection is a primary mechanism leading to change over time in organisms.


Materials List:

Construction Paper:

1. Base pairs (including RNA base pairs, DNA base pairs, and fake base pairs)


# of total bases:  A-19   U-12   C-14   G-18   T-8   D-5   F-5

2. DNA template: AGA  ATG  GCT  GAA  CAG  TGA  TCG

3. Amino acids  (2 of each per group):  start/methionine  Alanine  Glutamic Acid   Glutamine   STOP
      Extras:  Arginine   Serine   Tyrosine   Leucine   Valine   Threonine
4. Large white paper  2’x 1’
5. Key for front of classroom  (on the powerpoint)

Small plastic containers for materials (1 per group)


Glue sticks (1-2 per group)


Name tags


Handouts:


Pre-quiz (Second to last page labeled “what do you know?”)



Post-quiz (Last page labeled “what did you learn?”)
Advance Preparations


The amino acids and base pairs must be constructed, approximately one inch by one inch in matching fitted shapes and sorted into the proper number of groups by the teacher before going to the classroom. The pre-quiz should be sitting on the students’ desks when they arrive. The students will be asked to take a few minutes to try to answer all of the questions as they arrive. The powerpoint needs to be ready to show when the students arrive.

Safety

The students must be told to use the glue only on the paper; not themselves or others. Other than that, the only safety concern is paper cuts.
	Engagement
	Time: 5 minutes

	What the Teacher Will Do
	Probing Questions
	Student Responses and Potential Misconceptions

	Show Bill Nye video on genes in the powerpoint.
	What words in the video stood out to you?

(Continue to elaborate on their responses to lead them in the right direction to present our lesson.)
	[Genes, base pairs, DNA, Adenine, Cytosine, Thymine, Guanine]


	Exploration
	Time: 20 minutes

	What the Teacher Will Do
	Probing Questions
	Student Responses and Potential Misconceptions

	Explain how they will be doing the activity.

Separate the kids into groups by having them count off.
	
	

	ACTIVITY:

A DNA template will be provided for each group.

An abundance of RNA base pairs will be provided, including false base pairs to test the real understanding of the students.

Students will be instructed to match up the pairs and glue them down onto the white background construction paper.

Students need to glue both the mRNA and tRNA strands to the paper.
Students will match sets of three base pairs in the tRNA with the correct amino acid, using the chart provided on the powerpoint at the front of the room.
Teachers note: Extra base pairs will be provided, as well as fake base pairs to more fully round their understanding.
	What is the first step to accomplish in this activity.
What would be the following step?

After gluing down the mRNA, what would be your next step in the activity?

Where will you look to find which amino acid to use?

When you are finished what should you do?
	Match the mRNA with the DNA template provided.
Glue down the mRNA.

Match the tRNA to the mRNA sequence created and glue them down.

The genetic code will be located on the powerpoint at the front of the room.

Check over your answers and please wait quietly for everyone to finish.


	Explanation
	Time: 10 minutes

	What the Teacher Will Do
	Probing Questions
	Student Responses and Potential Misconceptions

	Have a group volunteer to share their answers with the class.

Put up the key for the activity and walk through it to make sure that the students have the correct nucleotides and amino acids on their paper.
	Did anyone have anything different?
(If there is a difference, ask which group has the correct sequence and why?)
	No
If yes…

Students will explain:

Match proteins with tRNA not mRNA

D and F are not base pairs

A always matches with U

G always matches with C

T is only in DNA and matches with A

	If any group made mistakes, show how that changed the rest of the process.
Example: If one group used the wrong nucleotide in the tRNA, but it still resulted in the same amino acid, point out that sometimes a change in the nucleotide doesn’t make much of a difference.

Example: If one group used the wrong nucleotide at any point and it resulted in a change of the amino acid, ask the student to describe how much of an effect this will have.

Explain that this can change the shape of the resulting protein, which can change its function.
	What would happen if we changed this C into a G?

(Does the amino acid change?)

How does that affect each successive step?

Is this a large change?
	[The amino acid changes/stays the same.] (This depends on which part of the DNA sequence is pointed out.)

[The mRNA was changed, so then the tRNA is changed. The amino acid may or may not change. (This depends on which part of the DNA sequence is pointed out.)

[Yes or no]. (This depends on which part of the DNA sequence is pointed out.)

	If there weren’t any mistakes, pose the above as hypothetical questions.
	
	

	Show short video from online Mastering Biology which illustrates the process the students just completed with the activity.
	
	


	Elaboration
	Time: 10 minutes

	What the Teacher Will Do
	Probing Questions
	Student Responses and Potential Misconceptions

	Explain that mistakes in any of the stages from DNA to protein, or during DNA replication can cause mutations.
	These mistakes are called ________.

Are mutations beneficial or harmful?
	[mutations]

[answers will vary; elaborate on this with the next section]

	Certain mutations cause diseases, which are sometimes helpful.

Example: Cystic Fibrosis is caused by a mutation in a gene which helps create mucus, digestive juices, and sweat.

Example: Sickle Cell anemia is a mutation which causes red blood cells to be sickle (or crescent) shaped. These sickle shaped cells cannot carry oxygen to the cells in the body as well as normally shaped red blood cells. However, if some of the red blood cells are sickle shaped, the person will be less likely to contract malaria. This happens with heterozygotes.

Example: Albinism is a genetic disorder where melanin cannot be manufactured in the body.
	Does anyone know what cystic fibrosis is? What is it?

Is cystic fibrosis harmful? Or can it be beneficial?

Does anyone know what Sickle Cell anemia is? What is it?

Is it harmful? Or can it be helpful? (If helpful, ask to explain.)

Do you know what a heterozygote is?

Does anyone know what albinism is?
	[Yes; it’s a mutation/disease which causes mucus buildup in the lungs and the digestive tract.]

[Harmful.] (They may add that people with cystic fibrosis die young.)

[Yes; it’s a mutation/disease where the red blood cells are sickle shaped.]

[It is helpful sometimes. Some people can have normal red blood cells and sickle shaped red blood cells, and they’re less likely to get malaria.] (Harmful is an acceptable response. The teacher will explain how it can be helpful.)

[Yes; someone who is a heterozygote has a different copy of a gene from each parent.]

[Yes; it’s a genetic disorder where a person cannot produce melanin.]


	Evaluation
	Time: 5 minutes

	What the Teacher Will Do
	Probing Questions
	Student Responses and Potential Misconceptions

	At the beginning of class, a pre-test will be passed out. (Following page titled: What do you know?)
	1. What is the shape of DNA?

A. straight

B. double helix

C. Single helix

D. circular

2. Genes are sequences of DNA, which are made up of:

A. Nucleotides

B. Chromosomes

C. Phosphates

D. Ribosomes

3. True or false. The body takes these steps during protein synthesis.

DNA ( Transcription ( RNA ( Translation ( Protein

4.  True or false: Obesity is an example of a mutation.
	Pre-test answer key:
1.  B. It is in the shape of a double helix.

2. A. Nucleotides
3.  True

4. False.

	At the end of class, a post-test will be distributed. (Following page titled: What did you learn?)
	1.  Put the following steps taken during protein synthesis into the correct order. 
a. Translation  b.  RNA  c.  Protein  d. Transcription e.  DNA
2.  Which base is found only in RNA?

A. thymine



B. guanine 

C. adenine



D. uracil

3.  Given this segment of DNA, please construct the corresponding mRNA and tRNA segments, using your knowledge of stop and start codons. Label your start and stop codons in your mRNA sequence.  Use the chart up front to name corresponding amino acids.

GAAATGCCCTAAGTA
4.  Identify the two types of RNA we discussed that are used in protein synthesis and explain what each of them does.

5.  True or False.  All mutations are bad.  If true, list two examples of exclusively harmful mutations and if false list an example of a harmful mutation and a helpful mutation.
	Post test answer key:
1.  DNA ( Transcription ( RNA    ( Translation  ( Protein

2.  D. uracil

3.  DNA: 

GAAATGCCCTAAGTA
     mRNA:

CUUUACGGGAUUCAU        
          Start          Stop

     tRNA:

GAAAUGCCCUAAGUA
     Amino acid:

(glutamic acid) (start/methionine) (proline) (STOP) (valine)
4.  mRNA: blueprint of proteins, correlates with DNA and is the code for protein.

     tRNA:  does the translation of bases to amino acids when it matches up with mRNA.

5.  FALSE.

Harmful mutation:   

Cystic Fibrosis is caused by a mutation in a gene which helps create mucus, digestive juices, and sweat. 

Albinism can be bad for wildlife because it can make them stand out easier and become an easier prey target.  Humans can sunburn easier and have difficulty with their vision.

Helpful Mutation and Harmful Mutation:  Sickle Cell anemia is a mutation which causes red blood cells to be sickle (or crescent) shaped. These sickle shaped cells cannot carry oxygen to the cells in the body as well as normally shaped red blood cells. However, if some of the red blood cells are sickle shaped, the person will be less likely to contract malaria. This happens with heterozygotes.


What do you know?
1. What is the shape of DNA? (circle the correct response)
A. straight    
 B. double helix     
C. Single helix     
D. circular

2. Genes are sequences of DNA, which are made up of ___________. (Circle the correct response.)

A. Nucleotides   
B. Chromosomes      
C. Phosphates
D. Ribosomes

3. True or false. The body takes these steps during protein synthesis:
DNA ( Transcription ( RNA ( Translation ( Protein

__________________________________________________________________
4.  True or false: Obesity is an example of a mutation.
______________________________________________________________________________

What did you learn?
1.  Put the following steps taken during protein synthesis into the correct order. 
a. Translation  b.  RNA  c.  Protein  d. Transcription e.  DNA
2. Which base is found only in RNA? (Circle the correct response.)

A. thymine
B. guanine 

C. adenine

D. uracil
3. Given this segment of DNA, please construct the corresponding mRNA and tRNA segments, using your knowledge of stop and start codons. Label your start and stop codons in your mRNA sequence.  Use the chart at the front of the class to name corresponding amino acids.

G     A     A      A      T      G     C     C     C      T      A      A      G      T      A
________________________________________________________________

________________________________________________________________

________________________________________________________________

________________________________________________________________

4. Identify the two types of RNA we discussed in class that are used in protein synthesis and briefly explain what each of them does.
_________________________________________________________________
_________________________________________________________________
_________________________________________________________________
_________________________________________________________________

5. True or False.  All mutations are bad.  If true, list two examples of exclusively harmful mutations and if false list an example of a harmful mutation and a helpful mutation.
_________________________________________________________________
_________________________________________________________________
_________________________________________________________________
