SOUTH CAROLINA SUPPORT SYSTEM INSTRUCTIONAL GUIDE

	Content Area
	High School Biology 

	Recommended Days of Instruction:  CP – 12 days / Applied Biology II – 26 days

	Standard(s) addressed: B-4 The student will demonstrate an understanding of the molecular basis of heredity.

	Indicator: Compare DNA and RNA in terms of structure, nucleotides, and base pairs.

	Unit VI - Structure and Function of DNA and RNA Module B-4.1

	Focus

Indicators
	Recommended Resources
	Suggested Instructional Strategies/Activities
	Assessment Guidelines

	B-4.1  
Compare DNA and RNA in terms of structure, nucleotides, and base pairs.


	Compare DNA and RNA in Structural Basis

http://www.dnatube.com/video/1017/Compare-DNA-and-RNA-in-structural-basis (4/23/09)

DNA Structure

http://www.sumanasinc.com/webcontent/animations/content/DNA_structure.html (4/23/09)
Modeling DNA 

http://www.kidsknowit.com/interactive-educational-movies/free-online-movies.php?movie=DNA (4/23/09)


	This is a five minute narrative video comparing DNA and RNA structures, This video can be shown to the class before starting the lesson. 

An animation of the structure of DNA (QuickTime) This video can also be used as an introductory video for structures of DNA and RNA
Modeling DNA -This interactive web site activity summarizes the structure of DNA and RNA. A quiz is included. This activity can be used as closure lesson

	· The objective of this indicator is to compare DNA and RNA in terms of structure, nucleotides and base pairs; therefore, the primary focus of assessment should be to detect similarities and differences between structure of DNA and RNA, the nucleotides that compose DNA and RNA, and the bases that bond to form DNA and RNA.



	Unit VI - Structure and Function of DNA and RNA Module B-4.1

	Focus

Indicators
	Recommended Resources
	Suggested Instructional Strategies/Activities
	Assessment Guidelines

	B-4.1  
Compare DNA and RNA in terms of structure, nucleotides, and base pairs.


	
	Activity B-4.1a – Building RNA and DNA – This is a food models lab which has students building models of DNA.  This lab can be used after class discussion of RNA and DNA structures.
Activity B-4.1b – Comparing DNA and RNA - This activity along with B-4.1c, can be done after the model building lab and the model can help them to answer the questions.
Activity B-4.1c – DNA and RNA – This activity is a structure comparison between DNA and RNA.  This activity can also be used along with B-4.1b

	In addition to compare, assessments may require students to

· recognize the chemical names of the DNA and RNA molecules;

· identify the parts of a nucleotide;

· recognize the names of the 5 bases and the two sugars that compose the nucleotides that make up all nucleic acids;

· interpret an illustration of a nucleotide;

· interpret an illustration of a DNA or an RNA molecule.



	Indicator: B-4.2 Summarize the relationship among DNA, genes, and chromosomes.

	Unit VI - Structure and Function of DNA and RNA Module B-4.2

	Focus

Indicators
	Recommended Resources
	Suggested Instructional Strategies/Activities
	Assessment Guidelines

	B-4.2 
Summarize the relationship among DNA, genes, and chromosomes.


	Comparison of DNA, Chromosomes and Genes 
http://videos.howstuffworks.com/hsw/6020-chromosomes-genes-and-dna-video.html (4/23/09)

Chromosomes, Genes and DNA 

http://www.johnkyrk.com/DNAreplication.html (4/23/09)

	This web site is an animation that summarizes the relationship between DNA, genes and chromosomes. This video can be shown as a preview to the lesson.
Three minute video on genes and chromosomes. This video could also be used as a preview.
Activity B-4.2a – Chromosome Packing - This activity can be used after watching the animations on the two websites to review genes and chromosomes.

Activity B-4.2b – What’s in Common? - This is a writing activity that can be used after reviewing the animations on the two websites.
	· The objective of this indicator is to summarize the relationship among DNA, genes, and chromosomes; therefore, the primary focus of assessment should be to give major points about how DNA, genes and chromosomes are related.
In addition to summarize, assessments may require students to

· recall the basic structure of chromosomes and genes;

· illustrate or interpret an illustration of the relationship of a chromosome, DNA and genes using words or diagrams.




	Indicator: B-4.3 Explain how DNA functions as the code of life and the blueprint for proteins.

	Unit VI - Structure and Function of DNA and RNA Module B-4.3

	Focus

Indicators
	Recommended Resources
	Suggested Instructional Strategies/Activities
	Assessment Guidelines

	B-4.3 
Explain how DNA functions as the code of life and the blueprint for proteins.


	A DNA Replication http://www.wiley.com/college/pratt/0471393878/student/animations/dna_replication/index.html (4/23/09)
DNA Replication Model Animation

http://www.courses.fas.harvard.edu/~biotext/animations/replication1.swf (4/23/09)
DNA Replication Activity

http://www.pbs.org/wgbh/aso/tryit/dna/# (4/23/09)

	This website is an advanced animated illustration of DNA replication. This animation can be shown at the conclusion of the lesson.
This website is an animated illustration of DNA replication. This video can be shown after the concepts have been explained in class.
This website is an animated illustration of DNA replication. (Adobe Shockwave is required)


	· The objective of this indicator is to explain how DNA functions as the code of life and the blueprint for proteins, therefore, the primary focus of assessment should be to construct a cause-and-effect model showing how DNA determines the functional and structural proteins produced in an organism. Assessment should include how the process of DNA replication ensures that the entire DNA code is present in every cell of an organism.
In addition to explain, assessments may require students to

· summarize the role of DNA as the code of life;

· summarize the process of DNA replication;

· infer why organisms that are similar in structure or function often share many of the same proteins and genes.




	Unit VI - Structure and Function of DNA and RNA Module B-4.3

	Focus

Indicators
	Recommended Resources
	Suggested Instructional Strategies/Activities
	Assessment Guidelines

	B-4.3 
Explain how DNA functions as the code of life and the blueprint for proteins.


	
	Activity B-4.3a – The Double Helix - This activity regarding replication of DNA can be used for read-along instruction as a background on DNA has been provided. 


	


	Indicator: B-4.4 Summarize the basic processes involved in protein synthesis (including transcription and translation).

	Unit VI - Structure and Function of DNA and RNA Module B-4.4

	Focus

Indicators
	Recommended Resources
	Suggested Instructional Strategies/Activities
	Assessment Guidelines

	B-4.4 
Summarize the basic processes involved in protein synthesis (including transcription and translation).


	Animation of Transcription 
http://www.johnkyrk.com/DNAtranscription.html (4/23/09)

Animation of Transcription
http://www.stolaf.edu/people/giannini/flashanimat/molgenetics/transcription.swf (4/23/09)

Translation of mRNA into a Protein

http://www.biostudio.com/demo_freeman_protein_synthesis.htm 
Protein Synthesis

http://www.wisc-online.com/objects/index_tj.asp?objID=AP1302 (4/23/09)

Protein Biosynthesis

http://www.abdn.ac.uk/~clt011/flash/samples/protein.swf (4/23/09)


	This is an animated website that shows transcription in a simple format. This video can be used as an introduction to protein synthesis.

This is an animated website that shows transcription in a simple format. This video can be used as an introduction to protein synthesis.

This website illustrates and explains (audio) the role of mRNA in creating a protein molecule.

This website illustrates through pictures and written expressions the process of protein synthesis.

This is an animated website that the students can use as a review of protein synthesis.


	· The objective of this indicator is to summarize the processes involved in protein synthesis; therefore, the primary focus of assessment should be to give major points about the steps in protein synthesis and the roles of each nucleic acid (DNA, mRNA, and tRNA) in the processes of transcription and translation.
In addition to summarize, assessments may require students to

· illustrate or interpret illustrations of the processes of transcription, translation, and protein synthesis;

· compare the processes of transcription and translation;

· sequence the steps of transcription and translation;

· explain the significance of each step to the overall process of protein synthesis.




	Unit VI - Structure and Function of DNA and RNA Module B-4.4

	Focus

Indicators
	Recommended Resources
	Suggested Instructional Strategies/Activities
	Assessment Guidelines

	B-4.4 
Summarize the basic processes involved in protein synthesis (including transcription and translation).


	Transcribe and Translate a Gene

http://learn.genetics.utah.edu/content/begin/dna/transcribe/
Online Game for Protein Synthesis

http://nature.ca/genome/04/041/cell-e.html (4/23/09)


	This is an interactive protein synthesis site for students to use to understand the process. This website can be used as a conclusive activity.

This is a website that students may use for a review of protein synthesis. (Shockwave is required)

Activity B-4.4a – Protein Synthesis (This activity may also be used in B-4.8). In this assessment activity the students will translate different mRNAs and then identify different types of mutations in them.

Activity B-4.4b – Groovy DNA Beads - This activity helps the students pair nitrogenous bases in DNA, as well as transcribe and translate to determine the size of the gene.
Activity B-4.4c – Translation Activity - This is a DNA to protein translation activity that can be used as a final review activity.
	


	Unit VI - Structure and Function of DNA and RNA Module B-4.4

	Focus

Indicators
	Recommended Resources
	Suggested Instructional Strategies/Activities
	Assessment Guidelines

	B-4.4 
Summarize the basic processes involved in protein synthesis (including transcription and translation).


	
	Activity B-4.4d – Bug Lab Project – An activity dealing with the transcription and translation of Drosophila genes. This evaluative activity uses transcription and translation to develop an organism.

Activity B-4.4e – DNA Dry Lab - Includes translation of DNA sequences along with mutations in the sequences.


	


	Indicator: B-4.8 Compare the consequences of mutations in body cells with those in gametes. 

	Unit VI - Structure and Function of DNA and RNA Module B-4.8

	Focus

Indicators
	Recommended Resources
	Suggested Instructional Strategies/Activities
	Assessment Guidelines

	B-4.8
Compare the consequences of mutations in body cells with those in gametes. 

(This is where you teach gene mutations; chromosome mutations are in Unit VII).


	Genes, replication, DNA Mutation
http://www.youtube.com/watch?v=l96PKVfGh-0&feature=related (4/23/09)

U.V. Induced Mutation

http://www.youtube.com/watch?v=UUub7r6_aEA&feature=related  (4/23/09)

Gene Mutation Game

http://nature.ca/genome/04/0413_e.cfm (4/23/09)

	This website shows a video on various types of mutations. This video helps to understand different varieties of mutations. This video can be used as an introduction to the lesson.

This website shows a video on U.V. induced mutations.  

This website has several interactive games for gene mutation. 
Activity B-4.8a - Genetic Mutation - This activity has various DNA and mRNA sequences, which can be mutated to show how mutation affects proteins.

Activity B-4.8b – Venn Diagram – This activity is for comparing mutation in gametes and body cells.

	· The objective of this indicator is to compare the consequences of mutations in body cells with those in gametes, therefore, the primary focus of assessment should be to detect similarities and differences between the mutations that occur in sex cells to those in somatic cells.
In addition to compare, assessments may require students to

· recall the causes of mutations;
· classify mutations as resulting from sex cell or somatic cell alterations;
· classify mutations as genetic or chromosomal;
· exemplify genetic or chromosomal disorders;
· explain the effect that various mutations have on the cell, the organism, and future generations.



	Unit VI - Structure and Function of DNA and RNA Module B-4.8

	Focus

Indicators
	Recommended Resources
	Suggested Instructional Strategies/Activities
	Assessment Guidelines

	B-4.8
Compare the consequences of mutations in body cells with those in gametes. 

(This is where you teach gene mutations; chromosome mutations are in Unit 7).


	
	Activity B-4.8c – Autosomal Disorders in Humans - Another activity that can be used at the end of the lesson.
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Unit VI
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Activities for Indicators
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Activity B-4.1a Building DNA & RNA

Activity B-4.1a - Building RNA and DNA

Objective:  To build a DNA and RNA molecule using common items.

Materials:

(For the edible version) – WARNING: Teacher should be aware of and check for food allergies

· Marshmallows (Handful)

· Notebook Paper (2 sheets)

· Pretzels (Handful)

· Skittles (Handful)

· Twizzlers (2 strips)

 (For the non-edible version)

· Cottonballs (handful)

· 2 sheets notebook paper

· Pipe cleaners - straight (handful)

· Pipe cleaners - contoured (handful)

· Toothpicks  (handful)Methods:

1. DO NOT EAT FOOD UNTIL LAB IS COMPLETE AND PERMISSION IS GIVEN.
Teacher Note: For safety issues: Teachers should be aware of and check for food allergies. 

2. Place one sheet of paper on your desk.  This is your placemat for your food.

3. On the sheet of paper, you will create a model of DNA and RNA using the food items provided.  Your model may be different from other models in the room.

4. Using the materials that you have been given and your book, make a molecule of DNA with 12 base pairs and a molecule of RNA with 12 bases.

5. Show your models to your teacher for credit and answer the questions at the end of this lab.

6. Enjoy eating your models if your teacher permits you to do so.

Activity B-4.1a - Building RNA and DNA cont.

Part II: DNA Model Diagram

Draw a DNA and a RNA Model using the following labels: nucleotide, deoxyribose, ribose, phosphate group, nitrogen base, hydrogen bond, base pair.

Questions:

1. ______, guanine (G), cytosine (C ), and thymine (T ) are the four _______in DNA

2. In DNA, _______ always forms hydrogen bonds with guanine ( G ).

3. The sequence of ______ carries the genetic information of an organism.

4. The process of _____produces a new copy of an organism’s genetic information, which is passed on to a new cell.

5. The double-coiled shape of DNA is called a __________. 

Activity B-4.1a cont. - Building RNA and DNA

Answers

1. Adenine, Nitrogen bases

2. Cytosine

3. Nucleotides/ bases

4. DNA replication

5. Helix

Activity B-4.1b - Comparing DNA and RNA

Complete the table using the correct descriptions:
	DNA
	Categories
	RNA

	
	Structure
	

	
	Type of Sugar
	

	
	Nucleotides
	

	
	Base Pairs
	

	
	Function
	


Activity B-4.1b cont. - Comparing DNA and RNA

Answers

	DNA
	Categories
	RNA

	double - stranded

	Structure
	single – stranded



	Deoxyribose

	Type of Sugar
	Ribose

	Adenine, Guanine, Thymine, 
Cytosine
	Nucleotides
	Adenine, Guanine, Uracil,

Cytosine

	A binds to T

	Base Pairs
	A binds to U

	Hereditary molecule

	Function
	    Involved in protein synthesis




Activity B-4.1c - Comparing DNA and RNA
Part I: DNA Answer each question completely.

1. Give the complementary base sequence of the following DNA strand.
Original strand: T T A C G G T C A C C A A G C G T G

____________________________________________
2. List three characteristics of the DNA molecule.
a. _________________________________________________

b. _________________________________________________ 

c. _________________________________________________ 

3. What is the purpose of DNA in an organism’s body?
____________________________________________________ __________________________________________________ 

4. List the steps of DNA replication.
a. _________________________________________________

b. _________________________________________________

c. _________________________________________________ 

d. _________________________________________________ 
5. Explain how a single DNA molecule produces two identical molecules?
____________________________________________________ ___________________________________________________ 

6. What are the DNA base pairing rules? 

__________________________________________________

7. List three characteristics of the RNA molecule.

a. ___________________________________________

b. ___________________________________________

c. ___________________________________________

8. What are the main forms of RNA?

________________________________________________

9. How does each form of RNA function in the cell?

__________________________________________________________________________________________________________________________

Activity 4.1c cont. - Comparing DNA and RNA

Answers
1. Give the complementary base sequence of the following DNA strand.

Original strand: T T A C G G T C A C C A A G C G T G

____AATGCCAGTGGTTCGCAC______________________________________

2. List three characteristics of the DNA molecule.

1) doublestranded

2) deoxyribose as sugar

3) Thymine as nitrogen base

3. List three characteristics of the RNA molecule.

1) single stranded

2) ribose as sugar

3) Uracil as nitrogen base

4. What is the purpose of DNA in an organism’s body?

The purpose of DNA is to transfer hereditary information from cell to cell

5. List the steps of DNA replication.

a. unwinding of DNA

b. replication leading strand

c. replication of lagging strand

d. telomere addition

6. Explain how a single DNA molecule produces two identical molecules?

You can get a variety of answers , but they should include the name of enzyme involved in DNA replication

7. What are the DNA base pairing rules?

A binds to T and G binds to C

8. What are the main forms of RNA?

Messenger RNA, transfer RNA and ribosomal RNA
9. How does each form of RNA function in the cell?

Messenger RNA –intermediary between DNA code and protein

Transfer RNA – brings in the amino acid to genetic codon on the RNA

Ribosomal RNA – responsible for forming ribosome complex and peptide bond formation

Activity B-4.2a - Chromosome Packing

Review the following information and answer questions 1-5:


A gene is a segment of DNA that codes for a protein or RNA molecule.  A single molecule of DNA has thousands of genes lined up like the cars of a train.  When genes are being used, the strand of DNA is stretched out so that the information it contains can be decoded and used to direct the synthesis of proteins needed by the cell.


As a cell prepares to divide, the DNA and the proteins associated with the DNA coil into a structure called a chromosome.  A chromosome is a delicate structure that is protected in the cell’s nucleus.  A chromosome is made up of DNA that is twisted around histones to keep the delicate structure from breaking, like an extension cord is wrapped to prevent the wires from breaking.  The DNA and histones are then twisted on top of one another into what is known as a coil.  These coils turn about themselves to create a supercoil.  All of the supercoils that are on one strand of continuous DNA make up a chromosome.

Before the DNA coils up, however, it is copied.  The two exact copies of DNA that make up each chromosome are called chromatids / Sister Chromatids / Homologous Chromatids.  The two chromatids will become separated during cell division and placed into a new cell and the old cell.  This ensures that the new cell has the same genetic information as the old cell.  

1. How are genes and DNA related? 

______________________________________________________________________

______________________________________________________________________

2. What occurs to a DNA strand as its genes are being used?

______________________________________________________________________

______________________________________________________________________

3. How are chromatids and chromosomes related?

______________________________________________________________________

______________________________________________________________________

4. Why is it important to replicate DNA?

______________________________________________________________________

______________________________________________________________________

5. Describe how DNA is protected in its coiled form.

__________________________________________________________________________________________________________________________

Activity B-4.2a cont. - Chromosome Packing 

Answers

1. DNA is read in segments that is known as a gene.  There are many genes in a strand of DNA.

2. When genes are being “read / used” the strand of DNA is unwound.

3. A chromatid is a replicated chromosome

4. DNA must replicate so that a copy can be given to a new cell.

5. DNA is twisted into a double helix and continuously wound tighter and tighter.  The DNA is curled around proteins called histones in order to keep from breaking.  
The histones are continuously coiled as well into supercoils.  

Activity B-4.2b - What’s in Common?

Use the following words to write a paragraph showing that you understand the relationship between DNA, genes and chromosomes.  

· Alleles

· Base Pairs

· Cell

· Chromosomes

· Dad

· DNA

· Genes

· Hereditary

· Meiosis

· Mitosis

· Mom

· Nucleotides

· Nucleus

· Traits

____________________________________________________________________________________________________________________________________________________________________________________________________________________________________

____________________________________________________________________________________________________________________________________________________________________________________________________________________________________

____________________________________________________________________________________________________________________________________________________________________________________________________________________________________

____________________________________________________________________________________________________________________________________________________________________________________________________________________________________

Activity B-4.3a - DNA - The Double Helix

Recall that the nucleus is a small spherical, dense body in a cell. It is often called the "control center" because it controls all the activities of the cell including cell reproduction, and heredity. How does it do this? The nucleus controls these activities by the chromosomes. Chromosomes are microscopic, threadlike strands composed of the chemical DNA (short for deoxyribonucleic acid). In simple terms, DNA controls the production of proteins within the cell. These proteins in turn, form the structural units of cells and control all chemical processes within the cell. Chromosomes are composed of genes. A gene is a segment of DNA that codes for a particular protein, which in turn codes for a trait. Hence you hear it commonly referred to as the gene for baldness or the gene for blue eyes. Meanwhile, DNA is the chemical that genes and chromosomes are made of. It stands for deoxyribonucleic acid. DNA is called a nucleic acid because it was first found in the nucleus. We now know that DNA is also found in organelles, the mitochondria and chloroplasts, though it is the DNA in the nucleus that actually controls the cell's workings. 

In 1953, James Watson and Francis Crick established the structure of DNA. The structure is a double helix, which is like a twisted ladder. The sides of the ladder are made of alternating sugar and phosphate molecules. The sugar is deoxyribose. Color all the phosphates pink (one is labeled with a "p"). Color all the deoxyriboses blue (one is labeled with a "D").

The rungs of the ladder are pairs of 4 types of nitrogen bases. Two of the bases are purines - adenine and guanine. The pyrimidines are thymine and cytosine. The bases are known by their coded letters A, G, T, C. These bases always bond in a certain way. Adenine will only bond to thymine. Guanine will only bond with cytosine. This is known as the "Base-Pair Rule". The bases can occur in any order along a strand of DNA. The order of these bases is the code the contains the instructions. For instance ATGCACATA would code for a different gene than AATTACGGA. A strand of DNA contains millions of bases. (For simplicity, the image only contains a few.) Note that the bases attach to the sides of the ladder at the sugars and not the phosphate. 

Color the thymines orange. [image: image1.png]



Color the adenines green. [image: image2.png]



Color the guanines purple. [image: image3.png]



Color the cytosines yellow. [image: image4.png]



The combination of a single base, a deoxyribose sugar, and a phosphate make up a nucleotide. DNA is actually a molecule or repeating nucleotides. The two sides of the DNA ladder are held together loosely by hydrogen bonds. Color the hydrogen bonds gray. 
Activity B-4.3a cont. - DNA - The Double Helix

The DNA helix is actually made of repeating units called nucleotides. Each nucleotide consists of three molecules: a sugar (deoxyribose), a phosphate which links the sugars together, and then one of the four bases. Two of the bases are purines - adenine and guanine.  The pyrimidines are thymine and cytosine. Note that the pyrimidines are single ringed and the purines are double ringed. Color the nucleotides using the same colors as you colored them in the double helix. 

The two sides of the DNA ladder are held together loosely by hydrogen bonds. The DNA can actually "unzip" when it needs to replicate - or make a copy of itself. DNA needs to copy itself when a cell divides, so that the new cells each contain a copy of the DNA. Without these instructions, the new cells wouldn't have the correct information. The hydrogen bonds are represented by small circles. Color the hydrogen bonds grey. 

Messenger RNA
So, now, we know the nucleus controls the cell's activities through the chemical DNA, but how?  It is the sequence of bases that determine which protein is to be made.  The sequence is like a code that we can now interpret.  The sequence determines which proteins are made and the proteins determine which activities will be performed and this is how the nucleus is the control center of the cell.  The only problem is that the DNA is too big to go through the nuclear pores.  So a chemical is used to read the DNA in the nucleus.  That chemical is messenger RNA.   The messenger RNA (mRNA) is small enough to go through the nuclear pores.  It takes the "message" of the DNA to the ribosomes and "tells them" what proteins are to be made.  Recall that proteins are the body's building blocks. Imagine that the code taken to the ribosomes is telling the ribosome what is needed - like a recipe. 

Messenger RNA is similar to DNA, except that it is a single strand, and it has no thymine. Instead of thymine, mRNA contains the base uracil. In addition to that difference, mRNA has the sugar ribose instead of deoxyribose. RNA stands for ribonucleic acid. Color the mRNA as you did the DNA, except:

Color the ribose a DARKER BLUE, and the uracil ( [image: image5.png]


 ) brown.
Activity B-4.3a cont. - DNA - The Double Helix

The Blueprint of Life
Every cell in your body has the same "blueprint" or the same DNA. Like the blueprints of a house tell the builders how to construct a house, the DNA "blueprint" tells the cell how to build the organism.   Yet, how can a heart be so different from a brain if all the cells contain the same instructions?   Although much work remains in genetics, it has become apparent that a cell has the ability to turn off most genes and only work with the genes necessary to do a job.  We also know that a lot of DNA apparently is nonsense and codes for nothing.  These regions of DNA that do not code for proteins are called "introns", or sometimes "junk DNA". The sections of DNA that do actually code from proteins are called "exons".

DNA Replication

Each time a new cell is made, the cell must receive an exact copy of the parent cell DNA. The new cells then receive the instructions and information needed to function. The process of copying DNA is called replication. Replication occurs in a unique way - instead of copying a complete new strand of DNA, the process "saves" or conserves one of the original strand. For this reason, replication is called semi-conservative. When the DNA is ready to copy, the molecule "unzips" itself and new nucleotides are added to each side.  The image showing replication is similar to the DNA and mRNA coloring. Note the nucleotides are shown as their 3 parts - sugar (blue), phosphate (pink) and one of the four bases (color codes are above). Color the replication model on the second page.  Notice that several nucleotides are floating around, they are waiting to pair up with their match. The boxed section shows two new strands of DNA. Color the old strand (including its base) red and the new strand (including its base) green. 

Activity B-4.3a cont. - DNA - The Double Helix

Completely answer each question:
1.  Write out the full name for DNA. ________________________________

2.  What is a gene? ____________________________________________

3.  Where in the cell are chromosomes located? _______________________

4.  DNA can be found in what two organelles?_________________________
5.  What two scientists established the structure of DNA? _______________

6.  What is the shape of DNA? _____________________________________

7. What are the sides of the DNA ladder made of? _____________________

8.  What are the "rungs" of the DNA ladder made of? ___________________

9.  What sugar is found in DNA? _____________In RNA? _______________

10.  How do the bases bond together?   A  bonds with  _____   G  bonds with  ______
11. The two purines in DNA are _________________________________.

12. DNA is made of repeating units called __________________________

13.  Why is RNA necessary to act as a messenger?  Why can't the code be taken directly from the DNA?

14.  Proteins are made where in the cell?

15. How do some cells become brain cells and others become skin cells, when the DNA in ALL the cells is exactly the same.  In other words, if the instructions are exactly the same, how does one cell become a brain cell and another a skin cell?

16. Why is DNA called the "Blueprint of Life"?
Activity B-4.3a cont. - DNA - The Double Helix

	Double Helix[image: image6.png]
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Activity B-4.3a cont. - DNA - The Double Helix
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Activity B-4.3a cont. DNA - The Double Helix 
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Activity B-4.3a cont. - DNA - The Double Helix

ANSWERS

1. Deoxyribose Nucleic Acid

2. A segment of DNA that codes for a protein

3. Nucleus

4. Mitochondria and chloroplast

5. Watson and Crick

6. Double helix

7.  Pentose sugar and Phosphate

8. Nitrogen bases

9. Deoxyribose ; Ribose

10. H bonds ; T and C

11. Adenine and Guanine

12.  Nucleotides

13. DNA cannot leave the nucleus as too large to leave through the nuclear pores

14. Cytoplasm

15.  Differential expression of genes and therefore different protein made in brain cells

16.  versus skin cells

17. By semi conservative replication information from the parental cell is transferred exactly to the daughter cells

Activity B-4.4a/B- 4.8 - How Proteins are Made
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Part 1: Use the circle from above to fill in the chart below.  Remember to use the mRNA sequence to determine the Amino Acids.

	Decoding DNA

	DNA
	a.
	b.
	GAT
	c.

	mRNA Codon
	d.
	e.
	f.
	UAU

	Anticodon
	g.
	UUC
	h.
	i.

	Amino Acid
	Tryptophan
	j.
	k.
	l.


Activity B-4-4a cont.– How Proteins are made

Part 2*:  Explain the following types of mutations.

*Teacher Note: This section is for use in B-4.8. It is included here for expediency. 
1. Point Mutation – Addition: _____________________________________________________________
_____________________________________________________________
2. Point Mutation – Deletion: _____________________________________________________________
_____________________________________________________________
3. Frameshift Mutation – Addition: _____________________________________________________________
_____________________________________________________________
4. Frameshift Mutation – Deletion: _____________________________________________________________
Part 3:  Determine how the mutations below will affect each amino acid sequence.  Use the mRNA codons from the circle to complete the items.  An example is done for you.

	Number
	Sequence
	Letter Sequence
	AA Sequence

	Example
	mRNA Sequence
	UGU – CCG
	Cysteine – Proline

	
	Mutation Sequence
	UGC – CGC
	Cysteine – Arginine

	1.
	mRNA Sequence
	GAA – CGU
	

	
	Mutation Sequence
	GAU – CGU
	

	2.
	mRNA Sequence
	AUC – UGC
	

	
	Mutation Sequence
	AUC – UGG
	

	      3.
	mRNA Sequence
	UGU – CCU – CCU
	

	
	Mutation Sequence
	UGU – UUC – CCU
	

	4.
	mRNA Sequence
	GGG – UUA – ACC
	

	
	Mutation Sequence
	 GGU – UAA
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Answer Key
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Part 1: Use the circle from above to fill in the chart below.  Remember to use the mRNA sequence to determine the Amino Acids.

	Decoding DNA

	DNA
	a.  ACC
	b. TTC
	     GAT
	c.  ATA

	mRNA Codon
	d. UGG
	e. AAG
	f.  CUA
	     UAU

	Anticodon
	g. ACC
	    UUC
	h. GUA
	i.  AUA

	Amino Acid
	Tryptophan
	j. Lysine
	k.  Leucine
	l. Tyrosine
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Part 2*:  Explain the following types of mutations.

*Teacher Note: This section is for use in B-4.8. It is included here for convenience. 
1. Point Mutation – Addition: _____________________________________________________________
_____________________________________________________________
2. Point Mutation – Deletion: _____________________________________________________________
_____________________________________________________________
3. Frameshift Mutation – Addition: _____________________________________________________________
_____________________________________________________________
4. Frameshift Mutation – Deletion: _____________________________________________________________

Part 3:  Determine how the mutations below will affect each amino acid sequence.  Use the mRNA codons from the circle to complete the items.  An example is done for you.

	Number
	Sequence
	Letter Sequence
	AA Sequence

	Example
	mRNA Sequence
	UGU – CCG
	Cysteine – Proline

	
	Mutation Sequence
	UGC – CGC
	Cysteine – Arginine

	1.
	mRNA Sequence
	GAA – CGU
	Glutamic Acid – Arginine

	
	Mutation Sequence
	GAU – CGU
	Aspartic Acid – Arginine

	2.
	mRNA Sequence
	AUC – UGC
	Isoleucine – Cysteine

	
	Mutation Sequence
	AUC – UGG
	Isoleucine – Tryptophan

	3.
	mRNA Sequence
	UGU – CCU – CCU
	Cysteine – Proline – Proline

	
	Mutation Sequence
	UGU – UUC – CCU
	Cysteine – Phenylalanine – Proline

	4.
	mRNA Sequence
	GGG – UUA – ACC
	Glycine – Leucine – Threonine

	
	Mutation Sequence
	 GGU – UAA
	Glycine - Stop


Activity B-4.4b - Groovy DNA beads





Objective:
This lesson is designed for 7th - 10th graders.  The main objective of this 
activity is to provide students with a hands-on experience matching DNA 
nitrogenous base pairs, arranging nucleotides into codons, and visualizing the 
size of a single gene. 

Materials Needed:
(For Pairs of Students)
--Plastic beads (the type which you can string), approximately 1,000.  You 
   should have 6 distinctly different colors. 
--String (3 strings per group), approximately 2.5 feet long. 
--Plastic baggies (1 for each group). 

Strategy:
Note:  Place at least 42 beads in each bag, making sure that you've given each 
pair of students a wide variety of all 6 colors.  You must give out all 1,000 of 
the beads in the baggies.  Place the three strings in the baggie.  Although I've 
used green, pink, blue, yellow, orange and purple in this write-up, you aren't 
limited to these colors.  But you need to choose the colors which will represent 
each nitrogenous base. 

A nucleotide of DNA is made of three parts:  a nitrogenous base (the part we're 
going to work on); a 5-carbon sugar called deoxyribose; and a phosphate group. 
There are four nitrogenous bases of DNA A, G, C, T (Adenine, Guanine, Cytosine 
and Thymine). 

1)  The beads in your plastic bag represent one of the four nitrogenous bases.  
    For now, set aside the orange and purple beads. 
2)  Green represents A; pink represents G; blue represents C; yellow represents 
    T.  So each color represents a nitrogenous base of DNA.  Write the colors in 
    the space below: 

A = _____________  G = _____________  C = _____________ T = ___________

3)  Take both of the strings out of your bag and tie a knot in one end of the 
    string.  The knot should be secure, but not tight. 
4)  In a reasonably random order (in other words, don't string AGCTAGCT), string 
    21 beads on one of your strings.  In the space below, write the nitrogenous 
    bases you have strung together. 

-- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
(string #1)

DNA stands for deoxyribonucleic acid and is unique in a few ways:  A, G, C, T 
(adenine, guanine, cytosine and thymine) are the nitrogenous bases; it is inside 
the nucleus; it is always double stranded.  Now that you have made one strand of 
DNA, you are going to make its complementary strand.  In order to make a 
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complementary strand of DNA, you need to know that green and yellow (adenine and 
thymine) are base pairs; blue and pink are base pairs (cytosine and guanine). 

5)  In the space below, write the color of the other part of the nitrogenous 
    base pair.  The first one is written for you. 

A = green ----> T = yellow           G = pink ----> C = _________
T = yellow ----> A = _______         C = blue ----> G = _________

6)  On the first line, again write the nitrogenous bases you strung together.  
    On the second line, write the other part of the nitrogenous base pair.  In 
    other words, if you strung together ACCGTTA on the first line, then on the 
    second line you'd write TGGCAAT.  This is called base pairing because the 
    nitrogenous bases A and T (adenine and thymine) are paired, as are C and G 
    (cytosine and guanine). 

-- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
(string #1)

-- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
(string #2)

7)  Now that you've written the complementary strand of DNA, use the other 
    string in your bag to string together the beads that represent each 
    nitrogenous base.  Put a loose knot at the other ends of both strings. 
8)  Hold both strings at both ends.  Make sure that the base pairs are touching.  
    Gently twist the two strands to the right.  You've created a double helix. 

                     MAKING A COMPLEMENTARY STRAND OF RNA
RNA stands for ribonucleic acid.  RNA is similar to DNA with two differences:  
the 5-carbon sugar is a ribose instead of deoxyribose; and RNA does not have 
thymine, instead RNA has uracil.  So, green is paired with purple (adenine with 
uracil); yellow is paired with green (thymine in DNA is paired with adenine in 
RNA); and pink is still paired with blue (guanine with cytosine).

1)  You'll now use the purple beads which will represent U (uracil). 
2)  In the space below, write the color of the other part of the nitrogenous 
    base pair.  The first one is written for you. 
DNA                    RNA
A = green  ---->     U = purple

G = pink  ------>    C = _________

C = blue ------>     G = _________

T = yellow ---->      A = _________
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3)  On the first line below, again write the nitrogenous bases (string #1) of 

    DNA.  On the second line, write the corresponding RNA strand.  So that if 

    you string together ACCGTTA, you'd write UGGCAAU. 

-- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --

(DNA string #1)

-- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --

(RNA string #1)

4)  String the beads which represent the nitrogenous bases of RNA. 

                                     CODONS
DNA transcribed into RNA will (eventually) make proteins.  Proteins are 
important because they control biochemical pathways within the cell, direct the 
making of essential compounds like lipids, carbohydrates and nucleotides, and 
are responsible for the structure and movement of the cell.  A protein "begins" 
as a sequence of codons.  Codons are 3 nucleotides of RNA.  So that if you had 
UGGCAAUCG --> UGG is a codon; CAA is another codon; UCG is the third codon in 
this string of RNA. 

1)  Again write down the RNA strand (RNA string #1) you've made and put a slash 
    between each codon. 

-- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
(RNA string #1)

2)  Separate the codons on your string by making a 1/4" - 1/2" space in between 
    the beads. 
3)  How many codons did you get? ________________ 

                             THE GREAT LEAP FORWARD
Now that we've been working with nitrogenous bases, let's take a leap into 

chromosomes. 

1)  Using all three strings, string all of the beads in the baggie (in random 

    order). 

2)  Put a loose knot on both ends of the strings. 

3)  Have the students hold each string horizontally.  They should stand next to 

    one another with the ends of the strings touching.  They are representing 

    one strand of the double-stranded DNA. 

4)  We have approximately 75,000 to 100,000 genes in human cells.  A single 

    human gene has about 10,000 nitrogenous base pairs.  If the class holds only 

    1,000 base pairs, how many more classes and how many more beads would we 

    need in order to represent a single human gene?  __________ and __________ 

5)  EXTRAPOLATION:  how is it possible to get all that genetic information 
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inside one chromosome?  (answer:  genes portions of DNA which is coiled 
inside a chromosome) 

Performance Assessment:
Students will be able to:
     identify the four nitrogenous bases of DNA;
     identify the two base pairs of DNA;
     describe the shape of a DNA strand;
     identify the four nitrogenous bases of RNA;
     identify the two base pairs of RNA/DNA;
     explain the size of a codon;
     explain and visualize the size and number of human gene(s).

Conclusion:
The concept of DNA/RNA base pairing and formation of codons is difficult for 
students to understand and visualize.  This activity is inexpensive and easy. 

Activity B-4.4c - TRANSLATION  ACTIVITY

Proteins are very important in living organisms. To manufacture a protein, our cells first transcribe a gene (DNA) into an RNA molecule, and then translate the RNA message into a sequence of amino acids.

There are seven RNA messages below. Using the accompanying Decoder Chart, (Activity B-4.4a, p 31), translate them into letter messages. A letter message (or sentence) has meaning for you, just as an amino chain (protein) has meaning for the cell. Write the letter chains below the RNA messages. Then translate the RNA messages into amino acid sequences using the real genetic code.

RNA message #1

CUUUUCGAGAAUUAUCCUCAAUUUUCUUUCCAUAUGCUAAACCUAGCAUGUUGA

RNA message #2

CAAAACUGGUCGCCACAGUCCCUGAAUCGCUAUAUAUUGAUG

RNA message #3

AAAUUUUAUCACAUGUGGUGGAAUUGGGAAAUGAUGUGUUAG

RNA message #4

UGUCACCCCUACCCACAGUCCGUUUUCCUAAUGUGC

RNA message #5

CUUUAUAUGCACUGCAAUCAAUGGCCCUCCAUGGAAUGUUAA
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ANSWER SHEET TO RNA MESSAGES*

RNA MESSAGE #1

CAROLINA  GAMECOCKS

Leu-phe-glu-asn-tyr-pro-gln-phe-ser-phe-his-met-leu-asn-leu-ala-cys-stop

RNA MESSAGE #2

NOTHING COULD BE FINER

Gln-asn-trp-ser-pro-gln-ser-leu-asn-arg-tyr-ile-leu-met-val-pro-gln-met-glu-stop

RNA MESSAGE #3

PALMETTO TREES

Lys-phe-tyr-his-aug-trp-trp-asn-trp-glu-aug-aug-cys-stop

RNA MESSAGE #4

SMILING FACES, BEAUTIFUL PLACES

Cys-his-pro-tyr-pro-gln-ser-val-phe-leu-met-cys-leu-met-phe-arg-trp-pro-val-arg-tyr-lys-tyr-phe-leu-met-cys-stop

RNA MESSAGE #5

CLEMSON TIGERS

Leu-tyr-met-his-cys-asn-gln-trp-pro-ser-met-glu-cys-stop

RNA MESSAGE #6

YELLOW JASMINE

Gly-met-tyr-tyr-asn-ser-thr-phe-cys-his-pro-gln-met-stop

RNA MESSAGE #7

MYRTLE BEACH

His-gly-glu-trp-tyr-met-leu-met-phe-leu-ser-stop

RNA MESSAGE #8

MZOYDS(STOP)SAGGU

His-gly-asn-gly-ile-cys-stop-cys-phe-ser-ser-arg

Activity B-4.4d – Bug Lab Project

Background:

“Bugs are insects.  Insects, like all living organisms, have certain traits in common.  All insects have antennae attached to the head (2-4 pairs), wings attached to the thorax (2-4 pairs), three pairs of legs attached to the thorax, and three body regions as pictured below.

Even though “bugs” share some traits with all other bugs, each is an individual.  Their DNA structure codes for their proteins and therefore determines their individual differences.

Purpose:

To create an “original bug” by transcribing and translating its DNA code.  Your “bug” must be genetically correct according to the code you are assigned.  All other creative embellishments are allowed (see your actual project packet for your options).  No matter which option you choose to represent your finished “bug”, be sure that your “bug” ACCURATELY MATCHES the DNA code you are assigned.

Possible Materials: (Construct a model if time permits and if needed or learners to fully understand the concepts)
Computer with PowerPoint software

Modeling clay

Colored Pencils




Pipe cleaners

Magic Markers




Terrarium

“Bug” reference books



Background music

Sticks & leaves




Tape

Almost anything else you can find
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The  Genetic  Code

2nd base in codon

	
	U
	C
	A
	G
	

	U
	Phe

Phe

Leu

Leu
	Ser

Ser

Ser

Ser
	Try

Try

STOP

STOP
	Cys

Cys

STOP

Trp
	U

C

A

G

	C
	Leu

Leu

Leu

Leu
	Pro

Pro

Pro

Pro
	His

His

Gin

Gin
	Arg

Arg

Arg

Arg
	U

C

A

G

	A
	Ile

Ile

Ile

Met
	Thr

Thr

Thr

Thr
	Asn

Asn

Lys

Lys
	Ser

Ser

Arg

Arg
	U

C

A

G

	G
	Val

Val

Val

Val
	Ala

Ala

Ala

Ala
	Asp

Asp

Glu

Glu
	Gly

Gly

Gly

Gly
	U

C

A

G


Legend:  Amino acids specified by each codon sequence on mRNA.  Key for the above table:

	Ala:  Alanine
	Cys:  Cysteine
	Asp:  Aspartic acid

	Phe:  Phenylalanine
	Gly:  Glycine
	His:  Histidine

	Lys:  Lysine
	Leu:  Leucine
	Met:  Methionine

	Pro:  Proline
	Gln:  Glutamine
	Arg:  Arginine

	Thr:  Threonine
	Val:  Valine
	Trp: Tryptophan

	Glu:  Glutamic acid
	Asn:  Asparagine
	Tyr:  Tyrosine

	Ile:  Isoleucine
	Ser:  Serine
	



A = adenine     G = guanine     C = cytosine     T = thymine     U = uracil
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Protien Synthesis

Transcribing and Translating the DNA Code

Coded traits:

Start Codon:   AUG   Methionine

1.
Wing



Lysine, Arginine = smooth wing



Lysine, Serine = wrinkled wing

2.
Eye color



Asparagine, Arginine = red eye



Asparagine, Serine = other color

3.
Abdomen shape



Phenylalanine, Tyrosine = striped thorax



Phenylalanine, Cysteine = solid color thorax

4.
Thorax coloring



Leucine, Proline = striped thorax



Leucine, Histidine = solid color thorax

5.
Head Shape



Isoleucine, Aspartic acid = pointed head



Isoleucine, Asparagine = rounded head

6.
Antennae



Proline, Glycine = straight antennae



Proline, Glutamic acid = wavy antennae

7.
Leg length



Tryptophan, Histidine = long legs



Tryptophan, Phenylalanine = short legs

8.
Thorax shape



Valine, Glutamine = elongated thorax



Valine, Methionine = square thorax

9.
Leg hair



Alanine, Glycine = hairy legs



Alanine, Cysteine = smooth legs

10.
Voice



Lysine, Leucine = chirp voice



Lysine, Methionine = peep voice

11.
Stinger



Threonine, Valine = stinger



Threonine, Trytophan = no stinger

12.
Feet and claws



Cysteine, Histidine = feet with claws



Cysteine, Asparagine = feet, no claws

13.
Wing coloration



Glycine, Arginine = spotted wings



Glycine, Isoleucine = striped wings

Stop codons = UAA,  UAG,  UGA
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Name:____________________________________     Date: _________________
Project Title: ______________________________     Teacher:_________________

“Bug”  Project  Rubric

	Process
	Below Avg.
	Satisfactory
	Excellent

	1. Has clear vision of final product
	1, 2, 3
	4, 5, 6
	7, 8, 9

	2. Properly organized to complete project
	1, 2, 3
	4, 5, 6
	7, 8, 9

	3. Managed time wisely
	1, 2, 3
	4, 5, 6
	7, 8, 9

	4. Acquired needed knowledge base
	1, 2, 3
	4, 5, 6
	7, 8, 9

	5. Communicated efforts with teacher
	1, 2, 3
	4, 5, 6
	7, 8, 9

	
	
	
	

	Product (Project)
	Below Avg.
	Satisfactory
	Excellent

	1.  Format
	1, 2, 3
	4, 5, 6
	7, 8, 9

	2.  Mechanics of speaking/writing
	1, 2, 3
	4, 5, 6
	7, 8, 9

	3.  Organization & structure
	1, 2, 3
	4, 5, 6
	7, 8, 9

	4.  Creativity
	1, 2, 3
	4, 5, 6
	7, 8, 9

	5.  Demonstrates knowledge
	1, 2, 3
	4, 5, 6
	7, 8, 9, 10

	6.  Other:
	1, 2, 3
	4, 5, 6
	7, 8, 9









Total Score: _________________
Teacher Comments:
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DNA Codes

Cut out and give to students!

1.
TACTTTGCATTAGCAAAAACAGACGGT


ATCTAGGGCCCACCGTGCAGTACCGACC


GTTTTACTGCACCACGTTGCCTTAGATT

2.
TACTTCTCATTGAGCAAGACGGACGTGT


ATTTGGGCCTCACCAAGCACTACCGCACG


TTCTACTGCACCACGTTGCCCTATATC

3.
TACTTTGCTTTGGCCAAAATAGAAGGAT


AACTAGGACCAACCGTACAGGTTCGACC


ATTTGATTGACATACAGTACCAGCGACT

4.
TACTTCGCGTTGAGTAAAATGGTTCGACC


ATCTGGGGCTCACCGTGCATGTCCGCCCA


TTTTACTGGCAGACATTGCCTGCTATT

5.
TACTTTAGCTTAGCAAAAACGGAAGGGT


AACTAGGGCCCACCAAGCATGTTCGTACG


TTCGATTGTACCACAGTGCCATAGATC

6.
TACTTTGCATTAGCAAAAACAGACGGGT


ATCTAGGGCCCACCGTGCAGTACCGACCG


TTTTACTGCACCACGTTGCCTTAGATT
7.
TACTTCTCATTGAGCAAGACGGACGTGT


ATTTGGGCCTCACCAAGCACTACCGCACG


TTCTACTGCACCACGTTGCCCTATATC

8.
TACTTTGCTTTGGCCAAAATAGAAGGAT


AACTAGGACCAACCGTACAGGTTCGACCA


TTTGATTGACATACAGTACCAGCGACT

9.
TACTTCGCGTTGAGTAAAATGGATGTGTA


TCTGGGGCTCACCGTGCATGTCCGCCCATT


TTACTGGCAGACATTGCCTGCTATT

10.
TACTTTAGCTTAGCAAAAACGGAAGGG


TAACTAGGGCCCACCAAGCATGTTCGTA


CGTTCGATTGTACCACAGTGCCATAGATC
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Answers

1.
TACTTTGCATTAGCAAAAACAGACGGGT


ATCTAGGGCCCACCGTGCAGTACCGACC


GTTTTACTGCACCACGTTGCCTTAGATT


mRNA:



AUG, AAA, CGU, AAU, CGU, UUU, UGU, CUG, CCC, AUA, GAU, CCC, GGG, UGG, CAC, GUC, AUG, GCU, GGC, AAA, AUG, ACG, UGG, UGC, AAC, GGA, AUC, UAA


Amino acids:



Methionine, lysine, arginine, asparagine, arginine, phenylalanine, cysteine, leucine, praline, isoleucine, aspartic acid, praline, glycine, tryptophan, histidine, valine, methionine, alanine, glycine,lysine, methionine, threonine, tryptophan, cysteine, asparagine, glycine, isoleucine, stop


Traits:



Smooth wing, red eye, pointed abdomen, striped thorax, pointed head, straight antennae, long legs, square thorax, hairy legs, peep voice, no stinger, feet with no claws, striped wings

2. TACTTCTCATTGAGCAAGACGGACGTGT


ATTTGGGCCTCACCAAGCACTACCGCACG


TTCTACTGCACCACGTTGCCCTATATC


mRNA:



AUG, AAG, AGU, AAC, UCG, UUC, UGC, CUG, CAC, AUA, AAC, CCG, GAG, UGG, UUC, GUG, AUG, GCG, UGC, AAG, AUG, ACG, UGG, UGC, AAC, GGG, AUA, UAG

 
Amino acids:



Methionine, lysine, serine, asparagine, serine, phenylalanine, cysteine, leucine, histidine, isoleucine, asparagine, praline, glutamic acid, tryptophan, phenylalanine, valine, methionine, alanine, cysteine, lysine, methionine, threonine, tryptophan, cysteine, asparagine, glycine, isoleucine, stop

 
Traits:



Wrinkled wing, other colored eyes (not red),   pointed abdomen, solid color thorax, rounded head, wavy antennae, short legs, square thorax, smooth legs, peep voice, no stinger, feet with no claw, striped wings, stop


Activity B-4.4d cont.  Teacher’s copy

3.
TACTTTGCTTTGGCCAAAATAGAAGGAT


AACTAGGACCAACCGTACAGGTTCGACC


ATTTGATTGACATACAGTACCAGCGACT


mRNA:



AUG, AAA, CGA, AAC, CGG, UUU, UAU, CUU, 


CCU, AUU, GAU, CCU, GGU, UGG, CAU, GUC, CAA, 


GCU, GGU, AAA, CUA, ACU, GUA, UGU, CAU, GGU, 


CGC, UGA

Amino acids:



Methionine, lysine, arginine, asparagine, arginine, 


phenylalanine, tyrosine, leucine, praline, isoleucine, 


aspartic acid, praline, glycine, tryptophan, histidine, 


valine, glutamine, alanine, glycine, lysine, leucine, 


threonine, valine, cysteine, histidine, glycine, arginine, 


stop


Traits:



Smooth wing, red eye, rounded abdomen, striped thorax, pointed head, straight antennae, long legs, elongated thorax, hairy legs, chirp voice, stinger,    feet with claws, spotted wings, stop

4.
TACTTCGCGTTGAGTAAAATGGATGTGT


ATCTGGGGCTCACCGTGCATGTCCGCCCA


TTTTACTGGCAGACATTGCCTGCTATT


mRNA:



AUG, AAG, CGC, AAC, UCA, UUU, UAC, CUA, CAC, AUA, GAC, CCC, GAG, UGG, CAC, GUA, CAG, GCG, GGU, AAA, AUG, ACC, GUC, UGU, AAC, 
GGA, CGA, UAA


Amino acids:



Methionine, lysine, arginine, asparagine, serine, phenylalanine, tyrosine, leucine, histidine, isoleucine, aspartic acid, praline, glutamic acid, tryptophan, histidine, valine, glutamine, alanine, glycine, lysine, methionione, threonine, valine, cysteine, asparagine, glycine, arginine, stop


Traits:



Smooth wing, other colored eyes (not red), 


rounded abdomen, solid color thorax, pointed head, wavy antennae, long legs, elongated thorax, hairy legs, peep voice, stinger, feet with no claws, spotted wings, stop
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5.
TACTTTAGCTTAGCAAAAACGGAAGGGT


AACTAGGGCCCACCAAGCATGTTCGTACG


TTCGATTGTACCACAGTGCCATAGATC


mRNA:



AUG, AAA, UCG, AAU, CGU, UUU, UGC, CUU, CCC,


AUU, GAU, CCC, GGG, UGG, UUC, GUA, CAA, GCA, UGC, AAG, CUA, ACA, UGG, UGU, CAC, GGU, AUC, UAG


Amino acids:



Methionine, lysine, serine, asparagine, arginine, phenylalanine, cysteine, leucine, praline, isoleucine, aspartic acid, praline, glycine, tryptophan, phenylalanine, valine, glutamine, alanine, cysteine, lysine, leucine, threonine, tryptophan, cysteine, histidine, glycine, isoleucine, stop


Traits:



Wrinkled wing, red eyes, pointed abdomen, striped thorax, pointed head, straight antennae, short legs, elongated thorax, smooth legs, chirp voice, no stinger, feet with claws, striped wings, stop
6.
TACTTTGCATTAGCAAAAACAGACGGGT


ATCTAGGGCCCACCGTGCAGTACCGACCG


TTTTACTGCACCACGTTGCCTTAGATT


mRNA:



AUG, AAA, CGU, AAU, CGU, UUU, UGU, 
CUG, CCC, AUA, GAU, CCC, GGG, UGG, CAC, GUC, AUG, GCU, GGC, AAA, AUG, ACG, UGG, UGC, AAC, GGA, AUC, UAA


Amino acids:



Methionine, lysine, arginine, asparagine, arginine, phenylalanine, cysteine, leucine, praline, isoleucine, aspartic acid, praline, glycine, tryptophan, histidine, valine, methionine, alanine, glycine, lysine, methionine, threonine, tryptophan, cysteine, asparagine, glycine, isoleucine, stop


Traits:



Smooth wing, red eye, pointed abdomen, 
striped thorax, pointed head, straight antennae, long legs, square thorax, hairy legs, peep voice, no stinger,     feet with no claws, striped wings, stop
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7.
TACTTCTCATTGAGCAAGACGGACGTGT


ATTTGGGCCTCACCAAGCACTACCGCACG


TTCTACTGCACCACGTTGCCCTATATC


mRNA:



AUG, AAG, AGU, AAC, UCG, UUC, UGC, CUG, CAC, AUA, AAC, CCG, GAG, UGG, UUC, GUG, AUG, GCG, UGC, AAG, AUG, ACG, UGG, UGC, AAC, GGG, AUA, UAG


Amino acids:



Methionine, lysine, serine, asparagine, serine, phenylalanine, cysteine, leucine, histidine, isoleucine, asparagine, praline, glutamic acid, tryptophan, phenylalanine, valine, methionine, alanine, cysteine, lysine, methionine, threonine, tryptophan, cysteine, asparagine, glycine, isoleucine, stop


Traits:



Wrinkled wing, other colored eyes (not red), 


pointed abdomen, solid color thorax, rounded head, wavy antennae, short legs, square thorax, smooth legs, peep voice, no stinger, feet with no claws, striped wings, stop

8.
TACTTTGCTTTGGCCAAAATAGAAGGAT


AACTAGGACCAACCGTACAGGTTCGACCA


TTTGATTGACATACAGTACCAGCGACT


mRNA:



AUG, AAA, CGA, AAC, CGG, UUU, UAU, CUU, CCU, AUU, GAU, CCU, GGU, UGG, CAU, GUC, CAA, GCU, GGU, AAA, CUA, ACU, GUA, UGU, CAU, GGU, CGC, UGA


Amino acids:



Methionine, lysine, arginine, asparagine, arginine, phenylalanine, tyrosine, leucine, praline, isoleucine, aspartic acid, praline, glycine, tryptophan, hitidine, valine, glutamine, alanine, gycine, lysine, leucine, threonine, valine, cysteine, histidine, glycine, arginine, stop


Traits:



Smooth wing, red eye, rounded abdomen, striped thorax, pointed head, straight antennae, long legs, elongated thorax, hairy legs, chirp voice, stinger, feet with claws, spotted wings, stop
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9.
TACTTCGCGTTGAGTAAAATGGATGTGTA


TCTGGGGCTCACCGTGCATGTCCGCCCATT


TTACTGGCAGACATTGCCTGCTATT


mRNA:



AUG, AAG, CGC, AAC, UCA, UUU, UAC, CUA, CAC, AUA, GAC, CCC, GAG, UGG, CAC, GUA, CAG, GCG, GGU, AAA, AUG, ACC, GUC, UGU, AAC, GGA, CGA, UAA


Amino acids:



Methionine, lysine, arginine, asparagine, serine, phenylalanine, tyrosine, leucine, histidine, isoleucine, aspartic acid, praline, glutamic acid, tryptophan, histidine, valine, glutamine, alanine, glycine, lysine, methionine, threonine, valine, cysteine, asparagine, glycine, arginine, stop


Traits:



Smooth wing, other colored eyes (not red), 


rounded abdomen, solid color thorax, pointed head, wavy antennae, long legs, elongated thorax, hairy legs, peep voice, stinger, feet with no claw, spotted wings, stop

10.
TACTTTAGCTTAGCAAAAACGGAAGGG


TAACTAGGGCCCACCAAGCATGTTCGTA


CGTTCGATTGTACCACAGTGCCATAGATC


mRNA:



AUG, AAA, UCG, AAU, CGU, UUU, UGC, CUU, CCC, AUU, GAU, CCC, GGG, UGG, UUC, GUA, CAA, GCA, UGC, AAG, CUA, ACA, UGG, UGU, CAC, GGU, AUC, UAG


Amino acids:



Methionine, lysine, serine, asparagine, arginine, phenylalanine, cysteine, leucine, praline, isoleucine, aspartic acid, praline, glycine, tryptophan, phenylalanine, valine, glutamine, alanine, cysteine, lysine, leucine, threonine, tryptophan, cysteine, histidine, glycine, isoleucine, stop


Traits:



Wrinkled wing, red eye, pointed abdomen, striped thorax, pointed head, straight antennae, short legs, elongated thorax, smooth legs, chirp voice, no stinger, feet with claws, striped wings, stop

Activity B-4.4d cont. - Bug Lab Project

Procedure:

1)
You will be given the DNA of your bug. When you receive this, paste the code into the following space:

Transcription:

Before the synthesis of a protein begins, the corresponding RNA molecule is produced by RNA transcription. One strand of the DNA double helix is used as a template by the RNA polymerase to synthesize a messenger RNA (mRNA). This mRNA migrates from the nucleus to the cytoplasm. During this step, mRNA goes through different types of maturation, including one step called splicing (this is when the non-coding (junk) sequences are eliminated). The coding mRNA sequence can be described as a unit of three nucleotides called a codon.
2)
Transcribe the above strand of DNA into the “language” of mRNA.  Remember, RNA contains uracil instead of thymine.
__________________________________________________________________________________________________________________________________________________________________________________________________________________

3) Now, go back and divide the above mRNA into codons (three bases each) using vertical lines.

Translation:

The ribosome binds to the mRNA at the start codon (AUG) that is recognized only by the initiator tRNA. The ribosome proceeds to the elongation phase of protein synthesis. During this stage, complexes, composed of an amino acid linked to tRNA, sequentially bind to the appropriate codon in mRNA by forming complementary base pairs with the tRNA anticodon. 
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The ribosome moves from codon to codon along the mRNA. Amino acids are added one by one, translated into polypeptide sequences dictated by DNA and represented by mRNA. At the end, a release factor binds to the stop codon, terminating translation and releasing the complete polypeptide from the ribosome.

4)
Locate the initiator codon on your strand of mRNA.

5)
Using the amino acid chart found in the General Information Packet, determine the name of the amino acid that each codon codes for. One specific amino acid can correspond to more than one codon. For this reason, the genetic code is said to be degenerate or redundant. Write the abbreviation of the amino acids (in their proper order) in the area below.

________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
6)
Using the polypeptide chain (protein) made by the DNA of your bug, determine the particular coded traits your bug will express.   Use the provided key to do this, writing below the traits your bug will have. Hint: All DNA codes given to students begin with AUG.   To decipher which traits your bug will have, begin grouping the amino acids in groups of two after the start codon.  For example, all students will have either lysine, argine, OR lysine, serine coding for either a smooth wing or a wrinkled wing.

________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

7)
Now, for your options! Pick one of the following options to represent the traits of your bug. You will present your bug to the class (presentations will be 5-10 minutes each), so make sure that you pick the option that best showcases your strengths in completing this project!    Have fun!

a. Just do it! Construct your bug using any type of craft supplies that you find in the classroom (or at home) and your creativity!

b. Do you want to write? In a well-developed story, explain the traits of your bug.  In addition to the traits determined by the DNA strand, use your creativity to describe other characteristics of your organism (habitat, diet, personality, etc.). Tell us about something that has happened in this bug’s life, or in a typical “day in the life” of your bug.  Don’t feel like writing a story, but still want to write? How about a poem? Just be sure that it still covers the things just mentioned. 

c. Music anyone? With or without musical accompaniment, write and share a song or rap about the traits of your bug, Use your creativity to include other characteristics of your organism (habitat, diet, personality, etc.).
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d. Feel like taking a walk on the wild side? Head outdoors and collect things to make the ideal home for your bug. When presenting your habitat to the class, be sure to discuss why it is suitable for your bug based on the bug’s coded traits.

e. Do you have the acting “bug”? Get with another actor and discuss both of your bugs’ traits. Then, perform a skit as your bugs and show how these two bugs would interact with each other.

f. Is the computer your thing? Using a computer program, design a presentation that will demonstrate the traits of your bug. There are many different programs to choose from, so this one is wide open! Use paint to create your bug from scratch…or try Photoshopping an existing picture of a bug to meet your needs…or do a PowerPoint slide for each trait of your bug and explain how it helps your bug to survive in its environment!

g. Any artists out there? Draw/paint/represent your bug using your favorite medium.

8) But wait! You’re not done yet!  Transfer RNA is a single strand of RNA that loops back on itself. Each transfer RNA molecule has two important sites of attachment. One site, called the anticodon, binds to the codon on the messenger RNA molecule. The other site attaches to a particular amino acid. During protein synthesis, the anticodon of a transfer RNA molecule base pairs with the appropriate messenger RNA codon. On the lines below, indicate what the tRNA sequence would be for your bug. Use the mRNA that you decoded in #3 to do this.

________________________________________________________________________________________________________________________________________________________________________________________________

Follow-Up Questions:

1)
Oxytocin is a hormone that helps to regulate blood pressure and stimulates the uterus to contract during childbirth.  Following is a DNA sequence that could code for a part of a molecule of oxytocin.  Write the sequence of mRNA codons that would result from the transcription of this portion of DNA.  Then decipher the amino acid sequence.

DNA:
      
ACA  ATA  TAG  CTT  TTG  ACG  GGG  AAC  CCC  ATT

mRNA:

a.a. sequence:

2)
Mutations arise when DNA is changed, deleted or added. We are 
going to delete one base in the above DNA. Decipher the rest.

DNA:
      
ACA  ATA  AGC  TTT  TGA  CGG  GGA  ACC  CCA  TTA

mRNA:

a.a. sequence:
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3) 
Look at the amino acids that you deciphered in #2 and compare them to those from #1.     How are they different?  What effect might this have? (Remember what oxytocin is!)

4)
If a mutation were to happen in the DNA of your bug, discuss briefly what effect this might have had on the outcome of the bug you created.

Activity B-4.4e - DNA Dry Lab
Abstract:

This lab illustrates how the order of nucleotides in DNA determines the order of amino acids in proteins.  It reinforces the concept that any change in the order of nucleotides can change the order of amino acids in proteins.

Background Information:

To do this exercise, students will need a copy of the genetic code.  As an option you may want students to draw the structural formulas.  If you choose this then you will need a copy of the structural formulas for the 20 amino acids found in proteins.  This lab was first published by Susan Offner as part of and article entitled “Teaching Biology around Themes: Teach Proteins and & DNA Together” in the American Biology Teacher 54(2): 93-101.

Lesson Plan

Student Activity:

The following is the base sequence on one strand of a DNA molecule:


AATGCCAGTGGTTCGCAC

1. Give the base sequence of the complementary DNA strand.

2. Draw this DNA molecule.

3. Give the base sequence of the strand of mRNA read from the original DNA strand.

4. Draw this RNA molecule.

5. What protein fragment would this mRNA code for?

6. If the fourth nucleotide in the original DNA strand were changed from G to C, what would the resulting mRNA look like?

7. What would the resulting protein look like?

8. If a G were added to the original DNA strand after the 3rd nucleotide, what would the resulting mRNA look like?

9. What would the resulting protein look like?

10. If the 8th nucleotide in the original DNA strand were changed from G to C, what would the resulting mRNA look like?

11. What would the resulting protein look like?
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Answer Sheet:

The following is the base sequence on one strand of a DNA molecule:


AATGCCAGTGGTTCGCAC
1. Give the base sequence of the complementary DNA strand.

TTACGGTCACCAAGCGTG

2. Draw this DNA molecule.

3. Give the base sequence of the strand of mRNA read from the original DNA strand.

UUACGGUCACCAAGCGUG

4. Draw this RNA molecule.

5. What protein fragment would this mRNA code for?

leucine arginine serine proline serine valine

6. If the fourth nucleotide in the original DNA strand were changed from G to C, what would the resulting mRNA look like?

UUAGGGUCACCAAGCGUG

7. What would the resulting protein look like?

leucine glycine serine proline serine valine 

8. If a G were added to the original DNA strand after the 3rd nucleotide, what would the resulting mRNA look like?

UUACCGGUCACCAAGCGUG

9. What would the resulting protein look like?

leucine proline valine threonine lysine arginine

10. If the 8th nucleotide in the original DNA strand were changed from G to C, what would the resulting mRNA look like?

UUACGGUGACCAAGCGUG

11. What would the resulting protein look like?

leucine arginine

Activity B-4.8a - Genetic Mutation   

Directions: Use the following questions as an individual of group review.

1. There are several types of genetic mutations.  List two. What do they have in common?  How are they different?  Give an example of each.

2. A geneticist found that a particular mutation had no effect on the protein coded by a gene. What do you think is the most likely type of mutation in this gene?  Why?

3. Name one amino acid that has more than one codon. Name an amino acid that has only one codon 

4.   Look at the following sequence: THE FAT CAT ATE THE RAT. Delete the first H and regroup the letters in groups of three- write out the new groups of three. Does the sentence still make sense? What type of mutation is this an example of?

5. You have a DNA sequence that codes for a protein and is 105 nucleotides long. A frameshift mutation occurs at the 85th base- how many amino acids will be correct in this protein?

6. Given the following three mRNA sequences, 2 code for the same protein. Which two? 

#1.  AGU UUA GCA ACG AGA UCA 

#2   UCG CUA GCG ACC AGU UCA

#3   AGC CUC GCC ACU CGU AGU

7.   Below is the base sequence for the normal protein for normal hemoglobin and the base sequence for the sickle cell hemoglobin.

Normal GGG CTT CTT TTT

Sickle   GGG CAT CTT TTT

A. Transcribed and translate the normal and sickle cell DNA.

B. Identify this as a point or frame shift mutation.  Explain.

C. If the base sequence read GGG CTT CTT AAA instead, would this result in sickle cell hemoglobin? Explain

Activity B-4.8a cont. - Genetic Mutation 
ANSWERS

1. Base pair substitution and frameshift mutation. Base pairs are altered. In the first one a single base is substituted in other the base is either removed or added For the first, sickle cell anemia and second cystic fibrosis
2. Silent mutation – Even though the DNA is mutated the amino acid was the same due to degeneracy of the genetic code
3. Methionine and tryptophan has one codon. All the other 18 has multiple codons
4. TEF ATC ATA TET HER AT. No. Frame shift
5.  Twenty eight amino acids will be right
6. 2 and 3
7. normal - ccc gaa gaa aaa – proline-glutamic acid-glutamic acid-lysine

sickle -   ccc gua gaa aaa – proline-valine-glutamic acid- lysine

point mutation T is substituted by A

Need to be tested as changing lysine to phenylalanine might effect O @ binding or it might not.

Activity: B-4.8b - Venn Diagram

Please compare the consequences of mutations in body cells with those of mutations in gametes using a Venn Diagram.


[image: image12]

Mutations in Body Cells


Mutations in Gametes

Activity B–4.8c - Autosomal Disorders in Humans
Directions: Select the correct disorder from the table below for each symptom:
1) Sickled red blood cells, damage to many tissues.

2) Accumulation of galactose in tissues; mental retardation; eye and liver damage.

3) Dwarfism

4) Excess cholesterol in blood; heart disease

5) Lack of pigment in skin, hair and eyes.

6) Accumulation of phenylalanine in blood; lack if normal skin pigment; mental retardation.

7) Mental deterioration; usually strikes late in life.

8) Excess mucus in the lungs, digestive tract, liver, increased susceptibility to infections; death in infancy unless treated.

9) Mental deterioration and uncontrollable movements; strikes in middle age.

10) Lipids accumulation in brain cells; mental deficiency; blindness, death in childhood.

Disorders
	A) Achondroplasia
	F) Huntington’s disease

	B) Albinism
	G) Hypercholesteremia

	C) Alzheimer’s disease
	H) Phenylketonuria

	D) Cystic fibrosis
	I) Sickle-cell anemia

	E) Galactosemia
	J) Tay-Sachs disease


11.Which of the following disorders is most common among the Amish and Ashkenazic Jewish population?

A) Phenylketonuria

B) Cystic fibrosis

C) Cerebral palsy

D) Tay-Sachs disease

12.Which of the following traits is mediated by X-linked inheritance?

E) Hemophilia

F) Sickle-cell anemia

G) Blood type

H) None of the above

Activity B–4.8d cont. - Autosomal Disorders in Humans
Answer Key

1) I

2) E

3) A

4) G

5) B

6) H

7) C

8) D

9) F

10) J

11) D

12) A

Standard(s) Addressed: B-4 The student will demonstrate an understanding of the molecular basis of heredity.





Indicators: 


B-4.1: Compare DNA and RNA in terms of structure, nucleotides, and base pairs.





B-4.2: Summarize the relationship among DNA, genes, and chromosomes.





B-4.3: Explain how DNA functions as the code of life and the blueprint for proteins.





B-4.4: Summarize the basic processes involved in protein synthesis (including transcription and translation).








B-4.8: Compare the consequences of mutations in body cells with those in gametes. 
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