Advanced DNA 

http://learn.genetics.utah.edu/units/biotech/gel/

http://www.bergen.org/EST/Year5/DNA_finger.htm

http://www.nslc.wustl.edu/elgin/genomics/gsc/PaperPCR.pdf

Students will:

· Load and run a gel

· Determine the culprit based on this DNA

· Simulate PCR with a paper model 

Benchmarks: 

Life Science

CCG
Organisms:  Understand the characteristics, structure, and functions of organisms.

SC.03.LS.01
Recognize characteristics that are similar and different between organisms.

SC.05.LS.01
Group or classify organisms based on a variety of characteristics.

SC.05.LS.01.01
Classify a variety of living things into groups using various characteristics.

CCG
Heredity:  Understand the transmission of traits in living things.

SC.03.LS.03
Describe how related plants and animals have similar characteristics.

SC.05.LS.04
Describe the life cycle of an organism.

SC.05.LS.04.01
Describe the life cycle of common organisms.

SC.05.LS.04.02
Recognize that organisms are produced by living organisms of similar kind, and do not appear spontaneously from inanimate materials.

SC.08.LS.03
Describe how the traits of an organism are passed from generation to generation.

SC.08.LS.03.01
Distinguish between asexual and sexual reproduction.

SC.08.LS.03.02
Identify traits inherited through genes and those resulting from interactions with the environment.

SC.08.LS.03.03
Use simple laws of probability to predict patterns of heredity with the use of Punnett squares.

CCG
Diversity/Interdependence:  Understand the relationships among living things and between living things and their environments.

SC.08.LS.05
Describe and explain the theory of natural selection as a mechanism for evolution.

SC.08.LS.05.01
Identify and explain how random variations in species can be preserved through natural selection.

Materials:

· Permanent

· Goggles

· Exploring Electrophoresis & Forensic Student Kit
· 3 suspects DNA

· Crime Scene DNA

· 5 chambers with combs

· 10 alligator clips

· Carolina BLU final stain

· Syringes (micropipets)

· Micropipette tips

· Carbon filter paper

· TBE Buffer

· Argarose

· Weigh boat

· Video “how to”

· 5 student manuals

· 1 teacher manual

· Erlenmeyer flask
· Scissors 
· Consumable

· Replacement chemicals for kit

· 25 9 volt batteries

· Sequencing a Genome: Inside the Washington University Genome Sequencing Center Activity Supplement: Paper PCR (DNA Amplification)

· Copies of PCR paper models - 1 per 2 students
· PCR Student Directions
· Scotch tape

· Distilled water

· Food color

· Small bottles for food coloring

· gloves





Discussion:

This lesson plan is part three of three-parts in understanding DNA and how DNA fingerprints work.  Students have examined natural variation in a population, and this variation is inherited.  They investigated these variations are caused by changes in DNA, sometimes by a single point mutation.  In this last lesson, students load and run a gel, then read the results to determine the culprit.  While the gel is running, students explore how PCR works by paper modeling.  In the limited time available for after school programs, we don’t have the time to extract DNA and amplify it using PCR.  During a summer class, or an extended day class, it would be possible to purchase t Bio–Rad kit 166-2600EDU - Crime Scene Investigator PCR Basics Kit from (http://www.bio-rad.com) and follow the link to Life Science Education.  In addition, you would need to borrow:

· Horizontal gel electrophoresis chambers

· Adjustable micropipets 2–20 µl

· Adjustable micropipets 20–200 µl

· Pipet tips 2–20 µl

· Pipet tips 20–200 µl

· Microcentrifuges

· Thermal cycler

· Power supplies

I have not tested if the gel electrophoresis chambers would work with the Bio–Rad kit.  To be on the safe side, I would borrow everything to make sure the PCR works properly.

Overview of Activities:

Activity 1 

Before the class, you will need to prepare the gels.  They can be prepared well ahead of time, wrapped in plastic wrap and refrigerated.  Students will load the gel with the DNA and run the gel.  With 5 batteries per chamber, it will take the DNA approximately 1 hour to run.  You will need to move quickly through students loading the wells and starting the gels.  After the gels have started running, you can cover all of the material in the student manual.  Just let the students know there is a time constraint.  In order to finish, you have to hurry now and discuss later.

Activity 2

After loading the gel, while it is running, students simulate PCR using a paper model.  

Set-up for Class:

You will need to prepare gels before class.  To make well ahead of time, you can wrap in plastic wrap and store in a refrigerator.  Students work with a partner, but everyone participates with their own analysis

Set out for each pair of students: 

· Sequencing a Genome: Inside the Washington University Genome Sequencing Center Activity Supplement: Paper PCR (DNA Amplification)

· Copies of PCR paper models - 1 per 2 students
· PCR Student Directions

· 2 pair scissors

· Scotch tape

· 2 goggles

· DNA crime scene chemicals 

· 3 suspects 

· Crime Scene evidence

· Micropipets (or syringes)

· Pipet tips

· Gel chamber with gel placed inside

· Batteries

· Alligator clips

· Carbon filter paper (2 pieces)

· Student manual

· Little bottle with food coloring

Put in convenient location but away from students:

· Distilled water

· Gloves

· Buffer solution

· Carolina BLU Stain

Explore Electrophoresis Forensics Activity 1

Supplies:

· Goggles

· Exploring Electrophoresis & Forensic Student Kit
· 3 suspects DNA

· Crime Scene DNA

· 5 chambers with combs

· 10 alligator clips

· Carolina BLU final stain

· Syringes (micropipets)

· Micropipette tips

· Carbon filter paper

· TBE Buffer

· Argarose

· Weigh boat

· Video “how to”

· 5 student manuals

· 1 teacher manual

· Clean Erlenmeyer flask
· 25 9 volt batteries

· Distilled water

· Food color

· Small bottles for food coloring
· Gloves
· Student manuals
Discussion:

See Student Manual for discussion

Directions: 

Included are bottles of food color to practice with the micropipette before students use the DNA.

See Student Manual for directions.

PCR Modeling Activity 2

Supplies:

· Copies of PCR paper models 1 per 2 students
· Scotch tape

· Scissors

· PCR Student Directions

Discussion:
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Since fingerprinting came into use by detectives and police labs, many people believed its uniqueness can demonstrate guilt or innocence of a suspect.  However, did you ever think that a criminal can alter their fingertips by surgery?  It is a possibility due to improvement of medicine nowadays.  So what is next?  In 1984, forensic procedures took a huge step forward with the introduction of DNA Fingerprinting.  DNA, known as the blueprint of all life form, contains unique genetic information that is specifically present only in its own species.  Since DNA is extracted from any cell, tissue, and organ of a person, it cannot be altered by any known technique.  That is the beauty of DNA Fingerprinting over conventional fingerprinting methods.  Since its invention, DNA Fingerprinting has gained worldwide recognition and is being used not only in biological evidence by FBI and police, but diagnosis of inherited disorders, developing cures of inherited disorders and personal identification.  

The basic building blocks of DNA are the nucleotides.  It is made up of deoxyribose sugar, a phosphate group, and one of four nitrogen bases: Adenine, Cytosine, Guanine and Thymine.  These bases combine in very specific ways.  Adenine pairs only with thymine, and guanine pairs only with cytosine.  The information contained in DNA is determined by the sequence of base pair along the sugar phosphate backbone.  Different DNA sequences are what differentiate living organisms or characteristics because they provide the instructions used to build amino acids and link them together into protein.

In order to visualize DNA sequence with simple laboratory technique, DNA electrophoresis is used.  However, DNA Electrophoresis only works then there are enough number of DNA sequence regions.  This is where PCR (Polymerase Chain Reaction) comes in.  PCR was developed and still owned by Roche Molecular Systems, Inc. and F. Hoffmann-La Roche Ltd.  It is like xeroxing certain DNA regions.  Polymerases are enzymes that are present in all living organism.  Their roles are to copy genetic material, proofread, and correct the copies of DNA.  To ease your understanding, you can imagine DNA replication during the S phase of the cell cycle. After an enzyme attaches to the DNA, the DNA double helix is unwound into two single strands, a molecule of a DNA polymerase binds to one strand of the DNA.  Then, it begins to move along the strand, using it as a template for synthesizing a leading strand of nucleotides and as the strand is copied, the double helix closes once again.  The PCR process mimics this process.  It require a piece of original DNA to be copied, two different primer molecules to bracket the unwound DNA, individual nucleotides to be used as building blocks, buffer solution, and Taq DNA Polymerase.  Two different primers are used because one is complementary to one DNA strand at the beginning of the target region and a second primer is complementary to the other strand at the end of the target region.  

Under certain conditions, the region of DNA will amplify to very large quantity in short period of time.  The PCR mixture follows three repeated steps: denaturation, annealing the primer, and replicating the DNA.  
· The original piece of DNA is first denatured at 94-96oC.  The double stranded helix is separated into single strands.
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Primer is binding to each stranded DNA at a lower temperature, around 50-65oC.

· Temperature should be raised back to 72oC for DNA replication. 

· As amplification proceeds, the DNA sequence doubles each cycle.  Since PCR almost depends on temperature change, usage of a thermocycler is strongly recommended.  Three water bathes of 94-96oC, 50-65 oC, 72 oC are required prior to PCR experiment.  For 25-30 PCR process, students have to move a test tube back and forth 75-90 times.  It can be a very tedious job, and surely, it can induce some human error.  Therefore, using water baths are not suggested, yet it is still doable under a tight budget.  

· Following site has good insights of PCR Animation. 
http://www.dnalc.org/ddnalc/resources/shockwave/pcranwhole.html

Once enough DNA sample has been amplified, DNA electrophoresis can be done.  Electrophoresis is the process of moving molecules with electric currents.  Electric charge is transferred through the agarose gel.  DNA fragments process a slightly negative charge.  Similar to a magnet, opposite poles attract.  DNA fragments are repelled by the negative electrode and attracted to the positive electrode.  Thus, DNA fingerprinting is nothing but the trace left by certain DNA molecules.  Size and weight of each DNA fragments make distinct trace marks, and that is the beauty of DNA fingerprinting. 

After electrophoresis, methylene blue staining is conventionally used to stain the gel.  However, in order to increase visibility, special stains such as CarolinaBLU™ stain or QUIKView DNA Stain are acceptable to use.  Increased sensitivity, reduced background, and reduced staining time surely improve DNA electrophoresis process.

Directions:

Please see Sequencing a Genome: Inside the Washington University Genome Sequencing Center Activity Supplement: Paper PCR (DNA Amplification)

Materials:
· Permanent

· Goggles

· Exploring Electrophoresis & Forensic Student Kit
· 3 suspects DNA

· Crime Scene DNA

· 5 chambers with combs

· 10 alligator clips

· Carolina BLU final stain

· Syringes (micropipets)

· Micropipette tips

· Carbon filter paper

· TBE Buffer

· Argarose

· Weigh boat

· Video “how to”

· 5 student manuals

· 1 teacher manual

· Erlenmeyer flask
· Scissors 
· Consumable

· Replacement chemicals for kit

· 25 9 volt batteries

· Sequencing a Genome: Inside the Washington University Genome Sequencing Center Activity Supplement: Paper PCR (DNA Amplification)

· Copies of PCR paper models - 1 per 2 students
· PCR Student Directions
· Scotch tape

· Distilled water

· Food color

· Small bottles for food coloring

· Gloves
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