	INVESTIGATING DNA

DNA EXTRACTION, POLYMERASE CHAIN REACTION, 

AND GEL ELECTROPHORESIS

	KEY CONCEPTS
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	· The focus of this project is to investigate the structure and function of DNA within the cell.  

· You will learn to extract DNA from oral epithelial cells collected by a spit sample 

· You will learn how to prepare your DNA for amplification using the PCR process

· You will learn how to use a wide range of equipment specialized for use in the extraction of DNA, PCR, and gel electrophoresis

· You will learn how to inoculate gels for electrophoresis 

· You will be able to explain the manner in which DNA is separated through the gel electrophoresis process

· You will learn how to interpret gels following gel electrophoresis  

	BACKGROUND INFORMATION
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	· You will be working individually and in teams on throughout this project.  Remember, you must be prepared for each step in the process.  It is your responsibility to complete all assigned reading in your text and in the packet in preparation for each step in this process.

· Make sure that you have your assignments associated with this project completed on time.  Your grade will depend upon the time and effort that you put into this project.

· Follow the assigned syllabus and make sure that the required reading assignments and review sheets are completed on time with the laboratory work. 

	SYLLABUS

DNA AND YOU
	LABORATORY FOCUS
	READING ASSIGNMENTS AND TEXT LINKS

	DAY 1
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	· During DAY 1, the following activities will be completed:

· Practice using the micropipettes

· Complete a practice gel electrophoresis

· Discuss key components of DNA extraction from cells
	Reading assignments:

· Pages 248-250 Mendelian model of inheritance

· Pages 286-293 DNA structure and replication patterns

	DAY 2
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	· During Day 2, the following activities will be completed:

· Students will extract DNA from oral epithelial cells collected from a spit sample

· Students will prepare their DNA for amplification through PCR using primers for Alu TPA-25
	Reading assignments:

· Page 272 an excellent explanation of the PCR process

· Also read the information in this packet concerning PCR

	DAY 3
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	· During Day 3, the following activities will be completed:

· Students will pour gels for gel electrophoresis

· Students will practice loading gels

· Students will load gels 

· Students will observe gels and note their genotype later in the day


	Reading assignments:

· Page 377 an excellent graphic and brief explanation of DNA fingerprinting

	DAY 4
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	· Students will test corn products for the Bt toxin using the materials provided by the van program.

· Students will discuss RFLP, restriction enzymes and bacterial plasmids
	Reading assignments:

· Pages 364-369 an excellent explanation of restriction enzymes 

	DAY 5
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	· Students will prepare DNA for  amplification resulting from PCR with D17S5 primers.

· Students will review PCR and the chemistry behind the replication of specific regions of DNA during PCR
	Reading assignments:

· Review information on page 372 concerned with PCR

· Also review all information focused on PCR within DNA project notebook

	DAY 6
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	· During Day 6, the following activities will be completed:

· Students will pour gels for gel electrophoresis

· Students will load gels 

· Students will observe gels and note their genotype later in the day-(specific time and pass provided) 
	Reading assignments:

· Page 377 an excellent graphic and brief explanation of DNA fingerprinting

	DAY 7
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	· During Day 7, the following activities will be completed:

· Students will study gels using photographs taken of the gels

· Students will determine allele frequencies for “Alu” results and D17S5
	Reading assignments:

· Pages 377-382 an excellent discussion of DNA fingerprinting and other applications for DNA technology

	DAY 8
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	· During Day 8, the following activities will be completed:

· Students will study gels using photographs taken of the gels

· Students will determine allele frequencies for “Alu” results and D17S5
	Reading assignments:

· Pages 377-382 an excellent discussion of DNA fingerprinting and other applications for DNA technology

	DAY 9
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	· During Day 9, the following activities will be completed:

· Students will work through applications for Hardy-Weinberg theorem 

· Students will apply their knowledge of Hardy-Weinberg through the completion of the Jellybean Genetics activity
	Reading assignments:

· Pages 390-402 an excellent explanation of Hardy-Weinberg equilibrium and an introduction to population ecology

	DAY 10
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	· During Day 10, the following activities will be completed:

· Students will work through applications for Hardy-Weinberg theorem 

· Students will apply their knowledge of Hardy-Weinberg through the completion of the Jellybean Genetics activity
	Reading assignments:

· Pages 390-402 an excellent explanation of Hardy-Weinberg equilibrium

	DAY 11
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	· During Day 11, the following activities will be completed:

· Complete emphasis on Hardy-Weinberg


	Reading assignments:

· Pages 390-402

	DAY 12
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ALL ABOUT DNA 

STRUCTURE 

AND 

FUNCTION

This diagram shows DNA in the nucleus of a eukaryotic cell.  

Note the coiled structure of this molecule. 

Remember, the sequence of nitrogen bases is the manner in which DNA can be used to generate specific proteins within the cell. 

As the diagram to the right indicates, three sequential nitrogen bases or triplets in DNA will be transcribed into a codon of messenger RNA.  

Since DNA cannot leave the nucleus, messenger RNA carries the genetic code to the ribosome for translation.  The sequence of nitrogen bases in mRNA will determine the sequence of amino acids in the resulting protein. 
	· During Day 12, students will complete the following:

· Sammy the Vampire Slayer activity

· Students will determine errors in the short story focused on the events in the proce
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Introns are segments of DNA that do not code for amino acids and will be cut out of the primary mRNA transcript before translation at the ribosome.

Exons are segments of DNA that will be expressed when mRNA is translated into protein at the ribosome.


	Reading assignments:

· Pages 116-120 review concepts associated with osmosis and diffusion

	OVERVIEW OF PCR

	HOW THE POLYMERASE CHAIN REACTION WORKS
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Remember that DNA has complementary base pairs  ADENINE GUANINE THYMINE

CYTOSINE

Complementary bases pairs are:

A-T

G-T

There are two hydrogen bonds between Adenine and Thymine and three hydrogen bonds between Guanine and Cytosine
	· The polymerase chain reaction (PCR) has revolutionized the way people view molecular biology.  The PCR process was devised by Kary Mullis in the 1980’s.  The PCR process is a simple and powerful way to harness the properties of DNA replication to replicate only specific regions or loci of DNA.

· The basis of PCR:

· Requirements for  PCR amplification includes primers that are made up of single-stranded DNA molecule consisting of 20 to 30 base pairs.  The region to be copied is defined by the region between the two primers.  The primers used are complementary to the regions of the genome that flank the segment of DNA to be amplified.  Each of the two primers is designed to bind to each of the two strands of the double stranded DNA.

· Temperature variation is used to regulate the PCR process.  Temperature variations include the following:

· The first step in terms of temperature variation functions to DENATURE the DNA.  Hydrogen bonds between the nitrogen bases of the DNA molecule are broken when additional energy is applied to the system.  The DENATURING temperature is approximately 95o C.

· The second step in temperature variation involves the annealing temperature.  At this temperature, between 50-60oC, the primers will anneal to the DNA template and define the region of the genome to be replicated by the PCR process.  The segment of DNA between the primers remains single stranded and open to the action of DNA polymerase and the addition of complementary nucleotides during the replication process.

· The third step in temperature variation involves the function of the DNA polymerase.  Then polymerase enzyme becomes functional at a temperature range between 68-72oC.  Remember that new DNA nucleotides can only be added to the 3’ end of the primers.  

· The PCR cycle is repeated 25-40 times with the number of DNA molecules doubling at each cycle.  After 30 cycles, 230 molecules or approximately 1,000,000,000 copies will be present assuming no components are limiting the reaction.   


	POLYMERASE CHAIN REACTION

	KEY CONCEPTS
	· The diagram on this page focuses on the PCR process.  Note the manner in which the DNA molecule is replicated throughout this process.

	PCR PROCESS

Note the diagram to the right, you will note that the primers function to define the region to be amplified.  

Initially the first segments copied are very long.  The region of replication  shortens as the replication process continues.

Note the increase in DNA segments as the PCR process continues.

[image: image17.wmf]
	[image: image18.png]POLYMERASE CHAIN REACTION

1
DA is denatured. Primers attach
2 each strand. A new DIA strand

o Is synthesized berind primers on

each ternplate strand.

D region o inevest,

e o
"
Fccs
imer =
2 B 4
At roundONAs  Another roundi A Anotherround: N s T
Ganataed s are b denured s dentured pimers
et e e e e st o the SR
o oD ot oA ot oA
o a i, wameduked v aedued g
s
Continued rounds of ampification swiftly produce T
e mmbers o el fogment. Each e

fragment contains the DA regian of nterest.





	A BRIEF REVIEW OF DNA STRUCTURE

Note the structure of the DNA molecule diagramed on the left.
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	INTRODUCTION TO  GEL ELECTROPHORESIS

Make sure that you are familiar with the equipment and how it will be used throughout this project.

This is actually an experiment that we are conducting to investigate the manner in which substances can be separated utilizing gel electrophoresis.

The assignment here is quite simple:

You will be expected to write an experimental design for this investigation including:

HYPOTHESIS

INDEPENDENT VARIABLE

DEPENDENT VARIABLE

PROCEDURE
	PURPOSE

The purpose of this activity is to familiarize you with electrophoresis and the use of key equipment to this process such as micropipettes and gel boxes.  

EQUIPMENT
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Your team will be using the following equipment:

· Gel boxes – bumpers – gel combs – power supply

· Balance

· Yellow pipettes

· Microwave or hot plate

· Flask for mixing gel solution

SUPPLIES
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· Regular agarose 

· 10X TAE buffer solution

· loading solution

· chroma-track solutions

· yellow pipette tips

· graph paper

PROCEDURE

This is the procedure for the experiment,  you will be expected to develop your own procedure based upon the information that is stated in this section of the lab book for the DNA and Biotechnology Unit.

This information must be recorded in your own words.  Think about what you are going to do and how you are going to do it.

· Prepare 1X TAE buffer by adding 10X TAE buffer to 900 ml super water.  Use the 1X TAE buffer for making and running the gel

· Your class will make the gel necessary for the activity

· For each gel use .36 g of regular agarose and 30 ml 1X TAE.   Follow directions given by your teacher to set up the gel boxes.

· Boil the gel solution until all of the agarose is completely dissolved.

· Allow the agarose solution to cool until it is approximately 60oC or just warm to the touch

· Pour the gel into the gel box and allow it to cool, approximately 30 minutes are required for appropriate cooling and setting of the gel

· Once the gel has been set, you will be following the procedure below to inoculate the gel with the chroma-track solutions.

· Pour refrigerated 1X TAE over the gel

· Use a yellow pipette to load the gel with dies.  The dies used will contain a mix of different colors and the purpose is to separate the dies.  

· The dies, like DNA are negatively charged and, therefore, will be attracted to the positive electrode.  This means that the gel must be positioned correctly in the gel box.  

· Make sure that the wells or depressions in the gel are located at the black end of the gel box.  The black end is the negative terminal and the red end is the positive terminal.  

· You will load the dye solutions using the yellow pipettes.  You will follow the instructions provided by your teacher.  Remember that this is a critical step, if the gel is not loaded correctly, the results will be questionable.  

· You will load 15 microliters of dye solution to each well that is loaded during this activity

· Remember that you are loading the gel through the buffer liquid that is covering the gel and the wells.



	DEVELOPING ENTRIES FOR YOUR ADVANCED PLACEMENT LAB BOOK

1-Statement of 

   problem

2-Hypothesis

3-List of materials

4-Procedure

5-Data 

6-Data – graph,

   chart, table

   organization

7-Conclusion

Remember that you will be expected to record the information described in the panel to the right in your lab book.

Your grade will be determined by the quality and integrity of your lab reports for this unit in the class.
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	· When you are conducting a laboratory investigation in this class, you must have written your experimental design before beginning the investigation.  So what should your experimental design include?  Check this list out:

· Your experimental design should begin with a brief problem statement.  This is really key to your work since you should be very clear on the problem that you are investigating before you begin your investigation.  Look at it this way, if you worked for 3M Corporation and you were conducting an investigation into adhesives, the focus of your investigation would have to be very clear to ensure that your data provided the best, most effective solution to the problem you were asked to solve.  

· The second step is a hypothesis that identifies the cause and effect relationship that you intend to investigate.  The best way to approach this is with an “IF, THEN” statement.  

· SAMPLE HYPOTHESIS:  If thirty samples of amylase enzyme are heated to three temperatures ranges that are 40oC,  70oC and 100oC, then enzyme effectiveness measured by reaction speed will diminish as the temperature rises above 40oC.

· A list of the necessary equipment is key to success at this point.  If you are not sure of what you will need to conduct your investigation, carefully read the directions provided and include a detailed list of all necessary materials.

· A clear procedure should be written in brief bulleted statements to clarify each step of the process so that mistakes are unlikely and you and your team are clear on the process and the steps that must be taken to provide you with a successful outcome.

· Recording the data during an investigation is an absolute necessity.  You should record all of your data in a data book (a theme or composition book is required in this class).  Data can be recorded in your lab book as you do the laboratory or you can take notes on scratch paper and put it in later.  Keeping  detailed records of all laboratory work completed can serve as an outstanding  reference for more extensive reports later. Remember that you should not commit anything to memory. Your data book is a record of all procedures, thoughts, etc…. while doing an experiment. It doesn’t have to be perfect. You will use it to remember what you did. 

· Remember to organize your data into tables, charts, graphs, or flow charts.  Data should be clear and well organized so that the interpretation of your data is accurate.  A graph is not the last step in the process; a detailed summary of the data that includes an analysis should also be included in the results that you gather during the investigation.

· Your conclusion should explain your findings and reference both the data gathered and the hypothesis that guided the investigation.  In other words, was your hypothesis supported or refuted by your data.  Remember, we cannot “prove” anything with just one investigation.  The conclusion should also show a direct relationship to the purpose of the investigation and any inconsistencies are concerns about the integrity of your data should be addressed at this time.  Possible sources of error should also be addressed at this time.  

· Do not forget to identify your sources.  You should have a minimum of three references for a formal lab report in this class.  Check the sample bibliography in your handbook for clarification.




	HUMAN DNA

TYPING BY POLYMERASE CHAIN REACTION

	KEY CONCEPTS
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	· Explain the process of PCR 

· Explain the make up and role of primers in the process of PCR

· Explain polymorphisms and the importance of these DNA sequences in DNA fingerprinting.

· Explain how PCR and gel electrophoresis can be used to distinguish between individuals.

	DNA & HUMAN CHROMOSOMES

[image: image24.png]


[image: image25.png]



Remember the movie GATTACA-DNA was used to develop and maintain an identity for each citizen.
	· DNA from all human chromosomes is very similar from individual to individual.  Actually humans are far more alike genetically then they are different.    Humans actually differ by no more than 0.1% in the base sequence of their DNA.  

· Some regions of human DNA are more diverse than others.  This is particularly true of noncoding regions of DNA.  Remember that noncoding regions of human DNA are known as INTRONS if these noncoding regions are located within a functional gene.

· These variable sequences of the human genome are terms “polymorphic”  (Greek for “many forms”) meaning that vary within the human population.  The variability can be sampled to provide a unique DNA pattern or fingerprint that can be used to distinguish between individuals.  

· Examples of applications for this technology can be seen in the Simpson trial and Monica’s infamous dress.  In each case forensics utilized DNA fingerprinting to identify a specific person.  In the Simpson case, blood was used and in the Clinton case, semen was used.

	USEFUL POLYMORPHISMS
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Applications for DNA fingerprinting.

Just as fingerprints are unique, you inherit a specific number of repeats from each parent.,
	· Human DNA contains many simple sequence repeats such as (CA)n, that are scattered throughout the genome.  The number of CA repeats at a given chromosomal site differs from individual to individual.  This means that the length of the variable site will be different in different individuals.

· The usual microsatellites used in forensic PCR has a repeat unit of 4 basepairs, because the PCR enzyme makes fewer errors copying these sequences than dinucleotide repearts.  

· Another type of repeat unit is the VNTR (Variable Number of Tandem Repeats) consists of a somewhat longer sequence usually 15-40 basepairs.  We will use a VNTR locus in our fingerprinting investigations during this unit.  

· The locus we will investigate is D17S5, on chromosome 17.  In this sequence, the repeat unit consists of 70 basepairs.  

· Another example of a VNTR is known as D1S80.  This VNTR is found on chromosome 1 and it was one of the VNTR sequences used for the Simpson trial.  This VNTR has a repeat sequence of 16 basepairs and most people have “alleles” consisting of 14 to 40 repeats.  

· Even though the VNTR’s that we have discussed are not coding sequences of our DNA, they are still inheritable and referenced as “alleles”  for that reason.  The inheritance pattern is Mendelian.  Therefore, you may have inherited 20 repeats on the chromosome 1 inherited from your Mom and 31 repeats on the chromosome 1 inherited from your Dad.  With this kind of variability, a DNA fingerprint is a real possibility.

· Population geneticists have found 29 different alleles of D1S80, some of which may be relatively common in the general U.S. population, and others which may be fairly rare.  Allele frequencies will differ somewhat from one ethnic group to another.  Approximately 90% of individuals are heterozygous for D1S80.



	METHODS OF ANALYSIS
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RFLP

Restriction Fragment Length Polymorphism

Southern Blot

PCR

Polymerase Chain Reaction
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DNA fingerprinting

This process is used to determine identity by matching the length of specific DNA fragments resulting from RFLP or PCR processes.
	· Two methods are used to analyze human DNA found at a crime scene:

· One method is known as RFLP and requires a process known as Southern Blotting

· Another method is  known as PCR

· The RFLP (Restriction Fragment Length Polymorphism) is used when the supply of DNA is large and reliable.  

·  A variation in sizes of DNA seen after cutting with restriction enzymes.  The restriction enzymes cut the DNA at very specific sites.  For example the enzyme known as EcoR1 restriction enzyme cuts DNA wherever the enzyme finds the sequence of nitrogen bases GAATTC.  

· An example of this technology would be as follows:

· DNA before exposure to the EcoR1 enzyme would look like this AATCTAGGGAATTCACAGCGATGCGAATTCGCAATTAGTT   Notice the underlined regions of the DNA strand.  These are the sequences that the enzyme EcoR1 will identify and cut between the first G and A in the sequence.

· Now notice the same strand of DNA after being exposed to the enzyme EcoR1:   

· AATCTAGGG - AATTCACAGCGATGCG - AATTCGCAATTAGTT

· As you can see, the EcoR1 enzyme has cut the DNA strand of  40 nitrogen bases into three shorter strands with 9, 16 and 16 bases respectively.

· The reason that this technology is important in identification of DNA is that the location of the specific sequence of nitrogen bases identified by the enzyme will vary from individual to individual, resulting in segments of varying lengths 

· The term Fragment Length Polymorphism references segments of DNA of varying lengths.  This process DOES NOT involve the amplification of DNA and therefore, can only be done if there is ample DNA available.

· The Southern Blot method is a means of observing the band length following the action of the restriction enzyme (EcoR1) 

· The PCR process is very different from RFLP.  Unlike the RFLP process, PCR can be used with a very small amount of DNA or even damaged DNA.  

· The PCR process requires the DNA polymerase enzyme to replicate regions of the DNA identified by specific primers.  Each primer is between 20 to 50 base pairs in length

· The primers used for PCR will determine the locus to be amplified during the PCR process.  Remember that primers are unique sequences of DNA that flank the locus of interest.  

· Since specific loci can be amplified during PCR, the quantity of template DNA can be very small, therefore, very small samples can be taken from blood and tissue samples discovered at a crime scene or from bones and teeth.

	 HARDY WEINBERG

GENE FREQUENCIES

Check your text pages 392-397 for additional information
	· What is the value of all of this information concerning human genetics.  One must consider the human gene pool before considering the frequencies of alleles within the gene pool.

· So, what is a gene pool?

· A gene pool is the sum total of all genes in the genotypes of all individuals within the population. 

· Why is the concept of a gene pool so important?

· The frequencies of specific alleles in the gene pool of a population determines the composition of genotypes.  

· The gene pool includes:  a) the kinds of alleles present, and  b) the frequency of those alleles within the population

	MORE ON HARDY WEINBERG

ALLELE FREQUENCY
	· Allele frequency references the frequency of alleles at one locus within a population.

· This concept of allele frequency within a population is very important because:

· Allele frequency identifies the genetic relationship between generations of a species (this relationship is analogous to the relationship between parent and offspring)

· Allele frequencies rather than genes are inherited by populations.  In other words, the population is a larger stage on which to observe the impact of allele frequencies.

	HARDY WEINBERG 

A MATHEMATICAL

DEFINITION OF ALLELE FREQEUNCY

Remember that alleles are contrasting forms of a single gene.

For instance the gene for height in pea plants has two forms.  One form is known as the “dominant” allele and is most effectively transcribed and translated into a functional protein whereas the “recessive” form is actually a mutated allele that is not transcribed or translated as well and is only expressed when in the homozygous form.
	· Suppose that for a certain trait at a specific autosomal locus there are two contrasting alleles (forms of the trait) that can be inherited from parents by offspring.  We can allow the contrasting forms of the alleles to be represented by the letters “B” (this allele codes for the dominant or most readily expressed form of this trait) and “b” (the mutated or least effectively expressed form of this trait).  

· As you already know, there are three possible inheritance patterns for this trait in offspring and they are “BB”,  Bb,  and  bb.  

· Imagine that you have assembled a large sample of individuals from the population and you count the individuals to get a sample size for your population (allow N to represent the size of your population).  Let’s also assume that you can also determine the number of individuals with the following genotypes:

· BB  n(1)

· Bb n(2)
· Bb n(3)

· If you allow P to represent the dominant allele (B) and Q to represent the recessive allele b, then you can construct the following:

· Since there are only two alleles that determine the expression of the trait coded for at this particular locus, the following formula would be true:

· P   +   Q   =   1

· BB could also be represented by P2
· bb could also be represented by Q2
· Bb could also be represented by PQ (there are two inheritance pathways for this genotype; the dominant allele could have been inherited from mom or from dad.  Therefore, PQ is actually not an accurate reflection of this inheritance pattern since there are two pathways for inheritance.  To illustrate the two pathways for inheritance 2PQ would be used.

· These three pathways add up to one since they are the only possibilities for inheritance at this locus.  The formula would be:

· P2  +  2PQ  +  Q2  =  1

	DETERMINING ALLELE FREQUENCIES
	· The Hardy Weinberg principle can be used to determine frequencies for each of the alleles present in the population for a certain trait.  

· An example would be:

· If you know the frequency of the recessive genotype (Q2) within the population, take the square root of that number to determine the frequency of the recessive allele or (Q); the formula Q = 1 + P or P = 1 + Q can be used to determine the frequency of the other allele.

· Genotype frequencies can be determined by manipulating the frequencies; for example, to determine the frequency of the heterozygous genotype multiply the frequency of the P allele times the frequency of the Q allele and multiple the product by 2 (there are two potential inheritance pathways for that genotype).

	ISOLATION OF CHEEK CELLS

	INTRODUCTION
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	· In this exercise, each student will isolate DNA from his or her cheek cells (this can be called “mouthwash DNA”); this DNA will later be amplified by the polymerase chain reaction process or PCR.  

· Cheek cells will first be collected by rinsing out your mouth with a saline solution (remember, we want to maintain an isosmotic environment for the cheek cells that we harvest today).  By keeping the cells in tact in an isosmotic solution  we are able to prevent the cells from bursting and releasing DNA at the wrong time.  When the cells are placed in the hot water bath, the cell are disrupted and the DNA (now denatured and in single stranded form) is extracted in water.

	EQUIPMENT
	Clinical centrifuge                                                 Blue  pipettes

Boiling water bath                                                 Microtube floater rack

	SUPPLIES
	15 ml conical centrifuge tubes                              Paper cup

1.5 microcentrifuge tube                                      Ice bucket

Latex gloves                                                         Forceps

	REAGENTS
	10 ml of 0.9% w/v saline (NaCl) in distilled water

10% chelex suspension (ion-exchange resin)

	KEY CONCERNS
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	Once cheek cells have been collected into saline, it is important to spin and concentrate them as soon as possible before the cells begin to burst.  We will work with only six samples at a time.  This means that you will be placed in teams and your team will be called to collect DNA at a specific time, pay attention and follow directions-a mistake today can impact the rest of the lab.

	PROTOCOL
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Make sure to follow the procedure very carefully.  The accuracy and clarity of your results will reflect the accuracy of your protocol during the experiment.

Take your time to make sure you are following the directions.


	· Write your initials CLEARLY on the 15 ml centrifuge tube containing sterile saline, on the paper cup, and on two 1.5 ml microcentrifuge tubes (label the tops and the sides.

· When your team is told to begin (AND NOT BEFORE) pour all of the saline solution from the tube into your mouth, slosh it around vigorously for 10 seconds, and expel the solution into the paper cup.

· Pour the solution back into the 15-ml centrifuge tube4, and immediately place it into the clinical centrifuge.

· Spin cells 10 min at maximum speed in the centrifuge-you will notice that a small, white pellet will form at the bottom of the tube.

· Being careful not to disturb the pellet, pour the supernatant into the paper cup.  Try not to tip the tube back and forth; this will resuspend the pellet and lose cells.  Remove as much supernatant as possible;  stop pouring when you notice that the pellet is beginning to break up.  (You can remove additional supernatant with a pipette)

· Use a 1000 micropipette set at 500 microliters to pipette the Chelex suspension up and down to resuspend the tiny beads in the Chelex.  After you have mixed and resuspended the latex beads in the Chelex sample and pipette 500 microliters into your cheek cell pellet.

· Mix the Chelex and the cheek cells by pipetting the mixture up and down  and close the microtube carefully and make certain that the cap is closed and that your initials are on the outside of the container.

· Place your tube in the floater rack in the boiling water bath for 10 minutes. Make sure that you keep track of the time-remember this is a sensitive procedure and errors in timekeeping will have a negative impact on the outcome.

· Remove the microtube from the hot water bath when the 10 minutes has elapsed with a pair of forceps and place the tube in ice for 1 minute.

· Using a 1000 microliter pipette (blue pipette) transfer 200 microliters of supernatant to a clean, labeled 1.5 microcentrifuge tube.  Place on ice or in the freezer until you are ready for PCR.  This is your DNA sample

	DNA EXTRACTION FROM SALIVA

	DIRECTIONS
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	· This is the first portion of the lab book that you will keep during these experiments.  The purpose of this document is:

· To rewrite the protocols in your own words so that the steps will be clearer and easier to follow

· To keep a log of your observations and results from the experiments completed

· To enhance your understanding of DNA science and the role this powerful technology will play in the future

	PROBLEM STATEMENT
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	· Clearly identify the problem to be solved in this experiment.  



	MATERIALS REQUIRED

[image: image34.wmf]
Read the information carefully!
	· List all necessary equipment required for this experiment:

· List all necessary reagents required for this experiment:

· List all necessary supplies required for this experiment:



	PROTOCOL
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Make sure that your sequence is accurate.  Pay attention to detail here!!

Use this space to include diagrams of the steps you will be taking.


	· Carefully list all of the steps for this experiment.  Make sure that the sequence is accurate:



	OBSERVATIONS
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For additional information check the packet provided and Chapter 18 in your text.

Complete your responses on the back of this sheet.
	· Why was a saline solution used to collect the buccal cells?  Relate your answer to the tonicity of the solution used and the tonicity of the cytosol.

· The addition of chelex is an important step in this procedure.  Explain the role of chelex and why excluding this step would impact the results of the PCR process.

· Could distilled water have been used to collect the buccal cells?  Explain your answer.



	· Why was a saline solution used to collect the buccal cells?  Relate your answer to the tonicity of the solution used and the tonicity of the cytosol.

· The addition of chelex is an important step in this procedure.  Explain the role of chelex and why excluding this step would impact the results of the PCR process.

· You placed the cells in a hot water bath then in an ice bath.  What is the purpose of heating and cooling the DNA 



	KEY TERMS

	HYPOSMOTIC
	

	HYPEROSMOTIC
	

	ISOSMOTIC
	

	OSMOSIS
	

	DIFFUSION
	

	PLASMOLYSIS
	

	CYTOLYSIS
	

	ELECTROLYTES
	

	PLASMA MEMBRANE
	

	NUCLEAR DNA
	


	PCR AMPLIFICATION WITH TPA-25 PRIMERS

	INTRODUCTION
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If you are Alu present, then you have a 400 basepair sequence that will be copied during PCR (the primers are critical since they will determine the region to be copied.  The region copied lies between the two primers.
	· The part of your DNA that actually codes for amino acids or proteins is actually only about 5% of your total chromosomal DNA or genome.  The remaining 95% of the DNA possessed by all of the cells in your body consists of long stretches of noncoding DNA between genes and also of “introns” or noncoding regions of DNA within genes.

· Much of this noncoding DNA is thought of as “junk DNA”, in that it does not impact your phenotype (does not affect the expression of the gene).

· An example of junk DNA would be the 500,000 copies of a 300 basepair sequence of DNA called the Alu sequence.

· The junk “Alu” DNA actually makes up approximately 5% of genomic DNA or as much as all of the coding regions or our genes put together.

· The presence of the Alu sequence in our chromosomes is the result of an ancient retrovirus  which once infected our ancestors.  The virus is similar to the AIDS virus in that is an RNA virus capable of using the enzyme “reverse transcriptase” to make DNA copies of viral RNA.  The DNA copies were then inserted into the genome at random locations and one of these location is in the TPA gene.

· Inheritance is Mendelian in that you inherit one homologous chromosome from each chromosome pair from each parent.  Therefore, there are two inheritance possibilities:

· Alu present (the 300 basepair Alu sequence is present in your genome)

· Alu absent (the 300 basepair Alu sequence is absent from your genome)

· There are three possible outcomes for inheritance:

· Homozygous for Alu present (+/+)

· Heterozygous (+/-)

· Homozygous for Alu absent (-/-)

	TPA-25 

FOCUS ON CHROMOSOME # 3

Note the PCR process in the upper portion of the frame.  Primers represented by bold arrows.  

The Alu sequence is present in the maternal chromsome and absent in the paternal chromsome.


	














	EQUIPMENT
	· Thermocycler  microcentrifuge, yellow pipette

	SUPPLIES
	· Yellow pipette tips, gloves, two cycler tubes, cups, ice

	REAGENTS
	· Your DNA (must be on ice), Alu PCR mix (must be on ice)

	PROTOCOL

Read the information carefully and complete your lab write-up in this notebook.

Remember that you are responsible for this work.  Your notebook will be collected on the date that has been identified and is listed on the assignment list.  Please be prepared, late work will NOT be accepted. 
	· Label a PCR tube with your initials.  Remember to label both the SIDES and the TOP of the tube.

· Set up a reaction as follows (make sure to keep all reagents on ice
REAGENT

VOLUME

Alu PCR Mix (in tube)

27 microliters 

Your DNA

3 microliters

· When adding your DNA to the reagent in the microtubes provided, pipette the 3 microliters on to the side of the tube interior.  The reason for this is so you can verify that this small quantity of DNA has actually been added to the PCR mix.

· After adding your DNA to the tube, gently mix by placing in the microcentrifuge.  You must balance the microcentrifuge, follow instructions provided by instructor.

· Place tube in rack and secure the lid by pushing the lid down gently but only when the microtube is in the rack so your tube does not break or crack.

· Your teacher will have already prepared the thermocycler by running the warm-up program.  

· Record the sequence of microtubes in the loading rack of the thermocycler 

· Remove microtubes at the end of the PCR program and freeze if you will not be using gel electrophoresis immediately.


	EXPERIMENTS WITH DNA:  

PCR AMPLIFICATION WITH TPA-25 PRIMERS

	KEY CONCEPTS


	· This is the second step in the DNA experimentation with the materials and equipment from the University of Missouri at Columbia.  

	PROBLEM
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	· Identify the problem in this experiment.  



	MATERIALS
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	· Identify the necessary equipment for this experiment:

· Identify the reagents necessary for this experiment:

· Identify the supplies necessary for this experiment:



	PROTOCOL

[image: image40.jpg]



In the space to your right, list the sequential steps of the protocol for this experiment.

Remember this will be the protocol that you will follow, make sure that it is accurate and easy to follow.
	

	OBSERVATIONS
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DIRECTIONS:  Make sure that all of your answers are in complete sentences and write all answers in your theme book.

Use the websites identified in your lab manual to research more information on this and other topics related to biotechnology.  

Make sure to include all of your responses in your theme book.  Label your responses with the appropriate activity so that points will be accurately assigned.


	1. Explain how the process of PCR results in the replication of only specific regions of the genome.  Why is the entire genome not replicated during this process?  (use a diagram and an explanation to illustrate the process-your response should be in your theme book)

2. What materials are included in the PCR mix used for this process.  Which of these materials would act as limiting factors for the PCR reaction?  Explain your answer.

3. Why is such a small amount of template DNA used for this process?  The RFLP process requires much larger quantities of high quality DNA.  Why can PCR function with only small quantities when RFLP requires so much more DNA?

4. What is actually occurring during the cycles of PCR?  Remember to include an explanation of the relevance of temperature to the cycles.  Also include a brief discussion of the use to Taq polymerase from bacterial organisms in this process.



	A QUICK REVIEW OF THE HISTORY OF GENETICS

	BACKGROUND INFORMATION
	Genetics is one of the most rapidly advancing sciences to date.  However, scientific discoveries were made by many researchers that resulted in our present understanding of the structure and function of the DNA molecule in all forms of life.  Read through this timeline to gain an understanding of the birth and development of the science of genetics.  Who knows what this timeline will look like in one-hundred years in the future.

	1859
	Charles Darwin publishes the Origin of the Species.  In this work, Darwin introduces natural selection as the means of evolutionary change within populations.  Simply put, his ideas are that the organisms most adapted to the environment will be most likely to survive and reproduce successfully, thereby passing  on their genes to the next generation.  

	1866
	Gregor Mendel, an Austrian monk, publishes his data on inheritance gathered from experiments completed with pea plants.  Mendel developed three laws to explain the patterns of inheritance observed during his research.  His work was largely ignored until after his death.  Because of his research, Mendel is often called the “Father of Modern Genetics.”

	1882
	German Biologist, Walter Fleming, discovers rod-shaped bodies in cells that he stained with dyes for enhanced observation.  Fleming was not sure of the purpose of these rod-shaped structures within the cell, however, he named them “chromosomes”.  The term is still used today to reference genetic material.

	1902
	Walter Sutton was an American biologist.  His work provided proof for Mendel’s laws of inheritance.  Sutton demonstrated that chromosomes exist in pairs and that Mendel’s “factors” actually exist on the chromosomes.  Sutton’s work also demonstrated that chromosome pairs are separated when gametes or sex cells are formed.

Archibald Garrod discovered that alkaptonuria, a form of arthritis, is inherited in families as a recessive trait from parent to child.  Mendel’s work predicted the inheritance pattern for this disorder.

	1909
	Wilhelm Johannsen coins the term “gene” to reference a “factor” in Mendelian inheritance.  The terms genotype and phenotype were also proposed by Johannsen to distinguish between one’s genetic make-up and appearance.  

	1915
	Thomas Hunt Morgan was an American geneticist.  Morgan is best known for his work The Mechanism of Mendelian Heredity, in this work he presents the results of research completed with fruit flies that proves that genes are actually found along chromosomes.  Morgan realized that genes that were located on the same chromosome could be described as “linked” since they were inherited together as a unit.  He also noted that the distance between alleles on a chromosome determined if they would be inherited together or separated during crossing over.  Morgan’s work provided the basis for gene mapping.

	1944
	Oswald Avery, Colin MacLeod, and Maclyn McCarty publish the results of their independent research and provide supporting evidence that in bacterial organisms, the molecule that carries the genetic information is actually DNA and not protein.  Earlier Fredrick Griffith had worked with transformation in bacteria but Griffith was not sure of identity of the transforming material.

	1952


	Martha Chase and Alfred Hershey publish their research and provide additional support for the hypothesis that DNA is the substance responsible for the transmission of traits from parent to offspring.  In 1969 Alfred Hershey won the Nobel Prize for his work.

	1953
	In 1953, Francis Crick and James Watson identified the chemical structure of the DNA molecule.  Through their work and the earlier work of Rosland Franklin and Erwin Chargaf, Watson and Crick determined that the DNA molecule is actually a double helix consisting of alternating phosphate and deoxyribose sides with complementary nitrogen bases in the center of the molecule. 

	1955
	Joe Hin Tiio determined that the number of chromosomes in humans is actually 46.  For over thirty years the number of chromosomes possessed by humans was believed to be 48.  Tiio’s determination of 46 chromosomes still stands today.

	1961
	Sydney Brenner, Francois Jacob and Matthew Meselson determined the role of RNA  (Ribonucleic Acid) in the cell.  DNA was determined to remain within the nucleus of the cell and to be used as the template for messenger RNA that ultimately carries the genetic code to the ribosome for translation.

	1966
	The genetic code is cracked when Marshall Nirenberg and H. Gobind Khorana lead teams of researchers that determine that the 20 amino acids are coded for by the sequence of nitrogen bases in DNA.  They determined that a sequence of three sequential nitrogen bases coded for one amino acid.  They called the coding sequence of three sequential nitrogen bases in messenger RNA a codon.

	1977
	The chain termination method for determining the sequence of nitrogen bases in DNA.  Today, many of the automated DNA sequencers use the principles developed by Fred Sanger.  The process is still known as the Sanger method of sequencing.

	1978
	David Botstein and other researchers discovered a type of DNA polymorphism known as RFLP or Restriction Fragment Length Polymorphisms.  RFLP’s are found throughout the human genome and can be used as a genetic marker in research or for forensic applications.

	1980
	Kary Mullis invented a technique that allows for the replication of very specific sequences of DNA.  Mullis calls his new technique Polymerase Chain Reaction or PCR.  This is a revolutionary technique and will have wide applications to biotechnology.  Mullis won a Nobel Prize for his work.  

	1983


	The study of a large family in Venezuela with Huntinton disease results in the discovery of the location of the gene within the human genome.  The gene for Huntington Disease was discovered to be on the short arm of chromosome 4.  The research resulted in the first genetic test for an inherited disease. 

	1984


	Alec Jeffreys developed a method of identification that is based upon DNA fingerprinting.  This mode of identification with have tremendous applications in medical and forensic research.

	1989
	The National Center for Human Genome Research is created.  This research center is headed by James Watson and oversees the United States government effort to map and sequence the human genome.  This research is also known as the Human Genome Project.

	1992
	Daniel Cohen of the Center for the Study of Human Polymorphisms (CEPH) in Paris developed a map that includes genetic markers on all twenty-three human chromosomes.  This map provides a useful tool for scientists searching for the locations of genes that can cause human disease.

	1993


	Allen Roses, MD, and his colleagues at Duke University announce finding a major susceptibility gene for the late-onset form of Alzheimer Disease. 

	1995
	The first full genome sequence of a living organism other than a virus is completed for the bacterium Hemophilus influenzae by Craig Venter at Celera. A collaboration of scientists reports sequencing of the complete genome of a complex organism, baker's yeast. The achievement marks the complete sequencing of more than 12 million pairs of DNA.


	1997
	Dolly the sheep is cloned in Scotland.  This event marks the first time that a mammal is successfully cloned.

	1998
	A human genetic map is produced that shows the location of more than 30,000 human genes. 

	1999
	Genomic data is made public so that unrestricted data about single nucleotide polymorphisms (the most common form of genetic variation) will be available to scientists world wide.  This sharing of information will be a tremendous advantage to researchers.. 

	2000
	The human genome project is completed with the first completed sequencing of the human genome.  The work was completed by the Human Genome Project (funded by the U.S. government) and Celera (a private company).  The project was completed ahead of schedule and resulted in the discovery of 30,000 to 40,000 human genes.

	2001
	Human embryos are cloned by a private research company.  The purpose is to develop treatment therapies for a wide range of human diseases.  Genetic information about patients is being used to predict the likelihood of developing certain diseases such as breast cancer and to predict the success of certain chemotherapies.


	GEL ELECTROPHORESIS OF ALU

	KEY CONCEPTS
	· Our focus in this lab activity is to actually see your own DNA.  Remember we amplified a specific locus (an intron in the TPA gene) using PCR.  Now we will use gel electrophoresis to separate the amplified bands of our DNA.  

	SUPPLIES
	· Metaphor agarose, TAE buffer, distilled water, Sybr green, Type 667 Polaroid film, micropipettes, Pasteur pipettes, Saran wrap, purple sample buffer, 50-ml centrifuge tube, weigh boats

	EQUIPMENT
	· Top loading balance, microwave oven, 100 ml graduated cylinder, 500 ml Erlenmeyer flask, 50-ml Erlenmeyer flask, electrophoresis apparatus, power supply, Vortex mixer, shortwave UV transilluminator, hooded Polaroid camera with orange filter, 100 yellow micropipette tips.

	PROTOCOL

Metaphor agarose gels will allow the DNA molecules to pass through the gel as the negatively charged DNA molecule is attracted to the positive electrode.
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The Sybr green dye will be used to stain the DNA bands in the gel.  Without this dye, the DNA bands would not be visible.


	· Pour 4 1.8% metaphore agarose mini gels:

· Using graduated bylinder

· Measure out 85 ml of freshly prepared 1X TAE buffer and pour into flask

· Weigh metaphore agarose (1.5 grams) 

· Add to 500 ml flask containing buffer and swirl

· Cover the top of the flask with Saran wrap, punch a hole in the wrap

· Place the flask on a toploading balance and tare weight to zero

· Place the 500-ml flask and 50-ml flask containing super water into the microwave oven.

· Microwave on low setting for about 5 minutes, swirling from time to time

· Repeat microwaving until agarose solution is clear

· Place the flask of the hot agarose mixture on the balance and use the Pasteur pipette to add hot super water to readjust the weight to zero to compensate for evaporation during the cooking time.

· Assemble the minigel with bumpers and one comb.

· Check comb orientation using the lid  (comb should be at the end of the gel box with black leads)

· Place the comb in the tray

· Allow the gel to cool to approximately 70oC

· Pour 20 ml of the agarose mixture into each tray (use the 50-ml centrifuge tube to measure agarose volume)

· Remove bubbles using the Pasteur pipette

· Leave the gel undisturbed for at least half of each hour.  Note that the gel will take on a grayish coloration.

· Pour chilled 1X TAE buffer to cover gel and place in the refrigerator until ready for use.

· Prior to using the gel:

· Carefully and slowly pull the comb from the gel

· Make sure that the gel is positioned correctly within the gel box.  (remember the wells should be positioned at the negative or black end of the gel box)

· Cover gel with TAE buffer with approximately 1 mm of gel.

· The gel can be refrigerated until it is ready for use

· Add 7.5 microliters of purple sample buffer to each PCR tube using the yellow pipette

· Mix the buffer using the Vortex mixer and spin down with the microfuge

· The buffer sample contains glycerol that makes the sample very dense so that it will fall into the well

· Using the yellow pipettes, load the samples beginning with t10 microliters of the DNA ladder and then keeping track of the sequence load 12 microliters of PCR/buffer mix into each well.

· 

	STUDY QUESTIONS-GEL ELECTROPHORESIS OF 

ALU AMPLIFICATION 

	INSTRUCTIONS
	Answer the following questions, you may continue your answers on the back of the sheet if necessary.  Remember that all responses should be clear, accurate, and in complete sentences.  Check the text references in your syllabus and the websites listed at the end of the packet.

	1. First look at the 123 base pair DNA ladder on the gel.  

· The lowest, brightest band is made up of approximately how many base pairs of DNA: _________

· If each band of the DNA ladder increases by 123 base pairs of DNA, what would the first five rungs of the DNA ladder consist of:  _________   _________  _________   __________  ___________

2. Next look at the bands in the following lanes.  In the space below, diagram what you see and include an approximate base pair size for each fragment on the gel:

3. List the student genotypes that you observe on each of the gels.  Identify the gels and then number the students on each gel.  Develop a chart or table for each gel and indicate the genotype for each.  Since we are working with Alu, there are three possibilities:

· Alu present on both homologous chromosomes

· Alu present on one of the homologues and Alu absent on the other chromosome of the homologous pair

· Alu absent on both of the homologous chromosomes



	4. Use the data gathered from the gel electrophoresis of Alu to calculate the allele frequencies for your class.  Remember to determine the allele frequencies for the class, divide the number of each allele by the total number of alleles in the class.   Show your work and explain the steps taken to determine allele frequencies for the class.

· How do the frequencies of the Alu alleles compare to those in the U.S. population as a whole?  The Alu-present allele frequency is approximately 60% and the Alu-absent allele frequency is approximately 40%.  Both alleles are found in all human populations.

5.  Read through the section focused on the Hardy-Weinberg equation (P2    +   2(PQ)   +   Q2    =  1)  and use the 

    formula to determine the frequency of the three genotypes.  

6.   Now use the data to calculate the actual genotypic frequencies for the class.




	SURFING THE WEB

GREAT LINKS FOR SCIENCE

	GENETICS

The internet is a fabulous tool take the time to develop the references necessary to write quality lab reports following our experiments with DNA.


	http://genetics.gsk.com/history.htm
· A wonderful site that shows and explains the amazing history of genetics.

http://celera.com/genomics/genomics.cfm
· This website contains a genomics education model (including visual and audio descriptions).  This site also includes a detailed genome timeline beginning with Mendel’s experiments and ending with the sequencing of the human genome.

http://www.whybiotech.com
· This website contains information that focuses on an explanation of biotechnology and the benefits of biotechnology in terms of food and environmental safety.

http://www.monsanto.com/monsanto/biotechnology/teaching_science
· This site provides information on plant biotechnology and explains how biotechnology works and the applications for biotechnology.

www.aba.asn.au
· The information on this website is arranged in the form of educational leaflets and covers applications for biotechnology from DNA fingerprinting to governmental regulations.  You will also find an excellent glossary at this site.

http://www.colostate.edu/programs/lifesciences
· This site contains information focused on “transgenic crops” that includes a Resource Guide and a description of how transgenic crops are developed with outstanding animations.

http://biotech.biology.arizona.edu/
· This site contains laboratory experiments that can help you understand some of the activities completed in class.  Take the time to check this site out.  

http://ucbiotech.org/resources/index.html
· This site contains a wide range of topics linked to biotechnology.  

http://genetics-education-partnership.mbt.washington.edu/
· An outstanding resource with activities and background information for elementary, middle, and high school students.

http://gslc.genetics.utah.edu/basic/index.html
· A great site for hands on information focused on biotechnology and genetics.  Instructions for building your own gel electrophoresis chamber is included.
http://web.utk.edu/~khughes/GEL/sld001.htm
· Graphics of gel electrophoresis that provide clear explanations on how the process actually works in the separation of DNA.
http://web.utk.edu/~khughes/main.htm
· Excellent slides explaining PCR, gel electrophoresis, and DNA structure.
http://www.bergen.org/AAST/Projects/Gel/
· This site includes a complete explanation of gel electrophoresis and how the process actually works.  



	GENETICS
	http://taxonomy.zoology.gla.ac.uk/~rcruicks/pcr.html#tr1
· An excellent site that provides a clear explanation for PCR and gel electrophoresis.
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Note the structure of the DNA molecule to the left.  This molecule is tightly coiled as a chromosome within the nucleus of a eukaryotic cell.  The DNA molecule consists of sides made up of phosphates and sugars and nitrogen bases made up of four bases with two major classifications – purine and pyrimidine.





PURINES-nitrogen bases consisting of a double nitrogen ring structure.


Examples:  ADENINE and GUANINE





PYRIMIDINES-nitrogen bases consisting of a single ring structure.


Examples:  Cytosine and Thymine





The nitrogen bases are paired a purine is always linked to a pyrimidine.  Examples:  Adenine will form 2 hydrogen bonds with Thymine.  Guanine will form 3 hydrogen bonds with Cytosine.





The consistency of the complementary base pairing in this molecule makes accurate replication possible.





5’





5’











300 basepair Alu sequence





MATERNAL CHROMOSOME Alu PRESENT





PATERNAL CHROMOSOME Alu ABSENT























400 basepairs





100 basepairs





Gel electrophoresis results of PCR above (note the two bands)








