Name __________________________  Date________   Period ______   Lab Group #____________

Forensic DNA Fingerprint Typing of Bubble Gum Found Under Student Desks


Teacher Notes: Outline
Forensic DNA Fingerprint Typing of Bubble Gum Found Under Student Desks
This is a molecular genetics lab which is best suited for an advanced biology class or a molecular genetics lab technology class.  I have done the standard DNA extractions of onions, strawberries and mouth rinse with my students using test tubes and cold alcohol to generate DNA slime. Many of these protocols call for expensive reagents and do not simulate a real molecular genetics protocols.  For Lab 1 I have developed a DNA extraction protocol as a summer intern at Applied Biosystems using drug store reagents, micropipettes and micro tubes and micro amounts of reagents.  I have run quantification tests to get an estimate of expected yields. The students will enjoy using micropipettes for all their measurements and when they are done they will have completed an actual molecular genetics protocol except that they will be using safe reagents from the corner drug store. Lab 2 and Lab 3 are modifications of fairly standard PCR and Gel electrophoresis protocols.  The unique aspect of this series of labs is that students will determine their alleles for three Alu loci instead of one like many labs do.  By using three alleles each student has only a 1/27 chance of getting the same DNA fingerprint as his neighbor.  Trying to catch someone who really left gum under their desk will totally engage 100% of your class. You can also make money by offering this service to other teachers at your school.

1. Introduce the lab with a discussion asking them to talk about DNA finger printing. They may mention CSI episodes where DNA fingerprinting is used to convict or exonerate suspects.  Finish the discussion by asking students if they would be interested in participating in a lab where they could use DNA fingerprinting to find out who keeps leaving gum under their desks.

2.  At this point you should explain that this experiment wills include three labs and will take several class periods to complete.

A DNA finger print needs to be made for each student and then compared to a DNA profile derived from the culprit’s gum found stuck under a desk.

Lab 1: (1 class period) DNA extraction from gum and saliva sample of each student. 

Lab 2: (1 class period) PCR of 3 Alu loci and controls for each student.  

Lab 3: (1 or 2 class periods) Gel electrophoresis to hopefully create a unique DNA finger print for each student. You may want to prepare the gels a day ahead of time, and run electrophoresis the next day.

Analysis: Each student prepares their own DNA profile by completing the chart in Lab 3 and then determines if they are to be included or excluded as a suspect.
For an A + students should prepare a report with complete lab documentation records which they feel could be used in court as evidence to include or exclude their client as a suspect.  
For students who would like to go further the Data Chart has room for DAT1 data.  It is expected that the students will have learned enough from these three labs to develop their own investigation of the DAT1 locus.                     


An attachment for three 3 lab protocols is included. Each lab includes a front-back student handout page, with a list of materials, procedures and review questions, ready for you to make copies of. Teacher notes are also included.  Have fun. (
Teacher Notes: Outcomes and Standards

California Standards covered by this lab
Investigation and Experimentation 

7. Scientific progress is made by asking meaningful questions and conducting careful investigations.
** Students will complete a careful DNA fingerprint investigation to determine if they are to be included or excluded from a suspect list.   
Students will: 

a. Select and use appropriate tools and technology (including calculators, computers, balances, spring scales, microscopes, and binoculars) to perform tests, collect data, and display data. 
** Students will use PCR thermal cyclers, balances, micro-Pipettors, gel electrophoresis apparatus.

b. Communicate the logical connection among hypotheses, science concepts, tests conducted, data collected, and conclusions drawn from the scientific evidence.
**Students will create their on DNA profile (fingerprint) by determining if their genotypes for three Alu alleles at three loci on genes 16, 8, and 19 are homozygous or heterozygous.

d. Construct scale models, maps, and appropriately labeled diagrams to communicate scientific knowledge (e.g., motion of Earth’s plates and cell structure)
**Students will draw a diagram of their DNA fingerprint.

 e. .Communicate the steps and results from an investigation in written reports and oral presentations.
 **Students will turn in a written report of their DNA profile and conclusion.

Genetics 

3.  A multicellular organism develops from a single zygote, and its phenotype depends on its genotype, which is established at fertilization. As a basis for understanding this concept:
 **Students will determine their genotype for three Alu alleles.

Other Outcomes

· Students will be able to modify standard protocols accessed fro internet to meet their needs.

· **students will modify a gel preparation protocol accessed from the internet for making a 1% gel to meet their needs for a 1.5% gel.
· For an A + students should prepare a report with complete lab documentation records which they feel could be used in court as evidence to include or exclude their client as a suspect.  

 Teacher Notes:  Plan for evaluating outcomes.

· For an A + students should prepare a report with complete lab documentation records which they feel could be used in court as evidence to include or exclude their client as a suspect. (see rubric next page) Or you may use the points below combined with your observations to generate a score.  I always announce that an automatic F will be earned by any group that fails to clean up properly or uses pipettors to squirt each other with reagents.
· Points for data sheet from page 5 of student hand outs.

· The genotypes should accurately represent the bands they have filled in.
 2 points for each correct pair       12 points per allele tested *     = if 3 alleles tested, 36 points
*Note: there are to primers for Alu PV92 all bands and genotypes should match 
Or they made mistakes so the score for this pair if they do both is still 12 points.
· Student handout page two questions and answers: 


                          Bold = correct
1. Water is hypotonic to cheek cells.  If you were to rinse the gum in tap water what might happen to the cells and the DNA? 

Cells shrink crushing DNA.       Or        Cells Pop loosing DNA

2. From reading these procedures determine if the supernatant is:  a liquid or a solid? 

3. From reading these procedures determine if the DNA precipitate is: a liquid or a solid?

4. Find a one word synonym for lysis on this page.__________breakdown______

5. Find a one word synonym for vortex on this page._______shake_________

From reading these procedures give 3 examples of debris   cell membrane, organelles & food bits 

            6 points
· Student handout page three questions and answers: 



Bold = correct 

1. To compensate for our low estimated DNA concentration from gum how would you alter the amount of DNA recommended to be used to ensure that 5ng of DNA is used in the PCR reaction?  Use 5.0 μL,     Use 25.0 μL,     Use 5.0 μL and 25.0 μL ,  

2. What do primers do? They are enzymes that start the replication. They are nucleotides that tell where to start the replication.
3. What does PCR do?     It copies the entire DNA.  Or   It copies some of the DNA.


          3 points
· Student handout page four questions and answers:  

Bold = correct    

1. What does NTC mean, find it above and circle it.     No template control
Is sterilized water a reagent?                                  Yes?         NO?   

2. What does the positive control tell you?     
3. That the enzymes and primers were good    or    it tells if you got unwanted DNA in your reaction
4. What does the negative control tell you?  

That the enzymes and primers were good    or    it tells if you got unwanted DNA in your reaction
5. What does our DNA amplification lab do?
makes DNA loud enough to hear,   or   makes many copies some DNA  or    makes many copies of all the DNA               5 points
· Student handout page five questions and answers:

Bold = correct   
1. For the Alu PV92 allele the culprit is?  homozygous present, homozygous absent, heterozygous
2. For the Alu TPA-25 allele the culprit is?   homozygous present, homozygous absent, heterozygous
3. For the Alu Sb 19.s allele the culprit is homozygous present, homozygous absent, heterozygous
4. What are the chances that two people will be the same for one Alu allele?  1/3, 1/9, 1/27
5. What are the chances that two people will be the same for two Alu alleles?   1/3, 1/9, 1/27
6. What are the chances that two people will be the same for three Alu alleles? 1/3, 1/9, 1/27 
7. Does your DNA fingerprint include or exclude you as a suspect?     include   or   exclude           

            7 points
· Answer for question on Gel Prep Handout


Bold = correct   
1. We want a 1.5% Gel so how many grams of agarose should we use?      .75g or 1.5 g                      
             1  point
· Active participation and cleanup, all three labs.    48 points
Total 100 points
Teacher Notes:  Plan for evaluating outcomes Cont.
For an A + students should prepare a report with complete lab documentation records which they feel could be used in court as evidence to include or exclude their client as a suspect. (See rubric)
Modified from rubric template found at:  http://www.greece.k12.ny.us/instruction/science/Default.asp  
	Category
	4

Exceeding Standards
	3 

Meeting Standards
	2

Approaching Standards
	1

Not Meeting Standards

	Introduction

Topic

Purpose

Problem
	The topic, purpose, and problem are related to each other. The lab problem is clearly testable.
	The main purpose of the lab is clear and the problem can be tested.  
	The main purpose or problem of the lab is unclear. 
	The purpose and problem 
of the lab are unclear or miscommunicated to reader.  

	Research

Variables

Hypothesis
	Specific research is used to support the hypothesis and it clearly corresponds with the purpose and problem. Hypothesis is stated as an “If..then..because..” statement and accurately identifies the independent and dependent variables.
	The hypothesis is partially supported by research of the topic. The proper variables have been identified and incorporated into the hypothesis.  
	Some research has been documented; however, it is not used to support the hypothesis or a mistake was made in identifying the variables.
	Research is unrelated to topic or the hypothesis does not show a relationship. Variables not mentioned or incorrectly identified.



	Plan

 Procedure

Data Table


	The plan is sequential, logical, repeatable, and contains safety procedures.  All variables are accounted for within the steps and are able to be collected using scientific measurements. The data table is set up to collect a minimum of 5 measurable pieces of data and includes a title and appropriate labels.
	A logical plan including safety procedures is created that another scientist could easily repeat.  All variables are identified.  Steps have been made to appropriately control the environment and to collect a minimum of 3 measurable pieces of data.  All important data has a place in the data table.
	The plan is logical but doesn’t contain all of the environmental controls or safety procedures necessary for a scientist to repeat.  Most variables are identified and have a place on the data table. 
	The plan is not designed to find the answer to the identified problem or does not follow a sequence of events that could be repeated. Safety has not been considered in the procedure. The data table has not been set up to collect appropriate data.  The variables are not sufficiently identified.

	Results

Data

Graph

Data Summary
	A minimum of 5 measurable pieces of data have accurately been collected and displayed. The graph visually displays the answer to the lab problem. There is a clear, concise data summary.
	Data shows reasonable trends and patterns (minimum of 3 measurable pieces of data). The graph displays the answer to the lab problem. A data summary paragraph is accurately included but not concise.
	Data is incomplete or inconclusive. Unreasonable patterns were shown on data table or graph or the data summary is lacking a connection to the problem.
	Important data is missing or not organized appropriately.  Graph does not show significant findings of this lab experience.

	Understandings

Data Analysis

Conclusion in CEI Format


	The analysis and conclusion demonstrate that the person of interest can be included or excluded as a suspect.

  An exemplary conclusion is linked to the problem and hypothesis and is written in a CEI format (Claim, Evidence, and Interpretation). 
	Analysis supports results of lab. A satisfactory conclusion is written in a CEI format (Claim, Evidence, and Interpretation). 
	The analysis is incomplete or is not based on findings. The conclusion does not address the research problem or does not use data to provide evidence for the claim. 
	Analysis and conclusion are not related to findings in the lab or the research.  Complete thoughts were not used to convey ideas.

	Format

Overall Appearance 

And Accuracy
	Lab report is organized according to lab rubric, neat, and shows attention to detail with no grammatical errors.
	Lab report is organized according to lab rubric, neat, and has few grammatical errors.
	Lab report lacks organization and does not follow the order of the lab rubric.  There are some grammatical errors.
	Lab report is disorganized, incomplete, with little attention to detail. There are several grammatical errors.

	TOTAL SCORE =  24


Lab 1 of 3, DNA Extraction – (student handout page 1)
 Extraction of ~10-50 ng of genomic DNA from Human Cheek Cells Stuck in Gum(~50-500 ng from rinsing mouth)
Materials: needed per student 
1.  FORMCHECKBOX 
1-10 mL graduated cylinder or 10 mL pipette
2.  FORMCHECKBOX 
10 mL Mouth Rinse (Listerine, Scope, Gatorade or .9 saline solution-0.1gNaCl/9.9ml H20,) note: Gatorade and .9 saline solution are isotonic to cheek cells preventing pre-lysis
·  FORMCHECKBOX 
1 piece abc-gum (already been chewed)
3.  FORMCHECKBOX 
1 – Petri dish, small, 60 x 15 mm
4.  FORMCHECKBOX 
100 L of a 25% clear dish-detergent (Dawn)solution- 25 L /75L H20 
5.  FORMCHECKBOX 
110 L of 91.% isopropyl alcohol, removes water & precipitates out DNA(~ $2.49 /pt)
6.  FORMCHECKBOX 
400 L of 70% ethyl alcohol, removes salts and water (~ $1.99 /pt)
7.  FORMCHECKBOX 
52 L of TE buffer 10mM Tris-HCl,  pH 8.0/ 0.1mM EDTA, pH 8.0 (preserves DNA)
8.  FORMCHECKBOX 
3 -  1.5mLor 2 mL microfuge tubes & a fine tip marker to label tubes
9.  FORMCHECKBOX 
  micro-centrifuge capable of 15,000xg  and a vortex, 
10.  FORMCHECKBOX 
  Pipettors: 1- to 20-L range, 20- to 200-L and 15 tips
· Harvesting Human Cheek Cells from Gum (cheek cells are continually falling off and being replaced in your mouth so they get stuck in any gum you chew)

1.  FORMCHECKBOX 
Smear gum sample in a small Petri dish to expose as much surface area as possible.(if you do not want to use gum you may do a 30 second rinse mouth) 
2.  FORMCHECKBOX 
Add 10 ml Listerine and swish vigorously 30 second. (26% alcohol in Listerine inactivates DNases, kills germs but fixes or preserves the cheek cells)

3.  FORMCHECKBOX 
Transfer 1,500 L of gum-mouth rinse solution to a 1.5-ml microfuge tube. 
4.  FORMCHECKBOX 
Centrifuge at 15,000xg or maximum 1 minute to pellet the cheek cells, discard liquid.
5.  FORMCHECKBOX 
Repeat step 3 and 4 two more times to use a total of 4,500 L gum-mouth rinse. 
6.  FORMCHECKBOX 
Pour out liquid; you may use a pipette to remove the last drop of  supernatant.     (caution: save tube with cells pellet discard supernatant)

· Extracting the DNA from cells (lysis, breakdown, of cell and nuclear membranes allows DNA to dissolve in water.)

7.  FORMCHECKBOX 
Add 100 L of a 25% dish-detergent solution to the to the cheek cell pellet tube
8.  FORMCHECKBOX 
Pipette up and down to dissolve pellet and mix the contents.

9.  FORMCHECKBOX 
Shake or vortex the tube vigorously for 60 seconds.

10.  FORMCHECKBOX 
Hold at room temperature for 4 minutes. 
· Pelleting Debris (This removes cell membrane, organelles & food bits; DNA remains in solution.)
11.  FORMCHECKBOX 
Shake or vortex the tube vigorously for 30 seconds.
12.  FORMCHECKBOX 
Centrifuge the sample at 15,000xg or maximum for 4 minutes to pellet debris. 
· Pelleting the DNA

13.  FORMCHECKBOX 
Transfer 90 l supernatant, DNA solution, (caution, liquid only, do not break up the pellet) to a new 1.5-ml microfuge tube. .(caution: save new  liquid tube, discard used  pellet tube)
14.  FORMCHECKBOX 
Add 110 L   91% isopropanol.  (causes DNA to precipitates & becomes a solid)
15.  FORMCHECKBOX 
Mix by vortexing for 30 seconds.
Lab 1 of 3, DNA Extraction cont.  (student handout page 2)
16.  FORMCHECKBOX 
Centrifuge at 15,000xg or on high for 5 minutes to pellet the DNA.

17.  FORMCHECKBOX 
Flip the tube to discard the liquid supernatant and save the DNA pellet. 

18.  FORMCHECKBOX 
Slowly add 100 L  70% ethanol to rinse pellet without breaking it up; let it soak for  15 seconds and then flip to pour out the ethanol.

19.  FORMCHECKBOX 
Repeat step 5, the 70% ethanol rinse, 2 more times.

20.  FORMCHECKBOX 
One last time add 100 L of 70% ethanol. AND Mix by vortexing for 30 seconds.
21.  FORMCHECKBOX 
Centrifuge at 15,000xg or high for 4 minutes to re-pellet the DNA.

22.  FORMCHECKBOX 
Flip tube to discard the supernatant, you may use pipette to remove the last drop. 

23.  FORMCHECKBOX 
Centrifuge at 15,000xg or high for 1 minute, top open, to air-dry the DNA pellet.

· DNA Sample Preparation

24.  FORMCHECKBOX 
Add 52 L of TE buffer to DNA pellet

25.  FORMCHECKBOX 
Pipette up-and-down and shake or vortex vigorously to suspend the DNA.

26.  FORMCHECKBOX 
Centrifuge again for 2 minutes to pellet any insoluble salts

27.  FORMCHECKBOX 
Transfer the 50 L of clear DNA solution to a new 1.5-ml microfuge tube. (caution: Discard used tube with salt pellet; save new tube with DNA solution) 
28.  FORMCHECKBOX 
Label and store in freezer (-200C) until ready for use.

Notes: 

a. If this procedure works we should have about 10-50ng of genomic DNA from gum, or 50-500ng from mouth rinse in our final 50 uL sample. 

(20-100ng /100L = 0.2-1ng/1L) & (100-1000ng /100L = 1.0-10ng/1L)
b. 5-10 ng of genomic DNA are needed for PCR

i. for 5 ng use 10-25L of your DNA solution from gum (you will use 1L)*
ii. for 5 ng use 0.5-5L of your DNA solution from mouth (you will use 1L)
* note: gum sample may not have enough DNA for PCR which is why we are also doing mouth wash sample; if both samples work they act as controls for each other.
Lab 1 Review Questions,     Circle correct choice or fill in blank
1. Water is hypotonic to cheek cells.  If you were to rinse the gum in tap water what might happen to the cells and the DNA? 
Cells shrink crushing DNA.       or        Cells Pop loosing DNA
2. From reading these procedures determine if the supernatant is:  a liquid or a solid? 
3. From reading these procedures determine if the DNA precipitate is: a liquid or a solid?
4. Find a one word synonym for lysis on this page.________________

5. Find a one word synonym for vortex on this page.________________

6. From reading these procedures give 3 examples of debris:_________ _________ ______
References: 

1. Butler,J.M. (2005) Forensic DNA Typing Biology, Technology, and Genetics of STR Markers, 2nd edition, pp. 65-68. Burlington, MA; Elsevier Academic Press
Fang, Rixun. Holt, Allison. Stray, James. .Molecular Genetics staff at Lifetechnologies, Applied Biosystems, Foster City, CA.

2. Lab 2 of 3 PCR Amplification – (student handout page 3)
 of genomic DNA from Human Cheek Cells Stuck in Gum:
Introduction
We would like to determine the lengths of three pieces of your DNA. If your DNA was a 5,000 page book this is like saying we want to know how long three paragraphs in the book are.  We will use PCR to make thousands of copies of the three sections of interest so that we will have enough DNA to show up in the next lab, gel electrophoresis.  If you were to send your DNA book to the copy room to have three paragraphs copied you could place three sticky notes on the pages you wanted copied so that they would only copy what you want.  We will do this with our DNA.  We will use three primers which act like sticky notes to regulate the PCR so that only the sections of DNA we specify are copied thousands of times.
The following PCR Amplification protocol is a modification of an Applied Biosystems VariantSEQr and mitoSEQr Resequencing Systems Protocol
. www.appliedbiosystems.com 
Protocol summary:
1. Genomic DNA
• Prepare genomic DNA according to standard protocols. See Lab 1
• Determine the concentration by A260 or fluorescence. (We estimate our concentration to be        .  = 0.2-1.0ng/1 μL)
2. PCR Reaction (for 10μl reactions)
• Mix AmpliTaq Gold® Master Mix (2X), 5.0 μL 

• Sterile. Deionized water, 0.4 μL

• 50% UltraPure™ Glycerol, 1.6 μL

• Forward primer, 1.0 μL (0.6μM)

• Reverse primer, 1.0 μL (0.6 μM)

• Genomic DNA, 1.0 μL (5-10 ng/μL) note: our concentration may only be low
• Recommended thermocycling conditions with the AB 9700 are:

• Heat activation 96ºC for 5 min, followed by 40 cycles of 94ºC for 30 sec, 60ºC for 45 sec, and 72ºC for 45 sec. 
• Final extension of 72ºC for 10 min. Hold at 4ºC.
Questions:  (circle correct choice)

1. To compensate for our low estimated DNA concentration from gum how would you alter the amount of DNA recommended to be used to ensure that 5ng of DNA is used in the PCR reaction?  Use 5.0 μL,     Use 25.0 μL,     Use 5.0 μL and 25.0 μL ,  
2. What do primers do?                     They are enzymes that start the replication.                                                        They are nucleotides that tell where to start the replication
3. What does PCR do?     It copies the entire DNA.  Or   It copies some of the DNA.

Lab 2 of 3, PCR Amplification cont. (student handout page 4)
·  Procedure  PCR Reaction (for five10μl reactions, three primers and  2 controls) 
1. Label five thin walled 0.2mL PCR tubes(or 0mL.5 depends on thermocycler) as follows: P1+ your name, P2+ your name , P3+ your name, PTC+ your name, NTC+ your name (positive & negative template control)
· Use the table to prepare your five PCR reaction tubes                                                        
	Reagents: Keep on ice

Caution wear sterile gloves
	P1

Primer 1
	P2 Primer 2
	P3 Primer 3
	Positive

control
	Negative

control
	Master Mix for 5 rx

	2.  FORMCHECKBOX 
Mix AmpliTaq Gold® Master Mix (2X),      5.0 μL 
	yes
	yes
	yes
	Yes
	yes
	25 μL

	3.  FORMCHECKBOX 
Sterile. Deionized water,                                0.4 μL 
	yes 
	yes 
	yes 
	yes 
	yes 
	2.0 μL

	4.  FORMCHECKBOX 
50% UltraPure™ Glycerol,                            1.6 μL 
	Yes
	Yes
	Yes
	Yes
	Yes
	8 μL

	5.  FORMCHECKBOX 
Genomic DNA, (5-10 ng/μL)                         1.0 μL
	Yes
	Yes
	Yes
	No
	no
	5 μL

	6.  FORMCHECKBOX 
Forward 1st primer, (0.6 μM)   (if mixed use     1.0 μL
           Reverse1st primer, (0.6 µM)  2.0 μL of mix)     1.0 μL
	Yes
	no
	no
	Yes
	yes
	Total 8 
Then for each add 8 μL of this MM &   2μL primer. 

	7.  FORMCHECKBOX 
Forward 2nd primer, (0.6μM)   (if mixed use     1.0 μL
          Reverse2nd primer, (0.6 µM)    2.0 μL of mix)   1.0 μL
	no
	yes
	no
	Yes
	yes
	

	8.  FORMCHECKBOX 
Forward 3rd primer, (0.6μM)   (if mixed use      1.0 μL
           Reverse3rd primer, (0.6 µM)   2.0 μL of mix)    1.0 μL
	no
	no
	yes
	Yes
	yes
	

	9.  FORMCHECKBOX 
Control DNA, (5-10 ng/μL)                           1.0 μL
	no
	no
	no
	Yes
	no


10.  FORMCHECKBOX 
Add reagents needed for each tube (see chart) close the caps and mix by vortexing gently 3 seconds.
11.  FORMCHECKBOX 
Seal the tubes and centrifuge at 1600 x g or on high for 30 sec. (make sure each tube is counter-balanced)
· Running the PCR Reactions
To run the PCR reactions:

 FORMCHECKBOX 
12. Program the thermal cycler:

Stage        Description                      Temp. C         Time

1               Activation                              96                    5 min    heat activates enzymes
2               Amplification: 40 cycles        94                    30 sec   denatures or opens DNA strands
                                                               60                   45 sec     anneal primers (attach to DNA)
                                                               72                   45 sec     extend (builds new DNA strands)
3               Final extension                     72                    10 min     optimum temp for extension
4               Hold                                        4                     Indefinite (till tomorrow)
 FORMCHECKBOX 
13. Set the reaction volume to 10 L.

 FORMCHECKBOX 
14. Place the PCR tubes in the thermal cycler, close the lid, and then start the run.

15. When the run is complete, take the plate out of the thermal cycler, then:

• Go to the next procedure immediately. Or
 FORMCHECKBOX 
• Store the plate at 4 C overnight before continuing with the next procedure.

Your PCR products will be used for Lab 3, Gel Electrophoresis.
Questions    circle the answers 
1. What does NTC mean, find it above and circle it.
2. Is sterilized water a reagent?                                  Yes?         NO?   

3. What does the positive control tell you?  

That the enzymes and primers were good    or    it tells if you got unwanted DNA in your reaction
4. What does the negative control tell you?  

That the enzymes and primers were good    or    it tells if you got unwanted DNA in your reaction
5. What does our DNA amplification lab do?               
 makes DNA loud enough to hear,     or   makes many copies  some DNA   or    makes many copies of all the DNA

6. Teacher Notes: Lab 2 of 3, PCR Amplification
Preparing the PCR Reactions
• Place the primers on ice to thaw slowly.

• Vortex and centrifuge the thawed primers at 100 x g for 1 minute before adding to the master mix.

• Prepare the 50% glycerol by volume, 10 mL water plus 10 mL glycerol
                    You can order  reagents from http://www3.appliedbiosystems.com/AB_Home/index.htm 
Materials: needed per student for 5 PCR reactions (three primers and 2 controls)
1.  FORMCHECKBOX 
25 L AmpliTaq Gold PCR Master Mix (2x)(10 x 250 Units/10 x 5 mL) Applied Biosystems (PN 4327058) $265/5ml
2.  FORMCHECKBOX 
2.0 L Sterile, deionized water
3.  FORMCHECKBOX 
8.0 L 50% glycerol
4.  FORMCHECKBOX 
6 L 1st  Primer Mix 1.2 M for Alu PV92 amplicon (3.0 μL (0.6μM) for forward and (3.0 μL (0.6μM) reverse primers) order from IDT~$40.00
5.  FORMCHECKBOX 
2 L  2nd  Primer Mix 1.2 M for Alu TPA-25  amplicon (3.0 μL (0.6μM) for forward and (3.0 μL (0.6μM) reverse primers) order from IDT~$40.00
6.  FORMCHECKBOX 
2 1 3rd Primer Mix 1.2 M for Alu Sb19.3 amplicon (3.0 μL (0.6μM) for forward and (3.0 μL (0.6μM) reverse primers) order from IDT~$40.00
7.  FORMCHECKBOX 
3 L DNA template .2-1ng/1L (this is your DNA from Lab 1)
8.  FORMCHECKBOX 
5 -  .2mL thin walled PCR tubes with caps & a fine tip marker to label tubes $109/1000 tubes  Applied Biosystems (PN N8010533)
9.  FORMCHECKBOX 
1 L control DNA template .2-1ng/1L  Control DNA CEPH Individual 1347-02 Applied Biosystems (PN 403062)  $189.00
Equipment & Supplies
10.  FORMCHECKBOX 
  Tabletop centrifuge capable of 15,000xg (EPPENDORF 5418 CENTRIFUGE,120V, $1,733.92, order product no. 05-403-90 @  http://www.sciproj.com/shoppingcart.aspx )
11.   FORMCHECKBOX 
 Vortexer,  13500-962 INSERT,2-TIERD MCRPLT VORTEXER $45.79 @ http://www.sciproj.com/shoppingcart.aspx 
12.  FORMCHECKBOX 
a 1-20L adjustable micropipette and tips
13.  FORMCHECKBOX 
an ice container and crushed ice
14.  FORMCHECKBOX 
 thermal cycler: (contact BABEC for possible donor or loan, http://babec.org/ ) 

or purchase from Applied Biosystems 2720 Thermal Cycler 4359659 1 piece USD $4,530.00
15.  FORMCHECKBOX 
 UltraPure™ Glycerol Invitrogen Life Technologies (PN 15514-011) $46/500ml
Primer sequences: You can Order primers from IDT at http://www.idtdna.com/order/order.aspx 
1st primer Alu PV92 chromosome 16 300bp repeat  

              Forward primer: 5' AACTGGGAAAATTTGAAGAGAAAGT 3'
              Reverse primer: 5' CTCAAGAAACAGAAGCCCTGTCACC 3' = 840bp with insert 

Or    Forward primer: 5' GGATCTCAGGGTGGGTGGCAATGCT 3' 

         Reverse primer: 5’ GAAAGGCAAGCTACCAGAAGCCCCAA 3' = 715 bp with insert 
2nd primer Alu TPA-25 chromosome 8, 300bp repeat, 400bp fragment when present or 100bp when absent.  

Forward "5-GTAAGAGTTCCGTAACAGGACAGCT-3",
             Reverse “5-CCCCACCCTAGGAGAACTTCTCTTT-3" 
3rd primer Alu Sb 19.3 chromosome 19, 300bp repeat,  ?~500bp fragment when absent  ?

Forward "5- TCTAGGCCCAGATTTATGGTAACTG -3",
             Reverse “5- AAGCACAATTGGTTATTTTCTGAC -3" 

Extra credit primer DAT1  40bp repeats 5 alleles 7 (360)  9 (440)  10 (480) 11 (520)  13 (600)

Forward 5_-TGTGGTGTAGGGAACGGCCTGAG-3_
Reverse   5_- CTTCCTGGAGGTCACGGCTCAAGGTCA-3_ 
* see appendix 2 for calculations to get a .06 M concentration of primer mix.

Lab 3 of 3, DNA Gel Electrophoresis (student handout page 5)

To determine inclusion or exclusion as a suspect 
Introduction

Someone left a piece of gum under their desk and DNA fingerprints have been obtained from the gum.  Your job is to determine if your DNA fingerprints can include or exclude you as a suspect. In Lab 1 you extracted your DNA from saliva on gum you chewed or from your mouth rinse sample. Then you made millions of copies of three sections so that your alleles for each section will show up using gel electrophoresis. A record of the alleles that show up in the chart below will be your DNA fingerprint or profile. If you are the only person at your table that is not excluded as a suspect you may be guilty of leaving gum under your desk!
Record DNA bands from gel and indicate the genotype for each locus here
	Amplicons
	Alleles

Bp 

Base Pair size
	Gum

under

desk
	Your

Gum

DNA
	Your

Mouth

Rinse

DNA
	Partner

Gum

DNA
	Partner

Mouth

Rinse

DNA
	+

control
	-

control

	Alu PV92

Chromosome 16
1st Primers
	840
	----
	
	
	
	
	
	

	
	540
	+ +
	
	
	
	
	
	

	Alu PV92

Chromosome 16

2nd primers Control
	715
	----
	
	
	
	
	
	

	
	415
	+ +
	
	
	
	
	
	

	Alu TPA-25 chromosome 8
	400
	----
	
	
	
	
	
	

	
	100
	----+ -
	
	
	
	
	
	

	Alu Sb 19.3

chromosome 19
	~<800?
	
	
	
	
	
	
	

	
	~<500?
	----

-  -
	
	
	
	
	
	

	DAT1
Try this for extra credit!

	7 (360)  
	
	
	
	
	
	
	

	
	9 (440)  
	
	
	
	
	
	
	

	
	10 (480)
	
	
	
	
	
	
	

	
	11 (520)  
	
	
	
	
	
	
	

	
	13 (600)
	
	
	
	
	
	
	


Questions, 
 Circle correct answer.

1. For the Alu PV92 allele the culprit is?  homozygous present, homozygous absent, heterozygous
2. For the Alu TPA-25 allele the culprit is?   homozygous present, homozygous absent, heterozygous
3. For the Alu Sb 19.s allele the culprit is homozygous present, homozygous absent, heterozygous
4. What are the chances that two people will be the same for one Alu allele?  1/3, 1/9, 1/27
5. What are the chances that two people will be the same for two Alu alleles?   1/3, 1/9, 1/27
6. What are the chances that two people will be the same for three Alu alleles? 1/3, 1/9, 1/27
Does your DNA fingerprint include or exclude you as a suspect?     include   or   exclude

7. Lab 3 of 3, cont. DNA Gel Electrophoresis (student handout page 6)
This experiment examines Alu PV92, Alu TPA-25, & Alu Sb 19.3 of human-specific Alu insertions on chromosome 16, 8 and 19. These genetic systems have only two alleles indicating the presence (+) or absence (-) of the Alu transposable element on each of the paired chromosomes. This results in three possible genotypes (++, +-, or --). The + and - alleles can be separated by size using gel electrophoresis.
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	Materials
	Equipment

	 FORMCHECKBOX 
Your PCR product on ice
	 FORMCHECKBOX 
Gel electrophoresis boxes

	 FORMCHECKBOX 
Loading dye
	 FORMCHECKBOX 
TBE buffer .5x 

	 FORMCHECKBOX 
 Pipettors: 1- to 20-L range, and ~10tips
	 FORMCHECKBOX 
agarose gel powder

	 FORMCHECKBOX 
1.5% gel plates, okay to make a day ahead
	 FORMCHECKBOX 
 Deionized water

	 FORMCHECKBOX 
1kB, low range ladder
	 FORMCHECKBOX 
 Ethidium bromide (1 μg/mL), 250 mL

	 FORMCHECKBOX 
positive control DNA
	 FORMCHECKBOX 
Latex gloves, safety goggles

	 FORMCHECKBOX 
 negative control NTC
	 FORMCHECKBOX 
Transilluminator, UV


Gel Electrophoresis:

· 1. Prepare your 1.5%gel ahead of time see Gel Prep Handout for instructions.
· Retrieve your PCR DNA products (keep on ice)
· 2. Add 2µL of 5x loading dye to your DNA in your PCR tubes. Slowly pipette the mixture up and down until the content in the tube is uniformly colored.
· 3. Carefully load 12µl of your DNA dye mix samples into wells in your gel. Avoid poking the pipette tip through the bottom of the gel or spilling sample over the sides of the well. Use a new tip for each sample.  Be sure to record the order of your tubes.

· 4. One student (or the instructor) should load 5µl of the 1kB, low range ladder, into one of the wells of each gel; a positive and negative control should also be loaded.
· 5. When all samples are loaded, attach the electrodes from the gel box to the power supply. Have your instructor check your connections and then electrophorese your samples at 125 Volts for 45-50 minutes or until loading dye moves ¾ down the gel.

· (4. Place the stained gel on a UV light box, transilluminator** and record DNA bands from gel and indicate the genotype for each locus in data chart.(p5 student handout)
· 6.
Discard your gel in the gel discard plastic container.
Appendix 1Gel Prep Handout

Please modify amounts from this standard gel prep protocol  from www to meet your needs.
We want a 1.5% Gel so how many grams of agarose should we use?      .75g or 1.5 g
Making the gel (for a 1% gel, 50mL volume) 

Weigh out 0.5g of agarose into a 250mL conical flask. Add 50mL of 0.5xTBE, swirl to mix. 

It is good to use a large container, as long as it fits in the microwave, because the agarose boils over easily. 

Microwave for about 1 minute to dissolve the agarose. 

The agarose solution can boil over very easily so keep checking it. It is good to stop it after 45 seconds and give it a swirl. It can become superheated and NOT boil until you take it out whereupon it boils out all over you hands. So wear gloves and hold it at arms length. You can use a Bunsen burner instead of a microwave - just remember to keep watching it. 

Leave it to cool on the bench for 5 minutes down to about 60°C (just too hot to keep holding in bare hands). 

If you had to boil it for a long time to dissolve the agarose then you may have lost some water to water-vapor. You can weigh the flask before and after heating and add in a little distilled water to make up this lost volume. While the agarose is cooling, prepare the gel tank ready, on a level surface. 

Add 1µL of ethidium bromide (10mg/mL) and swirl to mix 

The reason for allowing the agarose to cool a little before this step is to minimize production of ethidium bromide vapor. Ethidium Bromide is mutagenic and should be handled with extreme caution. Dispose of the contaminated tip into a dedicated ethidium bromide waste container. 10mg/mL ethidium bromide solution is made up using tablets (to avoid weighing out powder) and is stored at 4°C in the dark with TOXIC labels on it. 

Pour the gel slowly into the tank. Push any bubbles away to the side using a disposable tip. Insert the comb and double check that it is correctly positioned. 

The benefit of pouring slowly is that most bubbles stay up in the flask. Rinse out the flask immediately. 

Leave to set for at least 30 minutes, preferably 1 hour, with the lid on if possible. 

The gel may look set much sooner but running DNA into a gel too soon can give terrible-looking results with smeary diffuse bands. 

Pour 0.5x TBE buffer into the gel tank to submerge the gel to 2–5mm depth. This is the running buffer. 

Appendix 1: cont. Gel Prep Handout notes cont. 
Loading buffers 

The loading buffer gives color and density to the sample to make it easy to load into the wells. Also, the dyes are negatively charged in neutral buffers and thus move in the same direction as the DNA during electrophoresis. This allows you to monitor the progress of the gel. The most common dyes are bromophenol blue (Sigma B8026) and xylene cyanol (Sigma X4126). Density is provided by glycerol or sucrose. 

Typical recipe 

· 25mg bromophenol blue or xylene cyanol 

· 4g sucrose 

· H2O to 10mL 

The exact amount of dye is not important
Store at 4°C to avoid mould growing in the sucrose. 10mL of loading buffer will last for years. 

Bromophenol blue migrates at a rate equivalent to 200–400bp DNA. If you want to see fragments anywhere near this size (ie. anything smaller than 600bp) then uses the other dye because the bromophenol blue will obscure the visibility of the small fragments.
Xylene cyanol migrates at approximately 4kb equivalence. So do not use this if you want to visualize fragments of 4kb. 
Size markers 

There are lots of different kinds of DNA size markers. In the old days the cheapest defined DNA was from bacteriophage so a lot of markers are phage DNA cut with restriction enzymes. More recently, companies have started producing ladder markers with bands at defined intervals, i.e. 0.5, 1, 1.5, 2, 2.5kb and so on up to 10kb. If you know the total amount of DNA loaded into a marker lane, and you know the sizes of all the bands, you can calculate the amount of DNA in each band visible on the gel. This can be very useful for quantifying the amount of DNA in your sample bands by comparison with the marker bands. It is good to load two markers lanes, flanking the samples. Lots of companies sell DNA size markers. It pays to shop around for the cheapest. Often the local kitchen-sink biotech company sells excellent markers.
TBE  (TBE stands for Tris Borate EDTA.) 
People also use TAE (Tris Acetate EDTA). Make up a 10x stock using cheap reagents. Do not use expensive 'analytical grade' reagents. Cheap Tris base and boric acid can be bought in bulk. 
Recipe for 2L of 10xTBE 

· 218g Tris base 

· 110g Boric acid 

· 9.3g EDTA 
· Dissolve the ingredients in 1.9L of distilled water. pH to about 8.3 using NaOH and make up to 2L. 

	Appendix 2 calculations for .06 primer working mix


	Converting oligos of DNA primer to .6 ug concentration
	
	c1 x v! = c2 x v2
	

	Just fill in the nMoles of your primer (cells D8 and D30) and excell will do all calculations!
	

	
	
	
	
	
	
	
	
	

	
	?
	nMoles of dry   primer arrives 
	
	
	
	

	
	add 1mL = 1000uL of TE bufffer 
	
	
	
	
	

	you now have uM concentration of primer mix for C!
	
	c2 is desired final concentration

	v2 is any amount you want but if you make it 10 x c1 the math is easy,  v1 is ?(x)
	

	for forward primer primer 
	25.5
	nMoles
	
	
	
	

	c1
	
	*
	v1
	 =
	c2
	*
	V2  (c1 * 10)

	25.5
	uM
	*
	?x
	 =
	0.6
	uM  *
	255
	uL

	
	
	
	x
	 =
	0.6
	uM *
	255
	uL

	
	
	
	
	
	25.5
	uM primer
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	x
	 =
	0.6
	uM
	10
	uL

	
	
	
	
	
	1
	uM primer
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	x
	 =
	0.6
	uM
	10
	uL

	
	
	
	
	
	1
	uM primer
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	x
	 =
	6
	uL
	
	

	
	
	amount of buffer to use is v2-v1
	
	
	
	

	
	
	249
	 uL of TE buffer to dilute with
	6
	 uL of primer mix with.

	    first add 1mL = 1000ul of TE bufffer to dry primer . 
	
	
	
	

	This will yield a 
	25.5
	uM concentration stock primer mix
	
	

	then
	to
	249
	 uL of TE buffer 
	
	
	
	

	
	add 
	6
	 uL of stock primer mix with.
	
	
	

	
	to yield
	255
	ul of a .06uM concentration primer  working mix
	

	
	
	
	
	
	
	
	
	

	for reverse primer primer 
	28
	nMoles
	
	
	
	

	c1
	
	*
	v1
	 =
	c2
	*
	V2  (c1 * 10)

	28
	uM
	*
	?x
	 =
	0.6
	uM  *
	280
	uL

	
	
	
	x
	 =
	0.6
	uM *
	280
	uL

	
	
	
	
	
	28
	uM primer
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	x
	 =
	0.6
	uM
	10
	uL

	
	
	
	
	
	1
	uM primer
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	x
	 =
	0.6
	uM
	10
	uL

	
	
	
	
	
	1
	uM primer
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	x
	 =
	6
	uL
	
	

	
	
	
	
	
	
	
	
	

	
	
	amount of buffer to use is v2-v1
	
	
	
	

	
	
	274
	 uL of TE buffer to dilute with
	6
	 uL of primer mix with.

	    first add 1mL = 1000ul of TE bufffer to dry primer . 
	
	
	
	

	This will yield a 
	28
	uM concentration stock primer mix
	
	

	then
	to
	274
	 uL of TE buffer 
	
	
	
	

	
	add 
	6
	 uL of stock primer mix with.
	
	
	


**CAUTION: Ultraviolet light can damage your eyes and skin. Always wear protective clothing and UV safety glasses when using a UV light box. 




































































� The PCR process is covered by patents owned by Roche Molecular Systems, Inc.and F. Hoffmann-La Roche Ltd. ABI PRISM, Applied Biosystems, BigDye, and SeqScape are registered trademarks and AB (Design), Applera, POP-6, POP-7, and VariantSEQr are trademarks of Applera Corporation or its subsidiaries in the U.S. and/or certain other countries. AmpliTaq Gold and GeneAmp are registered trademarks of Roche MolecularSystems, Inc. All other trademarks are the sole property of their respective owners. Copyright © 2005. Applied Biosystems. All rights reserved. Publication 106PT01-01.


� Dolan DNA Learning Center, Cold Spring Harbor Laboratory Noncommercial, educational use only. 


� CCSF BTEC 24—Intro to PCR Inst: Dr. Bob Del Vecchio


� Matt Lewis. Department of Pathology University of Liverpool. � HYPERLINK "http://www.methodbook.net/dna/agarogel.html" ��http://www.methodbook.net/dna/agarogel.html� 
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