A Supplement to Molecular Genetics Lab #6
Utilizing PCR Technology to Characterize a Human Genetic Polymorphism
© Rob Hamilton 2009
Background information:
The DNA from a random selections of humans is more alike than different, however many regions of human chromosomes exhibit a great deal of variation or polymorphisms.  These polymorphic regions of human chromosomes are the regions utilized for forensic identification and paternity testing.
Chromosome number 1 contains a polymorphic region of VNTR’s (variable number of tandem repeats).  VNTR’s are also known as satellite DNA.  This VNTR located in chromosome 1 is designated pMCT118.  The length of this repeat is 16 base pairs.  This VNTR contains 29± known alleles ranging in size from 224 - 656+ bp.  Each individual inherits one of these 29 alleles from one parent and the other allele from the other parent.  Because of this the pMCT118 locus has a high degree of heterozygosity and a low degree of homozygosity ie. you are more likely to be heterozygous than homozygous.
Questions:

Suppose the DNA from two unrelated humans, Bob and Sally, was isolated and the pMCT118  alleles were amplified utilizing the polymerase chain reaction.  Next suppose the amplified DNA was separated on a gel.  Use the gel below to hypothesize where the bands would be most likely located in the Bob and Sally lanes of the gel below if Bob is a less common homozygote and Sally is a more common heterozygote.
                                                              DNA ladder      Bob          Sally
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Suppose the pMCT118 alleles are all equally common in the population (which they are not) .  Given this non truth, then what is the probability that you have the same pMCT118 alleles as 
Bob?___________  As Sally?___________
Would a single genetic test to gather information from analysis of the pMCT118 alleles be sufficient to convict 
someone of a crime?_________
Explain_____________________________________________________________________________
___________________________________________________________________________________
____________________________________________________________________________________
Could the genetic information gathered from the analysis of the pMCT118 alleles be sufficient to prove 
paternity?________
Explain_____________________________________________________________________________
___________________________________________________________________________________
Could the genetic information gathered from the analysis of the pMCT118 alleles be sufficient to 
disprove paternity?________
Explain_____________________________________________________________________________

____________________________________________________________________________________
Using the Polymerase Chain Reaction to Amplify the pMCT118 Region of Chromosome 1
Obtaining cheek cells which will be used as a source of chromosomal DNA:
1.  Place your name on one tube of 0.9% saline solution and place your name on one clear plastic cup.
2.  Pour the saline solution from the Falcon tube into your mouth and vigorously rinse your mouth for 10 seconds.  As you rinse suck in a little which will cause your teeth to remove some of the loose cheek cells.  Save this tube for later use.
3.  Expel the saline solution from your mouth into the plastic cup.
4.  Pour the saline solution from the plastic cup into the glass test tube.  
5.  Place your glass tube in the medifuge and spin at 5000 rpm for 6 minutes.
6.  Remove your tube from the medifuge and pour the supernatant into your plastic cup.  Do not disturb the white cell pellet at the bottom of the tube.  Pour the supernatant in the cup down the drain, rinse the cup and discard the cup in the regular trash.
Releasing the DNA from your cheek cells:
7.  Set your micropipet at 500 μl.  Insert the tip into the Eppendorf tube of Chelex resin beads and pipet in and out several times to suspend the beads in the solution.  Finally withdraw 500 μl of Chelex suspension from the Eppendorf tube and transfer it to your Falcon tube that contains your cell pellet.  Chelex binds metal ions that will be released from your cheek cells that would inhibit the PCR reaction. 
8.  Suspend your cheek cells in the Chelex by pipetting in and out several times.  Carefully examine your tube to make sure no clumps of cheek cells are present.  Now transfer your Chelex/cheek cell suspension back into your Falcon tube.
9.  Place your Falcon tube containing the Chelex/cheek cell suspension in the rack which is located in the boiling water bath for 10 minutes.  Boiling opens the cell and nuclear envelopes allowing the DNA to spill out into solution.
 10.  Remove your Falcon tube from the boiling water bath and place it on ice for 2 minutes. 
 11.  Pipet 500 μl of the Chelex cell suspension from the Falcon tube into a clean Eppendorf tube labeled with your name. 
Question:
At this point do you suppose you DNA is single stranded or double helix?________________________ 

Why do you think that?________________________________________________________________

 ___________________________________________________________________________________ 
Obtaining purified cheek cell DNA:
12. Place the Eppendorf containing your DNA in the microfuge and spin at 14,000 rpm for 30 seconds.
Questions:
What two substances are in the bottom of the Eppendorf tube after spinning?___________________

+____________________________
What is in the supernatant? ____________________________+_____________________________.
13.  Label a clean clear Eppendorf tube with your name.
14.  Transfer 200 μl of clear supernatant from the first Eppendorf tube into a clean Eppendorf tube labeled with your name.  Place this tube on ice or in the freezer at -20oC until you are ready to begin the PCR reaction.
Amplification of your PMCT118 alleles - The PCR reaction:
1.  Label the top of one PCR tube containing a Ready-To-Go-PCR Bead with your initials.   
2.  Set your micropipet at 10 μl and by pipetting twice add 20 μl of the PMCT118 primer mix to the PCR tube.  Set your micropipet at 2.5 μl and add an additional 2.5 μl of PMCT118 primer mix to the PCR tube.  You have now added a total of 22.5 μl of PMCT118 primer mix to your PCR tube.  Pipet in and out to make sure your PCR bead has dissolved.  The PMCT118 primer mix contains the PMCT118 primers, 13.9% sucrose, a density enhancer, 0.0082% cresol red, a tracking dye, and buffer.
3.  Note: Step #3 described below will be carried out by the entire class at the same time on a cue given by R.H.    
Use a clean pipet tip to add 2.5 ul of your DNA to the PCR tube.  Do not change tips and pipet in and out to mix the DNA, primer mix, and the components of the PCR bead.  Immediately bring your PCR tube forward and place it in the thermal cycler.
4. The thermal cycler is programmed to take your PCR tube through the following cycle 30 times:
    94oC  -  30 seconds
    65oC  -  30 seconds
    72oC  -  30 seconds
      4oC..-.completion of 30th cycle 
Questions:
What enzyme is contained in the PCR Bead?________________________________________________
Where does this enzyme come from?______________________________________________________
What is Thermus aquaticus?_____________________________________________________________
Where does Thermus aquaticus live?______________________________________________________
How many different nucleotides are found in the bead?________ Which ones?____________________

____________________________________________________________________________________
What is the function of the buffer that is also incorporated into the bead?_________________________

____________________________________________________________________________________
Taq polymerase is isolated from the eubacterium (surprise, surprise)Thermus aquaticus.  Strains of this bacterium grow in hot water environments such as the hot springs of Iceland and Yellowstone National Park.  My guess is that where you have hot surface water you will find these bacteria (or other members of the genus).
What is the function of Taq polymerase in the PCR reaction?___________________________________

____________________________________________________________________________________
What would happen if we attempted a PCR reaction using human DNA polymerase?________________

____________________________________________________________________________________
Why would that happen?________________________________________________________________
How many different kinds of primers are there in the primer mix?______________
What is the function of the PMCT118 primers in the primer mix?________________________________

____________________________________________________________________________________

What is the function of the sucrose in the primer mix?_________________________________________
 ___________________________________________________________________________________
What is the function of the cresol red in the primer mix?_______________________________________
 ___________________________________________________________________________________
Provide a molecular level explanation as to what is occurring during the 30 second time interval at 
94oC._______________________________________________________________________________
____________________________________________________________________________________
Provide a molecular level explanation as to what is occurring during the 30 second time interval at 
65oC._______________________________________________________________________________
____________________________________________________________________________________
Provide a molecular level explanation as to what is occurring during the 30 second time interval at 
72oC._______________________________________________________________________________
 ___________________________________________________________________________________
Casting the 1% agarose gel and preparing the gel box for electrophoresis of the PCR products.
1.  Insert the black dams at the end of the gel deck.  Note:  The beveled end of the dam should be facing out. Now carefully push down on the dams to insure a proper seal and insert the comb near the negative end of the gel deck.
2.  Carefully pour enough agarose solution into the casting tray.  Pour enough to completely cover the bottom of the tray and then add just a small additional amount.  The gel should cover approximately ½ to 1/3rd of a tooth on the comb.
3.  Wait until the gel cools.  Do not move the casting tray while the agarose is solidifying.
4.   When the agarose is set, add 1X TBE buffer so that the gel is covered.  Have your partner hold the casting tray down on the platform with two fingers and gently remove the comb, taking care not to rip the gel.  (The buffer solution helps to lubricate the comb.)
5.  Now unseal the ends of the gel deck by carefully lifting the dams straight up and out.
6.  Add more 1 X TBE buffer until the well holes left by the comb are completely submerged.  If you notice “dimples” around the wells, slowly add buffer until all dimples have disappeared.
Electrophoresis of your PCR products
1.  Remove your PCR tube from the thermal cycler and place it on ice. 
2.  Select a lane into which you will load your PCR tube contents.  Go to the next page and label the lane you have chosen with your name.  
3.   Set your pipet at 10 μl and load 20μl of the contents of your PCR tube into the well into your assigned lane on the gel by pipetting twice.  Set your pipet at 3 μl and add the final contents of your PCR tube into your well.  
4.  Someone in your group will need to take the responsibility of loading 10 μl of the 1500 x 100bp DNA ladder to the well in lane 1.   
5.  Carefully lower the lid on the gel box and connect the leads to the power supply.  (Red-red and black-black)
6.  Turn on the power source and adjust it to run at approximately 100 volts.
7.  Electrophorese until the cresol red marker dye reaches the screw at the far (+) end of your casting tray. 
  
8.  Turn off the power and disconnect the leads.
9.  Carefully remove the gel from the electrophoresis chamber and place it in a disposable weigh boat.  
     Use your permanent marker to place your name on the edge of the weigh boat.  Bring your gel to the front table for staining and photographing.  Tape your photograph in the space provided on the next page.
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Results and discussion:
1.  Look at the bands in lane 1 which contains the DNA ladder. You should see a band close to the well of 2072 base pairs in length.   The next a band contains 1500 base pairs, the next band at 1400 bp and so on until you find a band that is much brighter than the rest.  This band is brighter because it contains twice as much DNA as the other bands and the fragments are 600 bp in size.  Beyond this band there should be 5 more bands terminating with a 100 bp band.
2.  Use the table on the next page to record how far each band between 100 and 1000 bp in lane #1 traveled (rounded to the nearest mm)
Ladder Fragments in Lane 1
Base Pair Size    Distance Migrated (mm)
1000 bp 
____________mm

 900 bp  
____________mm

 800 bp 

____________ mm

 700 bp 

____________mm

600 bp 

____________mm

500 bp  

____________mm

400 bp  

____________mm

300 bp 

____________ mm

200 bp  

____________mm

100 bp   
____________mm

Using the information in lane 1 to plot a standard curve:
 
1.  Your Y axis has been scaled for you.  Please label the axis “Fragment Size” in Base Pairs 
2.  Label the X axis “Distance Migrated” in (mm).  Scale the X axis to make maximum use of your graph paper. 
3.  Plot your data from the table above.
4. Represent these points by drawing a best fit line.  What is this line called?_____________________

    ________________________
Observation and analysis of the student lanes:
1.  Scan across each student lane.  How many prominent bands are there in most lanes?_________
2.  Since the 39 known different pMCT118 alleles range in size from 224 to 656 bp all student bands should fall between the 200 bp band in lane 1 and the 700 bp band in lane 1.
3.  How many bands are there in your lane between the 200 bp and 700 bp markers?______________
4. If you are heterozygous for the pMCT118 alleles there should be ________band(s) present.
    
    If you are homozygous for the pMCT118 alleles there should be ________band(s) present.
5.  It is common to see a band lower on the gel.  This band is produced by the primers themselves which are approximately 50 bp in size.
6.  Additional other fainter bands may occur at other positions.  This occurs when the primers bind to chromosomal loci other than pMCT118 and give rise to “nonspecific” amplification products.
7.  Utilize your standard curve to determine the base-pair length of your pMCT118 alleles.  Record the information in the data table.
                     Distance traveled by pMCT118 alleles in my lane (mm)        Approximate size (bp)
                 

Allele #1    ___________mm                        

__________bp

                 

Allele #2    ___________mm                        

__________bp
8. Post your data for the rest of the class members to see.
Questions:
How many different alleles are represented in this class?______________
What % of this class is homozygous for the pMCT118 alleles?___________  Heterozygous?__________

What % of this class have pMCT118 fingerprints that match?___________
Analysis of large populations shows that 72% of people are heterozygous for the pMCT118 alleles.  It is also known that approximately l in 18 people are genetically identical for the pMCT118 alleles.  Information concerning the specific allele frequency for all pMCT118 alleles is on the next page
How could this protocol be modified to improve its ability to identify individuals? __________________ 

____________________________________________________________________________________
The length of the pMCT 118/DIS80 tandem repeat is 16 base pairs.
If you inherited allele #24 from your mother, that allele would be ______________BP in length
If you inherited allele #32 from your father, that allele would be _______________BP in length.
The probability of inheriting allele #24 is __________......... inheriting allele #32 is__________.
Approximately __________persons per 1000 individuals have your specific genotype.
What is the BP length of the allele you inherited from one parent?__________ BP
Look below.  What is the number of the allele you inherited from one parent?________
What is the probability you or anyone could possess that allele?_______
What is the  BP length of the allele you inherited from the other parent?__________ BP
Look below.  What is the number of the allele you inherited from the other parent?________
What is the probability you or anyone could possess that allele?_______
 _______________is the number of individuals per 1000 that share your exact genotype.
Frequency of the PMCT 118 alleles in US Population
    
 
Allele    
      Caucasians    
African Americans       US Hispanics


14    224 BP    

-    


-    


0.003


15    240 BP    

-    


-    


-


16    256 BP    

-    


-    


0.003


17    272 BP    

-    


0.048    


0.013


18.    288 BP    

0.238    


0.098    


0.263


19    304 BP    

0.010    


0.003   

 
0.005


20    320 BP    

0.040    


0.033    


0.020


21    336 BP    

0.018    


0.115    


0.025


22    352 BP    

0.030    


0.088    


0.028


23    368 BP    

0.008    


0.023    


0.003


24    384 BP    

0.348    


0.193    


0.318


25    400 BP    

0.040    


0.023    


0.055


26    416 BP    

0.015    


0.008   
 

0.010


27    432 BP    

0.013    


0.013    


0.008


28    448 BP    

0.063    


0.153    


0.050


29    464 BP    

0.053    


0.055    


0.055


30    480 BP    

0.008    


0.008   


0.055


31    496 BP    

0.080    


0.048    


0.058


32    512 BP    

0.013    


0.005    


0.003


33    528 BP    

0.003    


0.005    


-


34    544 BP    

0.003    


0.073    


0.008


35    560 BP    

0.003    


-    


-


36    576 BP    

0.005    


0.003    


-


37    592 BP    

0.008    


-    


0.003


38    608 BP    

-    


-    


0.005


39    624 BP    

-    


-    



-


40    640 BP    

0.003    


0.003    


0.010


41    656 BP   
 
-    


-    



-


41+    656 + BP    
0.005    


0.010    


0.005    
1100 bp


1000 bp


  900 bp


  800 bp


  700 bp


  600 bp


  500 bp





  400 bp





  300 bp





  200 bp 


  


  100 bp





Name (8) _______________________________





Name(7)_______________________________





Name(6)_______________________________





Name(5)_______________________________





Name(4)_______________________________





Name(3)_______________________________





Name(2)_______________________________





DNA Ladder (1)








