PCR Applications—Use of PCR to determine if you have the allele to taste Phenylthiocarbamide (PTC)
The PTC taste receptor is encoded by the gene TASR38.  There are 3 positions within the gene that can vary that can give the phenotype or ability to taste PTC as bitter.  The inability to taste PTC is recessive.  In the table below are 3 variations that can be present in the PTC taste receptor gene that will give the dominant phenotype of tasting PTC & perception of bitter taste—

Table I. Relationship of Variations at Specific locations in TASR38 gene (sense strand, same as codon in mRNA except replace T with U) and Ability to Taste PCR

	Nucleotide Position
	Taster
	Non-taster

	145
	CCA
	GCA

	785
	GCT
	GTT

	886
	GTC
	ATC


  Today, you will be amplifying your TASR38 gene with PCR followed by DNA restriction analysis with the restriction enzyme Hae III to determine if you have the allele for tasting PTC at position 145. Also you will determine if you are homozygous or heterozygous for this ability if you have the allele. Alternatively, you could be homozygous recessive for this allele which would correlate with an inability to taste PTC.

Hae III is a restriction enzyme that generates blunt cuts as opposed to “sticky” ends. It recognizes and cuts the restriction site GGCC on both strands as shown (only 1cut shown for a linear DNA resulting in 2 fragments):



5’---GG CC---3’

5’—GG3’     and 
5’CC—3’

3’---CC GG---5’

3’---CC5’ 

3’GG---5’
Hae III will only be able to cut the taster allele 5’GGCGGCCACT3’, but not the non- taster allele 5’GGCGGGCACT3’.  Electrophoresis after PCR and digest by Hae III will reveal the sizes of the PCR products for the 2 alleles of the TASR38 gene.  This analysis will also indicate if you are homozygous or heterozygous and if you have the dominant trait or not.
Study questions
1) Write the mRNA codons for each of the variants in the table and write their corresponding amino acids for the taster and non-tasters. You will need to use a codon table.

2) Refer to the last paragraph prior to this section where the sense strand DNA sequences from 5’to 3’ are given for taster and non-taster alleles. Recall that the sense strand of DNA has the same sequence as mRNA codons except that thymine in DNA replaced with uracil in RNAUsing the given information of the taster and non-taster alleles, re-write the alleles as double-stranded DNA molecules and show why only the taster allele will be cut with Hae III.
3) Without looking at your actual gel results, consider the genotypes TT, Tt, and tt.  Hypothesize or predict how many bands you will see after Hae III digestion for each genotype if we assume that Hae III only cuts the taster allele once, but does not cut the non-taster allele at all.  Please keep in mind that both taster and non-tasters do have the gene (amplified by PCR) so at least one DNA band should be present.  Fill-in the table below.
Table II.  Relationship of genotype of TASR38 gene to # of DNA fragments.
	Genotype
	Phenotype
	# of DNA bands predicted

	TT
	
	

	Tt
	
	

	tt
	
	


4) Using semi-log paper and your molecular weight standard (pBR322/bst NI), plot a best fit line of molecular weight vs. migration distance to determine the sizes of each of your DNA bands in the undigested samples and digested samples. Fill in the tables provided.
Table IIIa. Relationship of migration distance and mw standard size
	Molecular weight standard-base pairs (bp)
	MW standard mm

	1857
	

	1058
	

	921
	

	383
	

	121
	



Table IIIb. Relationship of migration distance and student DNA sample sizes.

	Student #1 uncut mm
	Student #1 uncut bp
	Student #1 cut

mm
	Student #1 cut

bp
	Student #2 uncut mm
	Student #2 uncut bp
	Student #2 cut

mm
	Student #2 cut bp

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	


5) Based on your results, what is your genotype?  Why?  What is your phenotype? Why?  How about your lab partners? Only if your DNA was used for the experiment, taste the control and PTC papers. Do the tasting results correlate with the DNA digest findings?
6) This lab illustrates how restriction enzymes can be used to detect a single nucleotide change in DNA or genes.  List 3 other uses of restriction enzymes that are employed in a research lab.  In contrast, why do bacteria use restriction enzymes?

7) During the previous laboratory exercise we used PCR to amplify different concentrations of the recombinant plasmid that contained the chlorophyll a oxygenase gene.  Compare the purpose of PCR in that former exercise to today’s lab.  In other words, why was it necessary to conduct PCR prior to Hae III digestion?  Why didn’t we just cut our DNA and run electrophoresis without the PCR step?
Procedure—follow directions exactly. Read all labels carefully!
Day 1—Isolate DNA and conduct PCR. Two students per group will provide their DNA. Perform the following steps on each student sample. 
1) Obtain paper cup.  Pour saline solution into your mouth, rinse cheek pockets for 30 seconds, and expel all saline solution in the cup.

2) Swirl contents of cup & transfer 1 mL to a microfuge tube.

3) Spin tube for 2 min. in microcentrifuge at full speed.

4) Remove supernatant from the tube & dispose of in the paper cups (a small amount of liquid will stay in tube above pellet).  Keep the pellets which contain cells.
5) Resuspend pellet in remaining liquid.  

6) Take out 30 L of above resuspension and add it to a microfuge tube that has 100 L of Chelex in it.

7) Place tube in boiling water bath for 10 minutes.

8) After 10 min., vigorously shake tube for 5 seconds.

9) Spin tube in microcentrifuge for 2 min at full speed.
10) Transfer 30 L supernatant into microfuge tube and keep on ice until we start PCR (next step).
11) Obtain a PCR tube (much smaller than microfuge tube) that contains “Ready to go ™ bead and add 22.5 L of PTC primer/loading dye mix to this tube. Wait for the bead to dissolve, at least 1 minute..
12) To the tube from step11, add 2.5 L of your check cell supernatant (step 10). Keep on ice until all groups are ready.
13) Be sure you have your tubes labeled.

14) Place PCR tubes in PCR machine along with tubes from other groups. Your instructor will take care of the PCR samples until next period (stored at -20ºC)

Day 2—Digestion of PCR samples and electrophoresis. Perform the following steps on each student sample from previous lab period.  You will need to set up digests at same time as you prepare your gels!
Digestion of samples and preparation of undigested samples (do concurrently with agarose gel and electrophoresis buffer preparation)
1) For each PCR sample, you will need to label 2 microfuge tubes, one as “U” for undigested and one as “D” for digested.  
2) For the undigested sample tubes, add 10 L of your PCR samples and leave on ice until ready to conduct electrophoresis.

3) Add 1 L of Hae III restriction enzyme directly to the PCR tubes (after removing the 10L for the “U” tubes). Mix. Transfer entire contents to tubes labeled “D”.  
4) Pulse the “D” tubes in the microfuge by spinning for 5 seconds.

5) Incubate the “D” tubes in PCR machine for 30 minutes at 37 ºC. After 30 minutes set your samples on ice.
2% Agarose gel and electrophoresis buffer preparation in 1X TBE (do concurrent w/ DNA digests)
1) Make 350 mL of 1X TBE from 10X TBE stock. Transfer 50 mL of the 1x TBE to a flask and keep the remaining 300 mL in the large graduated cylinder.
2) To the flask containing the 50 mL of 1X TBE add the appropriate weight in grams of agarose to make 2% agarose (in this 50 mL of  1X TBE solution). Check your calculations with your lab instructor before continuing.

3) Microwave for 1 minute. Use proper gloves for removal.
4) Allow to cool to 65 ºC and then bring flask to lab instructor, who will dispense 2.5 L of ethidium bromide into your flask –SUSPECTED CARCINOGEN---MUST WEAR GLOVES!
5) Pour your gel and add the combs to make the wells. Allow to solidify—about 20 minutes. Check with your instructor. 
6) Transfer gel (after comb removal) to electrophoresis unit and add the remaining electrophoresis buffer to the apparatus too.

7) Load your gel as follows—
--Lane 1—20 L molecular weight standard pBR322/bst NI

--Lane 2—10 L of student 1’s undigested DNA (U)

--Lane 3—16 L of student 1’s digested DNA (D)

--Lane 4--10 L of student 2’s undigested DNA (U)

--Lane 5--16 L of student 2’s digested DNA (D)

8) Run gel at 130 V for about 30 minutes, or when the cresol red dye has move at least 50 mm from the wells.
9) Your laboratory instructor will photograph your gels and post them on beachboard. Be sure to print and bring to the next lab period.

10) Analyze your gels per directions in the study questions #4 and #5. Be sure to obtain some semi log paper from the back of your laboratory manual
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