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To taste or not to taste, that is the question. And the answer is surprisingly 

simple: a few nucleotides. In this lab, we will examine how single nucleotide 

polymorphisms (SNPs) can change our ability to perceive the world around us. 

The human sense of taste is composed of an intricate neurophysiological network, 

but it only takes small changes to one gene to change the way we taste... 
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1. Synopsis 
 

Approximately 99.9% of the human genome is identical across individuals; the other 0.1% 

makes each one of us unique. The human genome contains about 3 billion base pairs but just a 

single nucleotide change can alter or abolish gene function and can result in a new phenotype. 

A single nucleotide polymorphism, or SNP (pronounced "snip"), is a common variant at a single 

position in a DNA sequence among individuals of the same species. SNPs are the most common 

form of variation in the human genome and account for much of our genetic and phenotypic 

diversity.  

In this Learning Lab, students will explore SNPs associated with their own phenotypes. Students 

will assess their ability to taste the chemical phenylthiocarbamide (PTC) and determine how 

that ability correlates with their genotype at the TAS2R38 locus, which encodes for a taste 

receptor expressed in gustatory papillae.  There are two common alleles for the TAS2R38 gene, 

a ‘taster’ allele and a ‘non-taster’ allele. The difference between these alleles results from the 

combination of just three SNPs, or three single-nucleotide changes. It is a goal of this lab to 

illustrate how very small genetic changes can have significant functional consequences. 

 

Students will extract their own DNA from cheek cells, perform PCR (polymerase chain reaction) 

to amplify the TAS2R38 gene, use a restriction enzyme on the PCR product to distinguish 

between TAS2R38 alleles, and perform gel electrophoresis to visualize the results. This activity 

allows students to directly explore the genetic basis of a fundamental aspect of 

neurophysiology—our ability to taste. 

 

• Techniques utilized: DNA extraction, PCR, restriction endonuclease digestion, gel 

electrophoresis, and DNA visualization 

• Time required: At least two 45-minute periods (see Section 6, Planning your time). This 

does not include PCR run time of approximately 90 minutes.  

• Reagents needed: miniPCR PTC Taster Lab reagents kit (available at miniPCR.com), gel 

electrophoresis reagents (See sections 5 and 9)  

• Suggested skill level: Familiarity with central dogma of molecular biology, molecular 

genetics, micropipetting techniques 
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2. Learning goals and skills developed  
 

Student Learning Goals – students will: 

● Comprehend how DNA encodes traits that are transmitted across generations 

● Understand that PCR is a technique for amplifying specific parts of the genome  

● Learn about the molecular physiology of taste 

● Learn about GPCRs signal transduction processes in neurophysiology 

● Understand the link between genotype and phenotype 

● Study the molecular basis of genetic inheritance 

● Learn about the implications of SNPs in personalized medicine and in evolution 

 

Scientific Inquiry Skills – students should be able to: 

● Formulate hypotheses and predict results 

● Make predictions about their genotypes at a specific locus based on empirical 

observations of a trait (ability or inability to taste PTC) 

● Compare genetic analysis results to their predictions and draw conclusions based on 

hypotheses 

● Engage in an evidence-based debate around genetics and inheritance 

● Generate data visualizations to present their results 

 

Molecular Biology Skills:   

● Micropipetting  

● Isolation of genomic DNA from cheek cells 

● Polymerase Chain Reaction (PCR) 

● Analysis of SNPs through restriction digest 

● Preparation of agarose gels 

● Agarose gel DNA electrophoresis  

● Staining, visualization, and molecular weight analysis of DNA fragments  
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3. Standards alignment 

Next Generation Science Standards - Students will be able to…  

HS-LS1-1 Construct an explanation based on evidence for how the structure of DNA 

determines the structure of proteins which carry out the essential functions of 

life through systems of specialized cells. 

HS-LS3-1 Ask questions to clarify relationships about the role of DNA and chromosomes in 

coding the instructions for characteristic traits passed from parents to offspring. 

HS-LS3-2 Make and defend a claim based on evidence about the natural world that 

reflects scientific knowledge, and student-generated evidence.  

HS-LS4-1 Communicate scientific information that common ancestry and biological 

evolution are supported by multiple lines of empirical evidence. 

HS-LS4-4 Construct an explanation based on evidence for how natural selection leads to 

adaptation of populations. 

 

Common Core English Language Arts Standards - Students will be able to…  

RST.9-10.9 Compare and contrast findings presented in a text to those from other sources 

(including their own experiments), noting when the findings support or 

contradict previous explanations. 

RST.9-10.3 Follow precisely a complex multistep procedure when carrying out experiments, 

taking measurements, or performing technical tasks, attending to special cases 

or exceptions defined in the text. 

RST.11-12.1 Cite specific textual evidence to support analysis of science and technical texts, 

attending to important distinctions the author makes and to any gaps or 

inconsistencies in the account. 

WHST.9-12.2 Write informative/explanatory texts, including the narration of historical events, 

scientific procedures/ experiments, or technical processes. 
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WHST.9-12.9 Draw evidence from informational texts to support analysis, reflection, and 

research. 

SL.11-12.5 Make strategic use of digital media (e.g., textual, graphical, audio, visual, and 
interactive elements) in presentations to enhance understanding of findings, 
reasoning, and evidence and to add interest. 

 

Advanced Placement® Biology Science Practices and Learning Objectives  

SP 1 The student can use representations and models to communicate scientific 
phenomena and solve scientific problems. 

 
SP 3 The student can engage in scientific questioning to extend thinking or to guide 

investigations within the context of the AP® course. 
 
SP 5 The student can perform data analysis and evaluation of evidence. 
 
SP 6 The student can work with scientific explanations and theories. 
 
SP 7 The student is able to connect and relate knowledge across various scales,  
 concepts and representations in and across domains. 
 
LO 3.1  The student is able to construct scientific explanations that use the structures 

and mechanisms of DNA and RNA to support the claim that DNA and, in some 
cases, that RNA are the primary sources of heritable information. 

 
LO 3.6  The student can predict how a change in a specific DNA or RNA sequence can 

result in changes in gene expression.  
 
LO 3.16  The student is able to explain how the inheritance patterns of many traits cannot 

be accounted for by Mendelian genetics.  
 
LO 3.18  The student is able to describe the connection between the regulation of gene 

expression and observed differences between different kinds of organisms.  
 
LO 3.24  The student is able to predict how a change in genotype, when expressed as a 

phenotype, provides a variation that can be subject to natural selection.  
 
LO 3.25  The student can create a visual representation to illustrate how changes in a 

DNA nucleotide sequence can result in a change in the polypeptide produced.  
 
LO 3.26  The student is able to explain the connection between genetic variations in 

organisms and phenotypic variations in populations.  
 
LO 3.43  The student is able to construct an explanation, based on scientific theories and 

models, about how nervous systems detect external and internal signals, 
transmit and integrate information, and produce responses.  
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4. Background and significance 
 
The Molecular Physiology of Taste 

G-protein-coupled receptors (GPCRs) are a large class of diverse and highly conserved proteins 

with seven transmembrane domains (Figure 1). Thousands of different human GPCRs have 

been identified. They play a role in a wide range of physiological processes, from hormonal 

communication to sensory perception. GPCRs are embedded in a cell’s plasma membrane 

where they interact with G proteins that trigger signal transduction cascades inside the cell.  

 

Figure 1. The seven-transmembrane structure of a G protein–coupled receptor, via Wikipedia 

 

Our ability to taste is mediated by GPCRs. Taste receptor genes of the TAS1R and TAS2R families 

encode GPCRs expressed in taste receptor cells of the gustatory papillae in the tongue. Various 

taste receptors mediate specific taste modalities (bitter, sweet, savory, etc.). Humans have 43 

different receptors for bitter taste within the TAS2R gene family. One of the best characterized 

taste receptors is encoded by the TAS2R38 gene. This receptor binds ligands such as 6-n-

propylthiouracil (PROP6) and phenylthiocarbamide (PTC), two chemicals similar to those found 

in bitter tasting vegetables. When ligands bind to the receptor they cause a conformational 

https://en.wikipedia.org/wiki/G_protein%E2%80%93coupled_receptor
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change in the TAS2R38 receptor protein, which activates a signal transduction pathway that 

ultimately transmits a nerve impulse to the brain letting it know “that’s bitter”.  

 

To taste or not to taste… determined by a single gene 

The TAS2R38 receptor is one of the only taste receptors for which variations at the DNA level 

are known to influence taste perception. Single nucleotide polymorphisms (SNPs) in the 

TAS2R38 gene have been associated with impaired bitter taste perception (for a broad genomic 

analysis of bitter taste perception see Roudnitzky et al., 20151). This is thought to be due to a 

deficit in signal transduction after the receptor binds to its ligands (such as the chemicals 

PROP6 and PTC). There are 3 SNPs commonly found on the TAS2R38 gene that are correlated 

with an individual’s ability to taste PTC, resulting in two alleles often referred to as PAV and AVI, 

as detailed in Table 1.  

Position 
(bp) 

Position  

(amino acid) 
Taster (PAV) 

 base             aa 
Non-Taster (AVI) 

base              aa 

145 49 C Pro G Ala 

785 262 C Ala T Val 

886 296 G Val A Ile 

Table 1. Polymorphisms within the TAS2R38 gene 

The PAV allele is associated with high sensitivity to the bitter taste of PTC (‘Taster’ allele), while 

AVI is associated with little or no sensitivity (‘Non-taster’ allele). In human populations we find 

individuals that are homozygous for PAV (‘strong tasters’), homozygous for AVI (‘non-tasters’), 

or heterozygous (‘moderate tasters’).  

Implications of SNPs in human health 

There are roughly 10 million SNPs in the human genome, and most of them have no known 

effect in health or development. Yet many SNPs have been linked to other forms of phenotypic 

                                                           
1 Roudnitzky N, Behrens M, Engel A, Kohl S, Thalmann S, Hübner S, Lossow K, Wooding SP, Meyerhof W. Receptor 
Polymorphism and Genomic Structure Interact to Shape Bitter Taste Perception. PLoS Genet. 2015 Sep 
25;11(9):e1005530. doi:10.1371/journal.pgen.1005530. eCollection 2015 Sep. PubMed PMID: 26406243; PubMed 
Central PMCID: PMC4583475. 
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variation besides sensitivity to PTC, including SNP association with certain diseases. In some 

cases SNPs may directly influence physiology (e.g. by directly altering the coding sequence for a 

gene), and in other cases they simply serve as biological markers that are associated with 

genetic traits (e.g. when they occur in the vicinity of a gene). Once phenotypic associations of 

SNPs are known, scientists can examine changes in the surrounding DNA in an attempt to 

identify the gene or genes responsible for the trait. Hence some SNPs can help predict a 

patient's risk of developing a certain disease.  

Some SNPs can also determine a patient’s differential response to a drug. About 50% of 

medicines on the market target GPCRs, therefore a better understanding of GPCRs and their 

associated polymorphisms may serve as a gateway to personalized medicine. Understanding a 

patient’s genotype at a specific pharmacological target can help predict their response to 

treatment, enabling healthcare providers to harness our growing understanding of SNPs to 

inform their practice.  

 

Today’s Lab 
 

Students will determine the genotype of SNP785 of their own TAS2R38 genes, in which a 

cytosine to thymine change at the nucleotide level results in an alanine to valine change at the 

amino acid level. At the same time students will test their ability to taste the bitter compound 

PTC and correlate it with their genotypes, which will later be tested through molecular analysis. 

Students will obtain cheek cells by taking a swab of the inside of their mouths and will isolate 

their genomic DNA by lysing the cells. Using their genomic DNA as template, students will 

amplify a 250 bp DNA region surrounding SNP785 of TAS2R38 using PCR. In order to distinguish 

between ‘taster’ and ‘non-taster’ alleles, students will perform a restriction digest of the PCR 

products using a restriction endonuclease that can only recognize and cleave the ‘taster’ allele 

(Figure 2). The cleaved DNA will result in two fragments of approximately 150 bp and 100 bp, 

while DNA corresponding to the ‘non-taster’ allele will remain intact at 250 bp. The difference 

in size will be visualized using gel electrophoresis. 
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Figure 2. PTC Taster Lab overview  
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5. Laboratory set-up manual 

Reagent Amount per 

group 

Storage Checklist 

miniPCR EZ PCR Master Mix, Load-Ready™  

● 2X Mix with Taq DNA polymerase 

● dNTPs (included) 

● PCR buffer with Mg2+ (included) 

● Gel Loading Dye (included) 

60 µL -20°C freezer   

PTC Primer Mix 

● 2X concentrate 

60 µL -20°C freezer  

X-TractTM Buffer 

●  DNA extraction buffer, alkaline lysis 

 

240 µL -20°C freezer or 

room 

temperature 

 

100 bp DNA Ladder, Load-Ready™  

● Pre-mixed with gel loading dye 

15 µL -20°C freezer  

Restriction Enzyme 

● Fnu4HI 

5 µL -20°C freezer  

PTC Taste Paper 

• PTC strips 

• Control paper strips 

4 strips of each Room temp.  

Flat-Head Toothpicks 4 sticks Room temp.  

DNA Staining Agent 

● e.g., GreenView Plus (for Blue light)  

Follow supplier 

instructions 

4°C, dark  

2% Agarose Gels 

● Electrophoresis grade agarose 

5 gel lanes per 

group (4 samples, 

plus 100 bp ladder) 

Room temp.  

1X TBE Electrophoresis Buffer  50 ml per blueGel™ Room temp.  

Su
p

p
lied

 in
 K

it 
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Equipment and Supplies Checklist 

PCR Thermal cycler: e.g. miniPCRTM machine  

Micropipettes 

• 0.5-10 µL: at least one for the classroom 

• 2-20 µL: one per lab group 

• 20-200 µL: one for the teacher 

• 100-1000 µL: one for the teacher 

 

Disposable micropipette tips  

PCR tubes: 200 µL microtubes, individual or in 8-tube strips (12 tubes per group)  

Plastic tubes: 1.5 or 1.7 mL tubes to aliquot reagents (4 tubes per group)  

Horizontal gel electrophoresis apparatus, e.g. blueGel™ by miniPCR  

DC power supply for electrophoresis apparatus  

Transilluminator: Blue light recommended (or UV with protective gear) 

• Not needed with blueGel™  

 

Scale for weighing agarose  

250ml flasks or beakers to dissolve agarose gel  

Microwave or hot plate to prepare agarose gel  

Microcentrifuge (optional, to briefly spin down kit components before use)  

Gel documentation system (optional, or use cell phone camera instead)  

Other supplies: 

● Disposable laboratory gloves 

● Permanent marker  

● Small beaker for material disposal 
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Planning your time 
 

This lab has 6 stages, and is designed to run in two 45-min class periods, or a single 3-h block 

 

 

A DNA extraction 

• 15 min 

PCR programming & monitoring 

• 5 min PCR programming 

• 15 min PCR monitoring, discussion 

Gel electrophoresis 

• 25 min   

Size determination & interpretation 

• 5 min   

 

 

Experimental Period 1 (~45 min) 

Preparation: Dispense 

reagents and prepare 

equipment  

• 20 min 

Preparation: Pour 

agarose gels  

• 20 min 

C 

E 

F 

PCR set up 

• 10 min 

D Restriction digest,  

PTC Taste test 

• 15 min   

 

Experimental Period 2 (~45 min) 

B 

Stopping point. miniPCR will run for approximately 1.5h 

Once PCR is completed, you can store PCR product  

in fridge (up to 1 week) or freezer (longer term) 
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Quick guide: Preparatory activities  
Suggested for 8 Student Groups (4 Students per group), 32 total samples tested 

 

A. DNA Extraction 

● Provide each group with 4 flat-end toothpicks or sterile loops 
● Each group will need 4 PCR tubes (200 µl) 
● Aliquot 240 µL of X-TractTM DNA Extraction Buffer per group (or µL 50 per student) 

 

B. PCR set up  

● Thaw primers and master mix by placing tubes on a rack or water bath at room temperature 
● Label and dispense the following tubes per group (for 4 PCR reactions): 

- X-TractTM DNA Extraction Buffer  240 µL 
- 2X EZ PCR Master Mix    60 µL 
- 2X PTC Primer Mix      60 µL 

● Each lab group will additionally need: 
- One 2-20µL micropipette  
- Micropipette tips and a small beaker or cup to dispose them 
- 4 PCR tubes (thin walled, 200 µL microtubes)  
- Permanent marker (fine-tipped) 

 

B. PCR programming and monitoring 

● Ensure lab benches are set up with a miniPCRTM machine and power supply 

 

C. Restriction digest 

● Each group will need 4 PCR tubes (thin walled, 200 µL microtubes) 
● One 0.5-10 µL micropipette to dispense restriction enzyme (may be shared by the class)  

 

E. PTC taste test 

• Each student will need 1 PTC paper strip 

• Print out a table or spreadsheet to record taster phenotypes (e.g., non-taster) and genotypes 
 

F. Gel electrophoresis 

• Gels can be poured in advance of the class (described in section 6E) 

• 5 Lanes per group (4 Test Samples + 1 lane for DNA ladder), e.g. 40 lanes for 32 students 

• Pre-poured gels can be stored in the fridge, in a sealed container or in plastic wrap, in the dark 

• If doing the gel run on a different day than the PCR run, completed PCR tubes can be stored in 
the fridge for up to one week until they are used, or in the freezer for longer-term storage 

 

G. Size determination and interpretation 

● Have the banding pattern of the 100bp DNA Ladder handy to help interpret the electrophoresis 
results (see page 23)  
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6. Laboratory guide 

A. DNA Extraction  
 

1. Extraction Tube Preparation:  

● Dispense 1 PCR tube (200 µL thin-walled PCR tube) per student 

● Label tube on the side, not cap, of the tube with the student’s initials 

  

2. Add 50 µL of X-TractTM DNA Extraction Buffer to each 200 µL tube 

 

NOTE: for maximum DNA extraction efficiency, please abstain from eating or 

chewing gum ~20 minutes prior to cheek cell collection 

 

3. Scrape the inside of your cheek 5-6 times with a flat-end toothpick to collect cells at the 

end of the toothpick  

Rub gently along cheek, it shouldn’t hurt! 

 

 

4. Dip the toothpick in the 200 µL tube swirling it in X-TractTM Buffer 

• Swirl toothpick thoroughly in the buffer to release cells 

 

5. Tightly cap the tubes  

 

 

6. Incubate the tube in miniPCRTM for 10 minutes at 95°C 

● Insert tubes and close the PCR machine lid and gently tighten the lid using the 

adjustment knob 

● Use miniPCRTM Heat Block mode, or alternatively use a 95°C heat block or water 

bath. If you use a heat block or water bath make sure to put pressure on the lids, 

otherwise the lids might pop open. 

 

7. Remove tubes from heat and let them rest in a tube rack at room temperature 

● We recommend using the DNA extract immediately for PCR  
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B. PCR set up 

 
1. PCR Tube Preparation: Label 4 clean PCR tubes (200 µL thin-walled tubes) per group  

• Student’s initials on the side wall of the tube  

 

 

Remember to change tips at each of the following steps! 

 

2.  Add PCR reagents to each tube  

• 12.5 µL PTC Primer Mix 

• 12.5 µL EZ PCR Master Mix 

 
 
 

3. Add DNA samples to each new tube 

• 3µL Student DNA extracts from the top of the solution 

• Pipette up and down to mix directly into the PCR solution 

• If there is a cloudy precipitate at the bottom of the tube be careful not to 

transfer it to the PCR set up 

 

 

4. Cap the tubes 

● Make sure all the liquid volume collects at the bottom of the tube  

● If necessary, spin the tubes briefly using a microcentrifuge, or tap them on 

the benchtop 

● Press firmly on the tube caps to ensure a tight fit 

 

 

5. Place the tubes inside the miniPCRTM machine 

● Close the PCR machine lid and gently tighten the lid  

 

 

 

 

  

PCR Tube (Test Groups) 

PTC Primer Mix 12.5 µL 

2X EZ PCR Master 

Mix 

12.5 µL 

 

Template DNA 3 µL 

   28 µL 
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PCR programming and monitoring (illustrated using miniPCRTM software) 

1. Open the miniPCR software app and remain on the "Protocol Library" tab 

  

2. Click the "New Protocol" button on the lower left corner 

3. Select the PCR "Protocol Type" from the top drop-down menu 

4. Enter a name for the Protocol; for example "PTC Taster Lab – Group 1" 

5. Enter the PCR protocol parameters:  
● Initial Denaturation  94°C  120 sec 
● Denaturation    94°C  10 sec 
● Annealing     58°C  15 sec 
● Extension    72°C  40 sec_ 
● Number of Cycles   30___________                      
● Final Extension   72°C  5 sec__ 
● Heated Lid    ON 

6 

7 

1 

3 

2 

4 

5 
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6. Click "Save" to store the protocol 

7. Click “Upload to miniPCR” (and select the name of your miniPCR machine in the pop-up 
dialogue window) to finish programming the thermal cycler.  

8. Make sure that the power switch in the back of miniPCR is in the ON position 

9. Click on “miniPCR [machine name]” tab to begin monitoring the PCR reaction (the 
miniPCR serial number can be found on the back of the miniPCR). 

 
The miniPCRTM software allows each lab group to monitor the reaction parameters in real 

time, and to export the reaction data for analysis as a spreadsheet. 

 

10. Once the PCR run is completed (approximately 90 min), the screen will display: 

  “Status: Completed”. All LEDs on the miniPCR machine will light up. 

 

You can now open the miniPCR lid and remove your tubes.  

o Be careful not to touch the metal lid which may still be hot 
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C. Restriction Digest and PTC Taste Test 

1. Digest Tube Preparation: Label 4 clean PCR tubes (200 µL thin-walled tubes) per group 

• Student’s initials on the side wall, followed by “-R” (e.g. SK-R) 

  

2. Add 14 µL of PCR Product to the bottom of each Digest Tube 

 

3. Add 1µL of Restriction Enzyme to each Digest Tube, directly into the PCR product. 

• Use a 0.5-10.0 µL range micropipette 

• Pipette up and down to mix well. This mixing is critical for efficiency of the digest 

 

 Volume 

PCR Product 14 µL 

Restriction Enzyme 1 µL 

FINAL VOLUME 15 µL 

 

4. Cap the tubes 

● Make sure all the liquid volume collects at the bottom of the tube  

● If necessary, spin the tubes briefly using a microcentrifuge 

 

5. Place the tubes inside the miniPCR machine 

● Press firmly on the tube caps to ensure a tight fit 

● Close the PCR machine lid and gently tighten the lid  

  

6. Incubate in the miniPCR machine 15 minutes at 37°C 

a. Open the miniPCR software app and remain on the "Protocol Library" tab 

b. Click the "New Protocol" button on the lower left corner 

c. Select the “Heat Block” Protocol Type from the top drop-down menu 

d. Enter a name for the Protocol; for example "Restriction Digest – Group 1" 

e. Enter the Heat Block parameters:  

• Heat Block    37°C, 15 minutes 
f. Click "Save" to store the protocol 

g. Click “Upload to miniPCR” (and select the name of your miniPCR machine in the 

dialogue window) to finish programming 

h. Make sure that the power switch in the back of miniPCR is in the ON position 

i. Click on “miniPCR [machine name]” tab to begin monitoring the incubation  
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7. PTC taste test (while Restriction digest is running) 

a. Begin by asking students to taste “control” paper strips to establish a baseline, this 

can be any chemical-free paper (e.g. thin strips of standard printer paper) 

b. Pass out PTC paper strips to students, one per student 

c. Ask students to taste paper, and record their ability to taste the PTC chemical (i.e. 

non taster, weak taster, strong taster) 

d. Collect class data, if possible 

Student Name 
Assessed  

Phenotype 

Predict 

Genotype 

Actual  

Genotype 

 Strong taster   

 Moderate taster   

 Non-taster   

 …..   

    

    

    

    

    

    

    

    

    

    

 

8. Once the Restriction Digest is completed (15 min), open miniPCR lid and remove tubes 

 

9. The restriction digest must be used immediately for Gel Electrophoresis 

Because Fnu4HI enzyme cannot be heat inactivated, we do not recommend 

storing the digest for use at a later date, as it may result in sample degradation 
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D. Gel electrophoresis – Pouring agarose gels (Preparatory activity)  

If this lab is going to be performed over two class periods, gels can be prepared 

up to one day ahead of the second period and stored in a refrigerator, covered in 

plastic wrap and protected from light. 

1. Prepare a clean and dry agarose gel casting tray  

● Seal off the ends of the tray as indicated for your apparatus (not needed 

for blueGel™ users) 

● Place a well-forming comb at the top of the gel (5 lanes or more) 

2. For each lab group, prepare a 2% agarose gel using electrophoresis buffer 

● Adjust volumes and weights according to the size of your gel tray 

● For example, add 1 g of agarose to 50 ml of electrophoresis buffer 

● blueGel™ users: add 0.4 gr of agarose to 20 ml of 1X TBE buffer 

● Mix reagents in glass flask or beaker and swirl to mix 

● If pouring more than one gel you can dissolve all the agarose at once (e.g. 

4g in 200 ml for 10 blueGels) 

3. Heat the mixture using a microwave or hot plate 

● Until agarose powder is dissolved and the solution becomes clear 

● Use caution, as the mix tends to bubble over the top and is very hot 

4. Let the agarose solution cool for about 2-3 min at room temperature.  

● Swirl the flask intermittently 

5. Add gel staining dye (e.g. GreenView™ Plus available at miniPCR.com) 

● Follow dye manufacturer instructions 

● Typically, 10 µL of staining dye per 100 mL of agarose solution 

Note: We recommend the use of safe alternatives to ethidium bromide. 

6. Pour the agarose solution into the gel-casting tray with comb 

7. Allow gel to completely solidify (until firm to the touch) and remove the comb 

● Typically, ~10 minutes 

8. Place the gel into the electrophoresis chamber and cover it with 1X TBE electrophoresis 

buffer 
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Gel electrophoresis – Running the gel  

1. Make sure the gel is completely submerged in electrophoresis buffer 

● Ensure that there are no air bubbles in the wells (shake the gel gently if 

bubbles need to be dislodged) 

● Fill all reservoirs of the electrophoresis chamber and add just enough 

buffer to cover the gel and wells 

● blueGel™ users: Use no more than 25 ml of 1X TBE electrophoresis buffer  

2. Load DNA samples onto the gel in the following sequence 

● Lane 1: 10µL DNA ladder 

● Lane 2: 12µL Restriction Digest from Student Sample 1  

● Lane 3: 12µL Restriction Digest from Student Sample 2  

● Lane 4: 12µL Restriction Digest from Student Sample 3  

● Lane 5: 12µL Restriction Digest from Student Sample 4  

* You will need 5 Lanes per group (i.e. 1 Ladder + 4 Samples) 

Note: there is no need to add gel loading dye to your samples. 

The miniPCR EZ PCR Master Mix and 100 bp DNA Ladder Load-Ready™ come 

premixed with loading dye, and ready to load onto your gel! 

3. Place the cover on the gel electrophoresis box 

● Ensure the electrode terminals fit snugly into place 

4. Set the voltage at 100-130V and conduct electrophoresis for 15-20 minutes, or until the 

colored dye has progressed to at about half the length of the gel (if using blueGel™, 

simply press the “Run” button.) 

● Check that small bubbles are forming near the terminals in the box 

● Longer electrophoresis times will result in better size resolution 

5. Once electrophoresis is completed, turn the power off and remove the gel from the box 
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E.  Size determination and interpretation 
 

1. Place the gel on the blue-light transilluminator 

● If using blueGel™ simply press the illuminator button 

● If using UV light, cover any exposed skin and cover eyes with UV-

protective goggles 

2. Verify the presence of PCR product 

3. Ensure there is sufficient DNA band resolution in the 100-300 base pair (bp) range of the 

100bp DNA ladder 

● Run the gel longer if needed to increase resolution 

● DNA ladder should look approximately as shown 

 

 
 

100 bp DNA Ladder visualized by ethidium bromide 

staining on a 1.3% TAE agarose gel.  

Source: New England Biolabs 

 

4. Document the size of the PCR amplified DNA fragments by comparing the PCR products 

to the molecular weight reference marker (100 bp DNA ladder) 

● Capture an image with a smartphone camera or if available, use a Gel 
Documentation system  
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F. Expected results and troubleshooting guide 
 

Before restriction digest, PCR product for both the taster and non-taster alleles should migrate 
on agarose gel electrophoresis as a single band at 250 base pairs (bp).  

 

After PCR product has been cut with the restriction enzyme Fnu4HI: 

• The non-taster allele should migrate at 250bp 
• The taster allele should migrate as two separate fragments,  

o one 150bp band, and one 100bp band 

 

Hence, there will be two common outcomes for phenotypic tasters: 

1. A homozygous taster will typically display two bands: one at 150bp and one at 100bp 

2. A heterozygous taster will display three bands: one at 250bp, one at 150bp, and one at 
100bp 

3. A non-taster will display only one band: 250bp 

 

 

 

 

 

 

 

 

 

 

Possible primer 
dimer formation 

Expected PCR 
products 
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Presence of spurious, low-molecular weight bands at the bottom of the gel is not uncommon. 
These bands are usually “primer dimers” resulting from PCR primers binding onto each other 
and not the template DNA, replicating the primer itself and not the target DNA sequence.  

 

Troubleshooting 

The absence of a band may be attributed to inefficiency at different steps: 

• The DNA was not extracted thoroughly—no cells on the toothpick 

• The cheek cells were not properly dislodged into the X-tract Buffer 

• Inefficient alkaline cell lysis and DNA extraction 

• Insufficient PCR amplification: suboptimal primer, Taq polymerase, nucleotides, or PCR 
parameters 

• The restriction digest was incomplete: not long enough, insufficient enzymatic activity 
of the restriction endonuclease (Fnu4HI) 

o A faint band at 250 after digestion along with the presence of the 150 and 100bp 
bands COULD be the result of an incomplete digest, NOT a heterozygous 
genotype.  

o On the other hand, excessive incubation with some restriction enzymes may lead 
to sample degradation due to non-specific nuclease activity (star activity) 

• Insufficient electrophoresis run or gel resolution 

o A thick band (double band) at ~150 bp after the digest could represent both the 
150 bp and 100 bp bands:  Let the gel run longer for better separation, or run 
again at higher agarose concentration (2.4%) 

• Other sources of experimental error 

o Describe them: 
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7. Study questions - Pre-lab  
 

1. Genetics of PTC sensitivity 

PTC, or 1.______________________, was discovered accidently in a lab by the scientists Arthur L. 

Fox and C.R. Noller.  One night in his lab Fox accidentally over-poured PTC and complained of the 

2.________ taste in the air as the powder diffused around him. His colleague Noller, on the other 

hand, tasted 3.________.  Intrigued by the vast differences in their tasting Fox and Noller went on to 

explore the phenomenon further and to find an 4.___________ for why only one of them could 

taste PTC while the other could not.  They then gathered hundreds of people and had them sample 

PTC. They found that about 25% of respondents said they did not taste anything.  Through further 

experimentation they ultimately found that a single gene was responsible for the 5.___________ in 

taste perception of PTC.  We now know that polymorphisms in the TAS2R38 receptor are associated 

with differences in bitter taste perception.  This phenotypic difference is passed down from 

6.__________ to 7.__________ in a Mendelian fashion.  At the DNA level, the two most common 

8.___________ for PTC differ in three 9._____________.  Each of these nucleotide differences is 

known as a SNP, for 10.__________ ____________  _____________ . 

 

2. Mendelian inheritance of PTC sensitivity 

Sensitivity to the bitter taste of PTC is passed along from parents to offspring in a Mendelian 

fashion. This pattern can be analyzed using a Punnett square. In the example below, we observe the 

four possible genotypes for the offspring of two parents for the “Taster Gene”, where “T” represents 

the dominant allele (Taster phenotype) and “t” represents the recessive allele (Non-Taster). 

 

Suppose a heterozygous parent marries someone who is also heterozygous at the “Taster” locus.  

a. What genotypes would you expect in the progeny? What phenotypes? 

b. What type of cross is this? What allelic frequencies would you expect? 

 

 

 

 

 

 

Punnett Square Parent 1  

P
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t 
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t   
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3. Neurophysiology of taste 

Taste receptors, or gustatory cells, are found in the 1._________ clustered in a group called a 

2.________ _________.  Gustatory papillae convey to the brain whether a food is salty or sweet, 

among other qualities. Humans have about 3.________ different receptors for bitter taste. These 

receptors are transmembrane proteins of the 4.___-_________  coupled receptor family.  

 

4. Predict your taster phenotype and genotype 

a. Predict whether or not you will exhibit the PTC taster phenotype. 

 

b. If you are a taster of PTC, what are your possible genotypes at the TAS2R38 locus? 

 

c. In which ways can single nucleotide polymorphisms (SNPs) affect the function of a gene?  

 

d. What do we mean when we say a SNP is associated with a certain phenotypic trait?  

 

e. Why do you think the three SNPs in the TAS2R38 gene are inherited together (haplotype)?  

 

5. G-Protein Coupled Receptors (GPCRs) 

a. What is the subcellular localization of GPCRs? 

 

b. List 3 known functions of GPCRs. 

 

c. List 3 types of cells that might be rich in GPCRs. 

 

  



Version: 1.1, May 2016 
© 2015 by Amplyus LLC 

 

miniPCR Learning LabsTM – PTC Taster Lab – Instructor’s Guide | 28  
 

Instructor’s Guide 

Study Questions - During the Lab 
 

1. DNA Extraction 

a. During DNA extraction we heated the cheek cells to 95°C. Why? 

 

b. Explain the role of the following components of a DNA extraction buffer: 

• Detergent: 

• Chelating agent: 

• Basic (alkaline) ions: 

 

2. Polymerase Chain Reaction (PCR) 

c. What is happening to DNA molecules at each step of the PCR cycle? 

• Denaturation: 

• Annealing:  

• Extension:  

 

d. What is the purpose of the following PCR mix components? 

• dNTPs: 

• Mg+2: 

• Taq DNA polymerase: 

 

e. What temperature do you think is optimal for most enzymes? 
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• What feature of Taq DNA polymerase makes this enzyme uniquely suited for PCR? 

 

f. How many additional DNA molecules are there at the end of each PCR cycle?  If the PCR 

consists of 30 cycles, how much more DNA will there be after the PCR completes? 

 

g. Which of the following is NOT a characteristic of PCR primers? 

A. Short synthetic oligonucleotide 

  

B. Typically 18-25 bases in length 

 

C. Double stranded DNA 

 

D. Unique homology to the DNA template 

 

E. Sequence with ~50% G:C content 

 

3. Restriction Digest 

 

a. Shown below is a partial sequence of your expected PCR product for the taster TAS2R38 allele. 

Draw a box around the Fnu4HI restriction enzyme recognition site. Draw lines to illustrate where 

you expect the restriction enzyme will cut. How would the non-taster allele differ? 

 

5’  C  T G C  T T C T T  T G T G  A T  A T  C A T C C T G T G  C T  G C C  T T  C  A T C  T C T G T G C C  C  C  T A C T 3’ 

 

3’ G A C G A A G A A A C A  C T A T A G T A G G A C A  C  G A  C G G A A  G T A G A G A C A C G G G G  A T  G A 5’ 

 

 

b. What type of chemical bond is the Restriction Enzyme hydrolyzing (breaking)? 

 

c. Why is this enzyme called a restriction endonuclease? How is it different from an exonuclease? 

 

d. Why do we keep enzymes on ice when not in use? What does ice do to enzymatic activity? 

 

e. After the restriction digest, what is the expected size of the DNA fragments for the “Taster” 

allele?  
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Study questions - Post Lab  

a. After tasting PTC paper, what did you expect your Taster genotype to be?  

 

b. Did this match your experimental results? 

 

c. What percentage of your class could taste PTC? What percentage couldn’t? Did the 
experimental results match these distributions? 
 

d. What would be the expected allelic frequencies in a T/t x T/t cross? (Taster/non-Taster) 

 

e. Speculate what adaptive advantage might exist for animals able to taste PTC 

 

f. Speculate what adaptive implications might exist for humans able or unable to taste PTC 

 

g. Do you think the allelic frequencies of Taster and non-Taster vary across populations? Why? 

 

h. Why might someone with a heterozygous genotype find that they are unable to taste PTC? 
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8. Student-centered investigations and extension activities 

Student Centered Investigations 

 

Investigation 1: Calculate Hardy-Weinberg equilibrium for your class data. 

• Aggregating class data will give you counts of each genotype. 

• Use genotype data to count the total number of each allele in your student 

population. This can be used to calculate the proportion (p and q) for each. 

• Use the allele data to calculate the predicted genotype distribution using the Hardy-

Weinberg equation. 

• Compare the predicted genotype distribution with the actual distribution using a χ2 

test.  

• An excel spreadsheet is available here on the miniPCR website to use as a data table. 

  

https://www.minipcr.com/wp-content/uploads/miniPCR-Hardy-Weinberg-Calculator.xlsx
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9. Ordering information 

 

To order miniPCRTM PTC Taster Lab Kits: 

• Phone: (781)-990-8PCR 

• Email: orders@minipcr.com  

• Online: www.minipcr.com 

 

miniPCRTM PTC Taster Lab Kit (catalog no. KT-1004-03) contains: 

Materials are sufficient for a class of 32 students working in 8 lab groups 

• 2X EZ PCR Master Mix, Load-Ready™  

o includes Taq DNA polymerase, dNTPs, PCR buffer, and gel-loading dye 

• PTC Lab 2X Primer Mix    

• Restriction Enzyme Fnu4HI     

• 100bp DNA Ladder, Load-Ready™  

• X-Tract™ Buffer (can be stored at ambient temperature) 

These components should be kept frozen at -20°C  

Reagents must be used within 12 months of shipment 

 

Other reagents needed (not included in the kit): 

• Agarose (electrophoresis grade) 

• DNA staining agent (e.g., GreenView Plus available at minipcr.com) 

• Gel electrophoresis buffer (e.g., TBE, available as 20X stock at minipcr.com) 

• Distilled or deionized H2O 

• Toothpicks (flat-headed) 

• PTC paper (available on Amazon.com) 

  

mailto:orders@minipcr.com
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10. About miniPCRTM Learning Labs 

 

This Learning Lab was developed by miniPCRTM in an effort to make molecular biology 

and molecular physiology more accessible.   

We believe that there is no replacement for hands-on experimentation in the science 

learning process. Our goal is to augment everyone’s love of scientific inquiry and STEM. 

We develop miniPCR Learning Labs™ to help achieve this goal, working closely with 

educators, students, academic researchers, and others committed to science education. 

The guiding premise for this lab protocol is that a PCR-based lab plan based on real-life 

human genetics provides the right balance between intellectual engagement, 

experimentation, inquiry, and discussion.  The design of this lab has simplified certain 

elements to achieve these goals: the analysis of bitter-tasting TAS2R38 haplotypes is 

reduced to variability at the SNP785 locus2. We use restriction digest analysis of a single 

SNP rather than a more complex restriction analysis to simplify interpretation and 

discussion of the results.  Similar designs have been incredibly effective for other very 

successful educational lab courses, to which we owe inspiration3. 

Starting on a modest scale working with Massachusetts AP Biology Summer Institute 

educators, this miniPCRTM Learning Lab has been received well, and its use is growing 

rapidly through academic and outreach collaborations.  

Authors: Ezequiel Alvarez Saavedra, Ph.D., Sebastian Kraves, Ph.D., Leslie Prudhomme, 

Mandi Nyambi. 

 

 

                                                           
2 For a detailed discussion of the genetics of bitter taste perception, see: Roudnitzky N., et al., Receptor 
Polymorphism and Genomic Structure Interact to Shape Bitter Taste Perception. PLoS Genet. 2015 Sep 
25;11(9):e1005530. doi:10.1371/journal.pgen.1005530. eCollection 2015 Sep. PubMed PMID: 26406243; PubMed 
Central PMCID: PMC4583475. 
3 See, for example: Bouakaze C, et al. "OpenLAB": A 2-hour PCR-based practical for high school students. Biochem 
Mol Biol Educ. 2010 Sep;38(5):296-302. doi: 10.1002/bmb.20408. PubMed PMID: 21567848. 


