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Introduction:
Most of the ideas of this lab have been adapted from the handout developed by Molly Burke, Oregon State, Cts: Roy Center and Lee Kelly, NSF GK-12 Workshop, 10, 24th, 2009.   
The teacher may borrow or rent molecular Bio-lab equipment from a university outreach program, or write a grant to purchase it such as Perkins grant. 
Description:
This lab provides a hands-on laboratory experience that reinforces the understanding of molecular biology and DNA technology. During the lab: the students taste PTC paper (phenylthiocarbamide) to determine their own phenotype of tasting bitter substances, predict their own genotype, use their own cells to extract DNA, and isolate the gene that is responsible for tasting a bitter chemical to determine their genotype. Through the use of the Bio-molecular techniques: DNA extraction, PCR amplification, restriction enzyme screening, and gel electrophoresis, the students determine their actual genotype. This lab enables the students to understand the connection between the DNA topic they study and their daily life; reinforce the scientific method, and present students with real-world scientific applications for a future STEM career. TAS2R38 gene was selected to demonstrate the relationship between genotype and PTC-tasting phenotype, because it has no relationship to disease states or sex determination.
Learning objectives: the students will be able to
1.  Understand the relationship between phenotype and genotype.
2.  Describe DNA structure, replication, and how heredity info is coded by genes’ sequences.
3.  Use common molecular techniques used by research scientists.
4.  Explain the technology, scientific processes, and logic used in scientific investigation.
In addition to the mentioned objectives, these concept goals enable the students to use heredity and human genome knowledge to evaluate their personal, community and national health issues. These issues include genetic disorders therapy and engineering and its legal and ethics issues. 
Pre-requisite knowledge/ skills:
Before implementing these lab activities, students need to understand the basic mechanics of genetic inheritance, use of Punnett square and associated vocabulary such as: gene, allele, genotype, phenotype, homozygous dominant/strong taster, heterozygous/weak taster, and homozygous recessive/non-taster. The gene that codes for the ability to taste a bitter chemical (PTC), has two alleles, a taster allele (T) and a non-taster allele (t). In mammals, this is a diploid gene; every individual has two copies of this gene/ two alleles. Each person’s genotype is determined by the alleles they posses. A homozygous dominant genotype consists of two taster alleles, a heterozygous genotype consists of one taster allele and one non-taster allele, and a homozygous recessive genotype consists of two non-taster alleles. 
Pre-Lab questions:
How many possible phenotypes are there for the ability to taste and not taste? How many possible genotypes are there for any gene? What alleles does a strong taster possess? What alleles does a weak taster possess? What alleles for not tasting bitterness?
Lab Duration: 5 days
Target grade level(s): 10-12 grades
Target subject(s): High School Molecular Biology
Alignment with Next Generation Science Standards:
LS1.A:  Structure and Function:
·  All cells contain genetic information in the form of DNA molecules.
· Genes are regions in the DNA that contain the instructions that code for the formation of proteins, which carry out most of the work of cells.
Science and Engineering Practices:
· Conduct an investigation individually and collaboratively to produce data to serve as the basis for evidence to answer a question e.g.“How are the characteristics from one generation related to the previous generation.
· Draw evidence from informational texts to support analysis, reflection, and research.
Background:
To introduce the major idea of “the molecular basis of heredity”, high school students need to demonstrate understanding of the relationship of DNA in the processes of cellular division that pass traits from one generation to the next. They also need to have understanding of basic mechanics of Mendelian genetics, genetic inheritance patterns, and the primary structure of DNA and vocabulary knowledge associated with these concepts.
I introduced the topic by teaching the history of the heredity idea; how Mendel used the scientific approach in his experiments and how he deduced the inheritance laws (appreciate the scientific observation and thinking in our life and "how we know" what we know in science), and discussing the different patterns of inheritance. I instructed the students to apply/ relate these patterns to their own family, dogs, chicken, rabbits, or plants. In a small group work, students built DNA model using Lego and illustrated it on paper with colored pencils (to understand the nucleotide structure and the base pairing rule). I asked the students if they know what genetic engineering is. Discuss genetic engineering popular topics such as Jurassic Park, paternity tests, forensics, etc. to get the students interested into the topic.

Preparation Time: (about 2 days) make sure your power outlets support the equipment and give yourself more time than you ever think you need to prepare the solutions and materials.
 
Preparation notes for materials, equipment, and supplies
Before beginning the activity, students should not be eating food or have gum or other candy in their mouths. Also, students should avoid kissing another person, or sharing beverage straws or water bottles since these activities can transfer foreign DNA into the student’s mouth. Students are required to wear gloves during the entire procedure. Failure to wear gloves may cause equipment or reagent contamination. This can be a long activity and it is best to have students in place at their lab stations or work areas immediately when the class period begins.
Lab Materials and Recipes 

Recipes for DNA Extraction: activity takes about 45 minutes
Up to 24 hours before class starts prepare:

· 0.9% saltwater solution (isotonic): 
9 g NaCl (table salt) and 1 gallon distilled water
Procedure and Precautions: 
Mix NaCl and water. Cap the distilled gallon and store at room temperature for use; it lasts for months. Some students object to swishing their mouths with saltwater; explain to them that saltwater solution used in this activity is 0.9% (seawater is 3%). It is a mild saline solution and in many cases students can barely taste the salt. 
· Students not to spit or have the saltwater come out of their nose while swishing. If this happens or if the cup with saliva is spilled, the lab area is contaminated and must be cleaned before proceeding and gloves must be changed. 
· Pour saline solution  in the  paper cups; enough to cover its bottom. 
· The side of the 1.5 mL centrifuge tubes is numbered. Make sure the students pour their saliva solution up to the 1.0 mL mark, not to the 0.1 mL mark.
· Gallon drinking water purchased is OK, but do not use tap water even if it is filtered. 
It contains minerals that may cause the extraction and subsequent reactions to fail. 

· 10% Chelex bead/ water solution: 
5 g Chelex (sodium form 50-100 dry mesh) and 50mL distilled H20
Procedure and Precautions: 
Suspend Chelex beads in water to mix. Pour Chelex bead from the weighing boat into the water solution to ensure even distribution of beads and water. 
· Store the stock Chelex bead/water solution at room temperature in a capped tube (50 mL centrifuge tube). 
· Students must place their tubes in a balanced configuration. If the samples are not balanced the centrifuge can be damaged.  If there are an odd number of students, add a “blank” tube using a 1.5 mL centrifuge tube with 1 mL of water.
· Cut the pipette tip to transfer the bead/water solution and aliquot 100 uL of the solution into 1.5 mL microcentrifuge tubes (1 tube of 100 uL per student);  takes about 30 minutes depending on pipetting skill and class size.
· Make sure that students pipette only 25 uL from their clear DNA solution and do not dislodge the pellet at the bottom of the tube. Remind students to always switch tips if they are sharing pipettes, and for each different step. DNA samples can be stored in the freezer or refrigerator for subsequent use.
· Make sure your power outlets support the lab equipment
Immediately before class begins or during the first 5 minutes:
· Turn on the water bath. Allow time to bring the water to temperature; the extraction will not work unless the water is 95°-100°C.
· Pour the saltwater solutions into the appropriate number of cups 
Recipes for PCR Master Mix: (should only take about 15 minutes)

6.0 uL de-ionized H20
8.0 uL ABgene Reddy Mix (stored at -4°C, defrost for use)
0.5 uL forward primer (10mM concentration, stored at -4°C, defrost for use)
0.5 uL reverse primer (10mM concentration, stored at -4°C, defrost for use)

Procedure and Precautions: 
· Once defrosted, place ABgene and primer tubes on ice while prepping the master mix.
· Calculate total volume needed for your class (example below).
·  Pipette individual reagents into a 1.5 mL microcentrifuge tube. Cap and flick (or vortex) the tube to mix. 
· Aliquot 15.0 uL into a 0.2 mL microcentrifuge tube/ one tube per student. 
· Cap and store aliquoted tubes in a 96-well microcentrifuge tube rack in either a refrigerator (4°C) or freezer (-4°C) prior to classroom use. 
· Samples can be mixed, aliquoted, and stored up to 24 hours prior to use.

Master mix total volume calculation example:
If a class has30 students, each reagent is multiplied by 30 with 10 % for pipette error.
30 x 0.10 = 3
Multiply each reagent by 33
6.0 uL		x 33		= 198.0 uL de-ionized H20
8.0 uL		x 33		= 264.0 uL ABgene Reddy Mix
0.5 uL		x 33		= 16.5 uL forward primer
0.5 uL		x 33		= 16.5 uL reverse primer
			Total     = 495 uL; 15 uL per tube/ student

· Recipes for Thermal cycler settings (program: PTC PCR):
95°C for 30 seconds to denature the double stranded DNA, 68°C for 30 seconds so the primer can anneal to the single stranded DNA,72°C for 30 seconds  so the polymerase enzyme extend the strand from the primer (40 cycles), 72°C for 1 minute, and hold @ 4°C

Procedure and Precautions:
· Each student needs his/her tube of DNA as well as the 0.2 mL tube of PCR master mix.  
	The master mix is pink because it has loading dye supplied for the downstream gel 	electrophoresis step. 
· There should be plenty of time left over after the reaction is set up to review PCR reaction principles with the students. You may need to combine this activity with the DNA extraction activity in long class periods.
· Ask the students to label tubes on the top and side with initials – ink can be worn away in the thermal cycler or during handling. Make sure students completely close the cap on the PCR tube to prevent samples evaporation during the thermal cycler processing.
· The thermal cycler will keep the samples at 4°C until you turn it off.  So, you can leave these samples in the machine overnight (make sure the janitorial staff won’t turn it off).  Store samples in the fridge until next use if you take them out of the thermal cycler.
Recipes for Restriction Enzyme digestion

· Recipes for Restriction Enzyme Mix: should only take about 15 minutes prep
3.8 uL de-ionized H20
0.5 uL 10X HaeIII buffer (stored at -4°C, defrost for use)
0.2 uL BSA (Bovine Serum Albumin) stored at -4°C and defrost for use
0.5 HaeIII restriction enzyme (stored at -4°C, defrost for use)

Procedure and Precautions: 

· Once defrosted, place HaeIII buffer, BSA, and HaeIII restriction enzyme tubes on ice while prepping the mix. 
· Calculate total volume needed (example below) and pipette individual reagents into a 1.5 mL microcentrifuge tube. 
· Cap and flick (or vortex) the tube to mix. 
· Aliquot 5.0 uL into a 0.2 mL microcentrifuge tube. Use one tube per student.
· Cap and store aliquoted tubes in a 96-well microcentrifuge tube rack in either a refrigerator (4°C) or freezer (-4°C) prior to classroom use. 
· Samples should be mixed, aliquoted, and stored on the day of use 
· do not store overnight, it will cause the enzyme to lose activity.

Restriction Enzyme mix total volume calculation example:
For 30 students in the class, each reagent multiplied by 30 with 10% for pipette error.
30 x 0.10 = 3
Multiply each reagent by 33
3.8 uL		x 33		= 125.4 uL de-ionized H20
0.5 uL		x 33		= 16.5 uL ABgene Reddy Mix
0.2 uL		x 33		= 6.6 uL forward primer
0.5 uL		x 33		= 16.5 uL reverse primer
			Total    = 165 uL; 5 uL per tube/ student

· Thermal cycler settings (Restriction Enzyme Digestion for PTC PCR program): 
37°C for 60 minutes, and 4°C hold

Procedure and Precautions:
 
· Each student needs his/her tube of PCR product as well as the 0.2 mL tube of restriction enzyme mix.  Have students label the tubes “U” (PCR product) and “D” (enzyme mix) as soon as possible to avoid confusion.
· There should be plenty of time left over after the reaction is set up to review restriction enzymes.  This would also be a good time to have students practice loading gels.
· If the restriction enzyme digestion is going to be stored for more than 24 hours after it has been digested, the tubes must be placed in the freezer.


Recipes for Gel electrophoresis: 
(15 min. loading time, 30 min. run time, 15 min. visualization time)
· Buffer / TBE Recipe
0.5X TBE: 50 mL 10X TBE (Tris/Borate/EDTA), 950 mL de-ionized water 
Procedure and Precautions
· Measure and mix TBE and H2O in a 1 liter (or greater) container.
·  Cap and store mix at room temperature. 
· Do not use tap water even if it is filtered – it contains minerals, and salts that interfere with the electrophoresis process.

· Gel Recipe
2% agarose gel: 2 grams agarose 100 mL 0.5X TBE
Procedure and Precautions: 
· Measure TBE in a 250 mL Erlenmeyer flask, add 2 grams agarose, and swirl to mix. 
· Heat to boiling the mixture until the liquid is clear; no particulate matter floating.
· This can be done in a microwave or a hot-plate double boiler. Be sure the fluid does not boil over – in a microwave watch through the door and stop power if the liquid begins to foam – on a hot plate, remove the flask from the heat. 
· Let cool at room temperature for 5 minutes. Add 4.0 uL of SYBER Safe and swirl to mix.
· 4. Pour the TBE agarose solution into the gel mold and put the comb(s) in place. 
There is the option for creating gels with one or two rows of 8 wells. 
· 5. Cool at room temperature until the gel is solid; takes about 30 min. Remove combs, and the gel is ready for use or store in a plastic bag wrapped in aluminum foil in the refrigerator for one week - after 1 week DNA may not visualize on the gel.
· SYPER Safe stained gels can lose their fluorescent activity after one week.
· If you practice loading gels, you do not need to add SYBER Safe, and you may use food coloring instead of using DNA sample if you don't have enough.
· Be sure to create a “gel sign-up sheet” so that students don’t lose track of which wells their samples are in. You may need to run 4 gels per class. Each gel has a max of 16 wells, and each student needs 2 wells. Eight students can load samples on each gel, accounting for an extra space for the DNA ladder. 
· If time allows the students will look at their results on the agarose gels, otherwise the teacher will record the results on the “gel sign-up sheet” to discuss it later.
· No need to add loading dye to the samples, since it was supplied in the PCR Reddy Mix.
· View the gels only when the UV shield is covering the UV light bulbs. Students should not be exposed, or expose themselves, to UV light. Please protect your hand when you are manipulating the gel under the UV rays (may use long cotton socks).
· DNA samples fade quickly and it is best to visualize and score the genotype immediately 

 Analysis Questions:
1.	Why can DNA be seen in the agarose gel under UV light?
2.	What did you observe under the UV light, for your “U” and “D” samples?
3.	What is your PTC genotype?  Are you surprised to learn this?
 	Safety:

· Most reagents used in this lab can be handled safely with no risk to the participant students. DNA is visualized using a florescent dye “Syber-Safe”. 
· SYBER Safe has been shown to be safe for use in the classroom, but it is still a substance that inserts itself into DNA (potential hazard). Make sure to caution students to wear gloves at all times they are around or handling the gels and once they have worked with the gel, not to handle anything else. Do not allow pregnant students, or think they are pregnant, to handle materials that come in contact with the SyberSafe-stained gels.
·  Any pregnant student can safely participate in all activities except the physically loading the products during the Gel Electrophoresis activity (when loading the PCR and restriction enzyme digestion products). Another student, or the laboratory facilitator, can load the products for her. 
· Dispose gloves and gels in the garbage.
· The students will be working with body fluids and should take protective measures/ safety guidelines developed by the National Association of Biology Teachers to minimize the risk of transmitting serious disease. They are summarized below:
· Collect samples only from students under your direct supervision, 
· Do not collect samples from students who are obviously ill or have an infectious disease.
· No sandals or open-toed shoes are allowed in the lab and no food or drink is permitted.
· Long hair should be pulled back and keep personal belonging out of the work area.
· Have students wear disposable nitrile (non-latex) gloves at all times to both maintain a sterile environment and protect the participant from contact with reagents.
· Work area should be cleaned with 70% ethanol before and at the end of the lab.
· Have students wash their hands at the end of the lab period and clean work area.
· Do not store samples in a refrigerator or freezer used for food.
· Each experimenter should only work with his or her sample.
· Samples and plastic-ware are discarded after the experiment.

 Waste disposal:
· Human DNA sample should be obtained only with the willing consent of a donor, who understands why it was collected and DNA sample must be used only for the expressed purpose. Thus, this experiment should be explained ahead of time giving the students the option to refrain from participating and student DNA samples should be thrown away after completing the lab. 
· Add Bleach to experimenters’ DNA samples or supernatants before disposing of in public sewers (down lab drains).

Materials/supplies/equipment needed with example source listed:
Bio-Rad, Gene Mate, Hettich companies
	Needed DNA lab equipment: 

	Water Bath,

	PTC-100 Thermal Cycler

	Tabletop Micro-Centrifuge 

	 PowerStation

	Horizontal Electrophoresis System

	Trans-illuminator
	Balance, 500 g X 0.1 g 
	

	Microwave 


Refrigerator (not for food) or cooler
Pipettes and pipette tips
Supplies
5 uL, 10 uL, 25 uL, 100 uL fixed-volume pipette
Microcentrifuge tube foam rack
Pyrex Erl. Flask, 250 mL
1 L plastic bottles
PTC Taste test strips
SYBR Safe photographic filter
80-place microtube rack
96-well PCR tube rack
0.2 mL PCR tube, flat caps
1.5 mL microcentrifuge tube
different sizes of pipettors 20 uL, 200 uL,1000uL 
200 uL yellow tips
14-well comb, 1.5 mm thickness
Paper Cups, 5 oz, DeTipper Bottle
Reagents
ReddyMix Master Mix, 2X
DNA Ladder 100bp
TBE Buffer, 10X, 1L
Nuclease Free Water, 100 mL
sodium chloride, 500 g
chelex 100, sodium form, 25 g
PTC-forward primer (1/100 nM) (5’CCTTCGTTTTCTTGGTGAATTTTTGGGATGTAGTGAAGAGGCGG3’)
HPLC purification for PTC-fwd
PTC-reverse primer (1/100 nM) (5’AGGTTGGCTTGGTTTGCAATCATC3’)
SYBR Safe DNA gel Stain Concentrate
	


Distilled water, 0.2 mL PCR tube, Chelex beads
HaeIII restriction enzyme 2500 U
De-ionized water    
SYBR® Safe DNA gel stain
Procedure/ Protocol: 

· First day, Phenotype, and DNA Extraction:

· Students will taste PTC paper to determine their phenotype (strong taster, weak taster, or non-taster), and they will predict their own genotype.
· Next, they will use saline mouthwash to collect buccal (cheek ) cells. DNA is stored within the nucleus of the cell. In order to extract their DNA from their cheek cells, we must release it from the cell and the nucleus. 
· The used protocol will be boiling the cells in a Chelex ® beads/water mixture to release the DNA. Chelex® 100 is a chelating material used to purify other compounds via ion exchange. Its ability to bind transition metal ions will bind to contaminants that interfere with the polymerase chain reaction by inhibiting the polymerase enzyme.
Students Instructions:
1. Place the PTC test paper on your tongue, do not chew or eat it, if you cannot taste something bitter right away, wait one full minute, and discard the test paper.
2. Use a permanent marker to label a 1.5-mL tube on the top and a paper cup with your initials. 
3. Pour the saline solution into your mouth, and vigorously rinse your cheek pockets for 30 seconds. Use your tongue to rub the inside of your cheeks while rinsing to loosen cells.
4. Expel saline solution into the paper cup labeled with your initials.
5. Bend the edge of the cup into a spout and pour ~1.0 mL (a little over half full) of the solution into your labeled 1.5 mL microcentrifuge tube.
6. Place your sample tube, along with other student samples, in a balanced configuration in a microcentrifuge and spin for 2 minutes at full speed to separate the fluid from your cells.
7. Remove your tube from the microcentrifuge. Carefully pour off the clear liquid into your saline cup. Try to remove most of the clear liquid, but be careful not to disturb the cell pellet at the bottom of the tube (remaining liquid will reach about the 0.1 mark of the tube).
8. Prepare a pipette tip to take-up a sample of Chelex water solution by cutting off approximately 1/4 inch from the narrow end of the tip using scissors because Chelex® beads are too big to fit through the end of the pipette tip. Place this cut-tip onto your 100 μl pipettor.
9. Gently flick the tube containing the Chelex beads /water to mix. Transfer / aliquot 100 uL of the bead/water solution into the 1.5 mL microcentrifuge tube containing your cheek cells. Make sure you get nearly all the beads out of the Chelex® tube. Close the tube cap tightly and mix together the Chelex and your cheek cells by shaking the capped tube / rub it against the back of the tube rack. The liquid should be cloudy before moving to the next step. 
10. Place your 1.5 mL tube, along with other student samples, in the boiling water bath. Boiling is at 99°C for 10 minutes, otherwise extraction will fail.
11. After boiling, vigorously shake the 1.5 mL tube for 5 seconds.
12. Place your tube, along with other student samples, in a balanced configuration in a microcentrifuge and spin for 2 minutes at full speed. DO NOT shake after this spin.
13. Use a micropipettor with a fresh tip to transfer 25 uL of the clear liquid into a new 1.5-mL
tube labeled with your initials. Insure that you do not pipette any Chelex beads into the tube.
You can now dispose of cheek cell/ Chelex mix tube.
 
· Second day, Polymerase Chain Reaction (PCR): 
· PCR uses three main ingredients in addition to DNA: primers which are short pieces of DNA that mark the beginning and end of the gene to be amplified, extra nucleotide bases, and PCR polymerase that will make copies of the DNA between the primers/ PTC gene, identify the bases sequence in the gene, and make unlimited copies of its DNA. 
· Set up the PCR thermocycler program for the PTC gene. The ingredients of the PCR and the DNA must go through several cycles of heating and cooling. First the samples are heated to denature the bond of the double-stranded, the samples are cooled slightly so that the primers can anneal to the single stranded DNA, then the samples are heated slightly so that the PCR enzyme can extend the strand from the primers.

Students Instructions:
1. The teacher will pass out a very small tube/ PCR tube containing the PCR Master Mix. Label the TOP and SIDE of the tube with your initials so you can easily identify your sample.
2. Use a micropipettor with a fresh tip to add 5 uL of your cheek cell DNA from the 1.5 ml microcentrifuge tube into the PCR tube containing the Master Mix. Make sure that you do not pipette any Chelex beads into the PCR tube.
3. Cap the PCR tube and gently tap the tube to ensure all the liquid is at the bottom of the tube.
4. Place your PCR tube into the thermocycler and run PTC-PCR program (40 cycles).

· Third day 3, Enzyme Restriction Digestion:
· Restriction enzymes recognize particular sequences of DNA and cut the phosphate backbones of double stranded DNA.  The HaeIII enzyme that will be used in this lab recognizes the site GGCC and cuts in the middle (GG/CC) which is called blunt ends.  The Dominant taster allele possesses this sequence and the non-taster allele does not, so the restriction enzyme cut the taster alleles into two fragments and non-taster alleles will not be cut at all. Each of the alleles is one band that is 221 base pairs long. 
· Students will load their digested and undigested PCR samples into an agarose gel. 
· While the program is running, waiting for the samples to digest, students may practice loading agarose gels.

Students Instructions:
1. Obtain a 0.2 mL tube with the HaeIII restriction enzyme. This is a very small tube, so label clearly the tube on the top and side with your initials and a “D” (digested) in order to identify and retrieve your sample later.
2. Add the label “U” (undigested) to your 0.2 mL PCR tube from the amplification step. This is
the tube that contains the pink PCR master mix.
3. Tap the PCR “U” tube on the tabletop to ensure the sample is at the bottom of the tube. Use
a micropipette with a fresh tip to transfer 10 uL of your PCR product from the PCR “U” tube
to the restriction enzyme “D” tube. The “U” tube will be stored on ice or in a freezer at -20°C.
4. Mix the “D” tube by tapping the tube bottom on the tabletop.
5. Place your restriction enzyme “D” tube, with other student samples, in the thermocycler.
This is the digestion step and it runs at 37°C for 60 minutes. 
6. Store your sample in the refrigerator or freezer until gel electrophoresis is ready.

· Forth day 4, Gel Electrophoresis: 
· Scientists separate the small pieces of DNA pieces by using the gel electrophoresis technique. Put the agarose gel in the gel box, and pour TBE buffer so that the gel is completely submerged, and an electric current is supplied. 
· DNA has a slight negative charge so DNA fragments will migrate towards the positive charge on the gel/ red plug. The gel allows smaller fragments to move faster than larger fragments, so that over time fragments of different sizes will be separated.  
· SYBR ® Safe DNA gel stain is used to make the DNA bands visible in the agarose gels on a UV trans-illuminator after electrophoresis. The stain inserts itself between DNA base pairs in double stranded DNA and fluoresces under ultra-violet light. 
· During this activity students will load their PCR and restriction digestion samples into assigned wells. The wells are numbered from 1-12 or more. 
· If a student does not have enough in "U" tube then, load 5 uL of size marker/ DNA ladder into the U well and continue as before/ the D sample in the next lane. 
· Run the gel at 120 volts for approximately 30 minutes.
· Remove gels carefully and take the gel over to the UV trans-illuminator to view. Record the DNA fragment patterns/ genotype score. 
· Alternatively if no time remains to view the gel - wrap in plastic wrap, label your gel number on the plastic wrap and place in a Tupperware for the next class.
· Pour TBE /electrophoresis buffer into a beaker so it maybe used again and rinse gel box and tray with DI water to be stored. 

Students Instructions: practice loading a well: 
Practice loading gels when you have free time (easier for you when you have to load samples).
Each gel is submerged in buffer and has wells to one end /maybe the middle too.
1. Use a pipette from your group’s kit and a new tip. Take up dye/ sample into your pipette tip.
2. Position the tip above the well. Load the dye/ sample. When you are loading the gel use two    hands, one to hold the micropipettor and the other to stabilize it. 
3. Do not touch the agarose with the pipette tip, otherwise the dye/ sample will not come out.
3. Pipette 10 uL of the DNA ladder into the left-most well of the agarose gel. 
  4. Load 10 uL of your “U” tube in one well, and 10 uL of your “D” tube in another. Your samples should be in side-by-side lanes (see figure below).
  5. Slowly depress the plunger releasing the sample into the well. Do not release the plunger until you have removed the tip from the buffer, otherwise it will suck up your sample. 
  6. Take turns loading wells on the gel. Write your name on the “gel sign-up sheet” so you know exactly where your samples are located.
[image: gelpic]
· Results and interpret Discussion:
· Review and interpret the results on the agarose gels. 
Homozygous recessive genotype will have one band that is 221 base pairs long.
Homozygous dominant genotype will have one 177 base pair band and one 44 base pair band. Heterozygous genotypes will have one 221 base pair band, one 177 base pair band, and one 44 base pair band.
· Compare the results to the predictions based on phenotypes. 
· You may discuss Hardy-Weinberg Equation and its conditions.
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Tips for Teacher:
To demonstrate movement of DNA molecules in electrophoresis, the teacher may randomly select six students. Everyone will get out of their seats and stand to the side. Of those six students, one will be alone, two will pair, and three will group. They will be connected by holding hands or a short piece of yarn. The students together will try to move at a walking pace in-between the desks (arranged in rows), disturbing desks as little as possible. They will act like DNA molecules moving between the spaces to reach the other end. 
Once students have made it, teacher asks: who had an easier time making it through the spaces? 
Hardy-Weinberg Equation: 
H-W equation is used to predict the expected frequency of alleles / genotypes in a population over generations if the population is in H-W equilibrium. If the expected proportion of alleles or genotypes does not match the observed proportion of alleles and genotypes in a population that means that one of the Hardy-Weinberg conditions are being violated. 

Answers of the Pre-Lab and Analysis Questions
Pre-Lab Questions have objective answers that can be found within the text of the student’s laboratory manual. Analysis  Questions require  more thought and  may  be  subjective. 
The answers provided for the Analysis Questions are just some of the possible answers 
Activity 1/ PTC taster test: Pre-Lab Questions
1.  How many possible genotypes are there for the PTC taster gene? 3 (TT, Tt, tt)
2.  How many possible phenotypes are there for the ability to taste PTC? 3 phenotypes
(strong, weak, and non-taster)
3.  What alleles does a strong taster possess? two taster alleles (TT) 
Analysis Questions
1. Why might it be advantageous to be able to taste bitter chemicals?  
Bitter chemicals may be harmful or poisonous.
2.  Why might it be advantageous to not be able to taste bitter chemicals?  
Bitter chemicals may not be harmful and actually nutritious, so people that cannot taste the bitter chemicals may get better nutrition because they consume food that a taster would not.
Activity 2/ DNA Extraction: Pre-Lab Questions
1.  Which cells will you isolate DNA from? cheek cells
2.  How will DNA be released from the cell? boiling in a hot water bath
3.  What is the purpose of the Chelex® beads? bind to contaminants that interfere with PCR
Analysis Questions
1. If you can taste PTC strongly, weakly, or not at all (in other words, if we know your phenotype) what is the point of using your DNA to look at the PTC gene? Tasting is subjective, a “strong” taster may actually have the genotype of a “weak” taster, heterozygous.
2.  Form a hypothesis about the ability to taste PTC and a genotype. Strong tasters are homozygous dominant for the PTC gene.  Weak tasters are heterozygous for the PTC gene. Non-tasters are homozygous recessive for the PTC gene.
3.  Make a prediction about your genotype based on your phenotype. If I can taste PTC strongly, then I have a homozygous dominant genotype.  If I can taste PTC weakly, then I have a heterozygous  recessive genotype.  If I cannot taste PTC, then I have a homozygous recessive genotype.
Activity 3/ Polymerase Chain Reaction (PCR): Pre-Lab Questions
1. What is the purpose of a PCR? To make many copies of a target piece of DNA/ PTC gene.
2. What are the chemical components of the PCR and what is the role of each ingredients?
Primers: short pieces of DNA that correspond to the beginning and the end of the piece of
DNA to be amplified, allow for targeting specific pieces/ gene of DNA.
Extra nucleotide bases: used to make the new copies of the target piece of DNA during the
extension step of the PCR.
PCR polymerase: an enzyme that adds nucleotides to the primers.
3.  What is the purpose of each of the three temperatures in each cycle of the PCR?
93˚C (denature step): breaks the hydrogen  bonds between base-pairs in double-stranded DNA
68˚C (annealing  step): primers bind to the complimentary nucleotides at the beginning and the end of the target  piece of DNA.
72˚ (extension step): PCR polymerase extends from the primers by adding the complimentary nucleotides to the exposed single-stranded DNA.
Analysis Questions
1. What naturally occurring process does PCR imitate? DNA replication
2.  What part(s) of the PCR would have to change if we were looking at a gene other than the PTC gene, TAS2R38? 
The primers and the annealing temperature, everything else would probably remain the same.





Activity 4/ Restriction Enzyme Digestion of PCR Product: Pre-Lab Questions
1.  Where do restriction enzymes come from? bacteria
2.  What is the recognition sequence for HaeIII? GGCC
3.  Which allele will HaeIII cut? the taster  allele (T)
Analysis Questions
1.  Why is the restriction enzyme digestion incubated at 37°C?  
That is human body temperature, a temperature at which enzymes work well.
2.  After the restriction enzyme digestion which alleles (only one or both) will be cut or not cut in the homozygous dominant, heterozygous, and homozygous recessive genotypes?
Homozygous dominant – both alleles will be cut
Heterozygous – one allele will be cut (T), one allele will not be cut (t)
Homozygous recessive – neither allele will be cut.
Activity 5/ Gel Electrophoresis: Pre-Lab Questions
1.  What material will be used to make the gel matrix? Agarose
2.  Which fragment will move the fastest, a 221 base pair fragment or a 44 base pair fragment? a
44 base pair fragment
3.  Which genotype (after restriction enzyme digestion) will look exactly the same on the gel as the PCR product? the homozygous recessive (non-taster, tt)
Analysis Questions
1.  Why can DNA be seen on the agarose gel? 
The gel contains a stain that inserts itself between DNA base pairs and fluoresces under  ultra-violet light.
2.  What do the evolutionary relationships among mammals based on the PTC gene (TAS2R38) suggest?  Many answers are possible, refer to the phylogenetic tree key to check student answers.






Presentation talking points: 
Slide 1: Introduction and title of lab project.
· Determining Student Genotypes Using Electrophoresis 
· 
Slide 2: Overview of the various laboratory steps in order:
· Tasting PTC paper
· DNA Extraction
· Gene Isolation
· PCR Amplification
· Restriction Enzyme Screening
· Gel Electrophoresis

Slide 3: Objective of the DNA Lab Exercise, understanding:
· Phenotype vs genotype
· DNA structure, replication, and gene sequences
· Common DNA lab techniques and biotechnologies

Slide 4: DNA specific safety lab rules.
· No food or liquids
· No exchange of oral fluids (straws, bottles, kissing, etc.)
· Wearing gloves, washing hands
· Caution for exposures
· Proper disposal of samples

Slide 5: Pre-Lab topics, vocabulary, and activities
· All cells contain genetic material /DNA molecules
· Genes are DNA regions that contain instructions
· Code for the formation of proteins
· Proteins carry out most cell functions
· Phenotype
· Actual observed properties
· Genotype / hereditary information

Slide 6: Phenotype and Genotype
· Phenotypes and genotypes for strong vs weak vs non-tasters

[image: ]
Slide 7: DNA Structure
[image: ]

Slide 8: DNA Replication
[image: ]

Slide 9: PTC paper 
· Directions for placing PTC paper on tongue (1 min)
· Gene TAS2R38 governs bitter taste

Slide 10: Used Techniques and Technology
· DNA Extraction (cell lysis, purification)
· Gene isolation (PCR, Thermal cycling, restriction enzyme screening, gel electrophoresis)

Slide 11: DNA Extraction
· Saline rinse cheeks & rub with tongue
· Centrifuge the collected sample
· Chelex bead shake 
· Boil, Breaking open cheek cells
· Centrifuge to purify out the DNA

Slide 12: PCR Amplification using the Thermocycler
· Cut DNA into smaller pieces /genes
· Identify the bases sequence in DNA 
· Make unlimited copies of this gene
See link for PCR amplification in the PowerPoint. 

Slide 13:
See link for PCR amplification in the PowerPoint. 

· [image: ]

Slide 14: Restriction enzyme digestion
· HaeIII restriction enzyme:
· Cuts GGCC  GG/CC (blunt ends)
· Dominant taster alleles possess GGCC
· Non-taster alleles will not be cut
· Split PCR sample:
· Freeze Undigested
· Add HaeIII to Digested /cut
· Thermocycler and Cold storage

Slide 15: Restriction enzyme screening
See both links for restriction enzyme screening/digestion in the PowerPoint.	

Slide 16: Gel Electrophoresis
· Load undigested and digested samples side-by-side in the proper lanes
· Submerge in TBE (Tris/Borate/EDTA) buffer
· Apply current to the gel
· View gel via UV trans-illuminator
See link of Gel Electrophoresis in the PowerPoint

Slide 17: Gel Electrophoresis Analysis
· Smaller molecular weight DNA will travel faster through agarose gel
· Inject dye/stain to view via UV light 
[image: ]
Slide 18: Gel Electrophoresis Analysis (continued)

[image: ] [image: ]


Slide 19: Image Credits and references
See lab PowerPoint for information

Slide 20: Acknowledgements
[bookmark: _GoBack]See lab PowerPoint for the staff, research, and faculty mentors of the University of Illinois at Urbana-Champaign who were involved with this project. 

Slide 21: Credits for Funding
· National Science Foundation grant #NSF EEC 14-07194 RET
· University of Illinois Center for Nanoscale Science and Technology 
· Micro and Nanotechnology Lab at the University of Illinois at Urbana-Champaign 
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Links to the research articles and other resources: 
https://www.dnalc.org/resources/animations/
https://www.youtube.com/user/DNALearningCenter
http://www.dnai.org/b/index.html
https://www.youtube.com/watch?v=iQsu3Kz9NYo
http://study.com/academy/lesson/pcr-synthesizing-dna-using-polymerase-chain-reaction.html
https://www.dnalc.org/resources/animations/pcr.html
https://www.youtube.com/watch?v=JRAA4C2OPwg
http://learn.genetics.utah.edu/content/molecules/builddna/
https://www.youtube.com/watch?v=GsWo8dCivWs
http://www.minipcr.com/
http://biomed.brown.edu/arise/resources/docs/PTC%20polymorphism%20lab%20manual%20-%20Carolina%20Biological.pdf
http://pvhs.fms.k12.nm.us/teachers/rprice/resources/FOV1-000A7808/FOV1-000AE729/2014%20PTC%20Student%20Manual.pdf
http://www.genetics-gsa.org/education/pdf/Murray%20et%20al%202016_Student%20Manual%20PTC.pdf
http://intro.bio.umb.edu/OLLM/111F98/pdfs/PTCII.pdf
http://www.learningace.com/doc/2994653/08c73263e3b5944283b5173bd0b3a9cd/102409-burkekelly-ptcphenogeno_labhandbook
http://palumbi.stanford.edu/SimpleFoolsMaster.pdf
http://www.universalmedicalinc.com/diamond-jr-pipettors-single-channel-fixed-volume-pipettes-fully-autoclavable.html
Molly Burke, Oregon State, Cts: Roy Center and Lee Kelly, NSF GK-12 Workshop, 10, 24th, 2009
http://www.sigmaaldrich.com/catalog/product/sigma/c7901?lang=en&region=US
 [Acknowledgement to the research mentor(s), faculty mentor(s), and anyone else that provided technical or other support: include faculty mentor and research mentor, project managers Dr. Irfan Ahmad and Carrie Kouadio, and technical staff at the Micro and Nanotechnology Lab, and Center for Nanoscale Science and Technology support.]

 (
Financial support was provided by the National Science Foundation unde
r grant #NSF EEC 14-07194 RET, as part of the nano@illinois project, through the University of Illinois Center for Nanoscale Science and Technology and the Micro and Nanotechnology Lab at the University of Illinois at Urbana-Champaign.
This work, which includes teacher and student resources, is licensed under a Creative Commons Attribution-Noncommercial-Share Alike 3.0 
Unported
 License. To view a copy of this license, visit: 
http://creativecommons.org/licenses/by-nc-sa/3.0/
. To attribute this work, please use [“J. Doe. Title (Date).”]
The 
nano@illinois
 Research Experience for Teachers (RET) at the University of Illinois at Urbana-Champaign (from 2014-2017) expose
s
 a diverse set of in-service and pre-service science, technology, engineering, and mathematics (STEM) teachers and community college faculty from across the nation to cutting-edge research 
in nanotechnology. The RET 
focus
es
 on recruiting underrepresented minority populations (focused on ethnicity, geography, disability, and veteran status) including women and will target teachers from high-need areas, including inner city, rural, low-income, and those with significant 
URM students. Participants 
conduct research over 6 weeks in world-class labs with 4 follow-up sessions during the s
chool year. 
Teache
r professional development opportunities 
include
s
 teacher-focused lectures, 
mentoring, networking, poster sessions, 
ethics seminars, hands-on modules, STEM education issues, career choices, and resources for implementing a 
nano
 lab and curriculum. Teachers will develop modules to be disseminated widely
 and present their results
. High-quality follow-up sessions and evaluation will be infused.
The nano@illinois Research Experiences for Teachers (RET) is managed by the University 
of
 Illinois Center for Nanoscale Science Technology.
Center for Nanoscale Science and Technology
208 N. Wright, MC-249
Urbana, Illinois 61801
217-244-1353
nanotechnology@illinois.edu
www.nano.illinois.edu
)
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