INSTRUCTOR MANUAL

“Catching Cheaters”:  

Using Phylogenetic Analysis to Identify Atlantic Salmon Mislabeled by Local Stores as Pacific Salmon

An Introductory Biology Exercise Developed by Erica Cline, University of Washington Tacoma

Supported by the Curriculum for the Bioregion Sustainability Biology Learning Community

This handout contains lists of required materials, helpful tips, and other information that may be helpful in utilizing the “Catching Cheaters” exercise in an introductory biology majors course.  It is assumed that the instructor has some familiarity with basic molecular biology methods.  It will be particularly helpful if the instructor is at least somewhat familiar with phylogenetic analysis methods.  These instructions are provided as an example, but the instructor is encouraged to modify the protocols as needed to fit the available equipment and materials.  

Required Equipment:

Microcentrifuges

Thermal cycler

Horizontal agarose mini-gel boxes

Gel imaging system 

Pipettes (1 ml, 100 µl, 10 µl)

It is also necessary to submit DNA samples to a DNA sequencing facility.  The University of Washington’s biochemistry sequencing facility is one option for those in the Seattle area http://dnaseq.bchem.washington.edu/bdsf/index.html , but samples may also be sent to a variety of labs around the country.  Sequencing (including the sequencing reactions) usually ranges from $5-$10 per sample.  Be sure to check on the average turn-around time and plan accordingly!

SAMPLE COURSE SCHEDULE OF LECTURE AND LAB TOPICS

This schedule may prove helpful in showing how the Catching Cheaters exercise can be incorporated into a quarter-long course, with appropriate connections to lecture topics.  Note that the Catching Cheaters exercises (shown in red type) are interspersed with other laboratory exercises.  This may be advisable, particularly before the sequence analysis lab (Lab 8) to allow sufficient time for processing and analysis of sequence results. 

	Wk
	Day Date
	Lecture or Lab Topic
	Class Readings

	1
	M Mar 31
	Introduction; Chemical bonds, energy
	Ch 2: 20-34

	
	W Apr 2
	Redox reactions, solutions, carbohydrates
	Ch 2: 35-45; Ch 5

	
	
	Lab 1.  Chemistry of Life
	

	2
	M Apr 7
	Quiz 1; Nucleic acids
	Ch 4

	
	W Apr 9
	Proteins and enzymes

Problem set #1 due; BRING SALMON SAMPLES
	Ch 3

	
	
	Lab 2.  DNA isolation from salmon samples
	

	3
	M Apr 14
	Lipids and membranes
	Ch 6

	
	W Apr 16
	EXAM I (80 pts)
	

	
	
	Lab 3. PCR
	

	4
	M Apr 21
	Cells and organelles
	Ch 7

	
	W Apr 23
	Respiration:  Breaking down carbohydrate;

Annotated Bibliography due
	Ch 9:  177-189

	
	
	Lab 4.  PCR cleanup and Gel Electrophoresis
	

	5
	M Apr 28
	Quiz 2; Respiration:  Electron Transport and ATP synthesis
	Ch 9: 190-201

	
	W Apr 30
	Photosynthesis:  Light Capture;

Problem set #2 due
	Ch 10: 202-216

	
	
	Lab 5: Sequencing Reactions; Respiration
	

	6
	M May 5
	Photosynthesis:  Making Carbohydrate; 

Scientific Literature Report Draft Due
	Ch 10: 217-226

	
	W May 7
	Photosynthesis:  Ecological tradeoffs;


	

	
	
	Lab 6.  Photosynthesis
	

	7
	M May 12
	EXAM II (100 pts)
	

	
	W May 14
	DNA synthesis 


	Ch 14

	
	
	Lab 7.  Central Dogma
	

	8
	M May 19
	Genes and the Central Dogma; Scientific Literature Draft #2 Due (Peer Review)
	Ch 15

	
	W May 21
	Quiz 3; Transcription
	Ch 16: 338-345

	
	
	Lab 8.  Sequence analysis ( in  computer lab)
	

	9
	M May 26
	HOLIDAY:  Memorial Day, University Closed
	

	
	W May 28
	Translation; Scientific Literature Final Report Due
	Ch 16: 345-361

	
	
	Lab 9.   Group Project
	

	10
	M Jun 2
	Prokaryotic gene expression 

Problem set # 3 due
	Ch 17

	
	W Jun 4
	Review; Reflection Paper Due
	

	
	
	Lab 10.  Group presentations:  Catching Cheaters
	

	
	M Jun 9
	FINAL 120 pts
	


The experiment, as written, assumes that each student will bring in two samples, reflected in the numbers below.  The materials cost of the experiment can easily be scaled back by reducing the number of samples to one sample per student, in which case the numbers below are cut in half.  Even though each student will have his or her own samples, it is a good idea to encourage students to work in groups of two to three and to share equipment (e.g., pipettors) within groups.  

I.  DNA isolation (3 hours, or one 60 minute session followed later by a 90 minute session)
Materials

One week before:

· 1.5 ml microcentrifuge tubes (2 per student) to bring in salmon samples from stores

· Permanent markers (1 per student)

Day of:

· microscope, glass slides, coverslips for examining salmon muscle tissue (1 per student)

· clean razor blades or scalpels for cutting small section of muscle tissue (2 per student)

· Forceps (1 per student)








· latex gloves

· 55 degree heat block or waterbath and tube floaters (1)

· 1.5 ml tubes, sterile (several per student)

· 1.5 ml tube racks (one per 2 students)

· MoBio Tissue DNA kit (2 per student)

· pipettors (1000 µl and 100 µl)

· vortexers (4)

· microcentrifuges (2)

· 1000 and 100 µl pipette tips

· ethanol (96% to 100%, 100 ml) (for Tissue DNA kit)

· 500 ml beakers or bottles or small boxes for tip disposal

· Waste bottle
Hints

The students may need some help in locating appropriate salmon samples, depending on the season; winter is particularly difficult.  Be sure to announce the project at least a week before, so they have plenty of time to go to alternate stores if their neighborhood store doesn’t have the appropriate species available.  Emphasize the importance of accurate labeling and documentation, so that samples aren’t switched before the students even reach the lab.  It is a good idea to hand out sample tubes and pens the week before, to emphasize the importance of labeling.

In small classes or with multiple labs per week, it may be desirable to split this into two exercises.  Have students finish the protocol through set up of the proteinase K reactions on day one, which should require approximately one hour to complete.  The instructor should remove the reactions several hours later (up to the next morning) and freeze them, to be used on the second lab day, when the DNA extraction can be completed (approximately 90 minutes).  If the DNA extraction must be completed in one lab session, it is best to start the extraction immediately, holding the lab lecture until the Proteinase K incubation has been started.  During the incubation period, the instructor may have students set up a thin smash-mount slide of a small section of muscle tissue to examine muscle cells under the microscope.  After the hour-long incubation, the remainder of the DNA extraction will take approximately 90 minutes, so the entire lab would require a minimum of three hours to complete.

It is important to emphasize the need for care in avoiding cross-contamination.  Talk students through the potential results if one salmon DNA sample contaminates the water used by the rest of the class.  

The best success is achieved by using a SMALL quantity of salmon muscle tissue; no more than 50 mg (approximate size of a matchhead).  Caution students against using too much tissue, since this will cause the extract to be gooey and not spin through the column well.  We have used the MoBio Tissue DNA kit with good success, but other tissue DNA extraction kits are also available.  Check up to date instructions at the MoBio website, www.mobio.com before printing the lab manual.

II.  PCR (lecture/discussion of PCR theory 30-45 minutes, PCR setup 45-60 minutes)
Materials

Thermal cycler (using 0.2 ml tubes)

microcentrifuges (2)

pipettors, (1 ml, 100 µl, 10µl) and tips

1.5 ml and 0.2 ml tubes (2 per student plus extras for + and – control tubes)

gloves

Positive control from initial instructor test run 

Salmon-specific ITS primers, ITS-1 Salm and ITS-330R Salm

These primers are described in Nielsen et al. (2003):

ITS-1Fsalm 5'-CGTTGATTAAGTCCCTGC-3'

ITS330Rsalm 5'-GGTTCCCAGTGCCGCGCGA-3'

PCR reaction mix (per sample); adjust for different Taq and reagent concentrations

· 20 µl 5X buffer 

· 10 µl dNTP mix (2 mM each of dATP, dTTP, dCTP, dGTP) usually diluted 1:50 from 100 mM stocks

· 10 µl 25 mM MgCl2
· 5 µl 20 µM ITS-1 Salm (diluted 1:5 in water, from 100 µM stock)

· 5 µl 20 µM ITS-330R salm (diluted 1:5 in water, from 100 µM stock)

· 0.5 µl Taq (5 units/ul)

Add 50.5 µl of PCR reaction mix to 49.5 µl of the gDNA extract from salmon samples, diluted 1:200 in sterile DNase-free water

ITS protocol:

94º C, 3 min., 40 cycles of (94º C, 1 min., 55º C, 1 min., 72º C, 3 min.), 72º C, 5 min., hold 4º C.

Hints

It is highly recommended that the instructor perform a salmon DNA extraction and PCR test-run before the lab, to test reagents and primers.  The annealing temperature may be increased up to 60º C to reduce non-specific amplification; lower temperatures give more reliable amplification.  The annealing temperature should not be reduced below 55º.  After a successful trial run, the instructor DNA can be used as a positive control, with sterile filtered (or purchased DNase and RNase-free) water as a negative control.  Salmon-specific ITS primers are described in the paper Nielsen et al. 2003, and can be ordered for under $25 from www.invitrogen.com 

I prefer to make up the PCR reaction mix myself, or it can easily be done by groups of three to four students.  I have used several suppliers of Taq polymerase with equal success.  The PCR reagents may vary based on the supplier, for example some provide 5X buffer while others provide 10X buffer; be sure to adjust the protocol to account for differences in Taq and reagent concentration.  It is fastest and easiest to use a pre-mixed PCR reaction mix (with buffer and dNTPs pre-mixed); in this case, it is still necessary to add the primers and MgCl2, which is often supplied separately.

When making up the PCR reaction mix, multiply the PCR recipe by the total number of samples plus four, to allow for the positive control, the negative control, and two extra to allow for pipetting error (i.e., for 16 samples, multiply by 20).  

I generally talk about PCR theory (one hr), then the students dilute their gDNA and pipette it into the 0.2 ml tubes, set up the positive and negative controls, and place the tubes at the ready in the thermal cycler (30 minutes).  I then prepare the PCR reaction mix and add it to their diluted gDNA in the thermal cycler as a class demo (15 minutes).  The PCR reactions take four to five hours and can be run overnight, then placed in the freezer the next morning, and thawed before the next lab period.

III.  PCR cleanup and gel electrophoresis

Materials

microcentrifuges (2), 

pipettors, (1 ml, 100 µl, 10µl), 1.5 ml microcentrifuge tubes & tips

MOBIO ultraclean PCR cleanup kit (2 per student)

latex gloves

gel boxes (one per 4 students) & a power supply 

gel imaging system (such as Vernier blueviewer transilluminator system), 

10X TBE stock (100 ml)

1X TBE running buffer, in 1 liter bottle (should be made up fresh from 10X stock)

Gel loading buffer (such as Fermentas 6X MassRuler Loading Dye Solution)

1% Agarose gels (such as Fisher low EEO/multipurpose agarose)

cybrsafe DNA stain, from Invitrogen (alternative to EtBr—mutagen!)

Low molecular weight DNA ladder (such as Fermentas MassRuler low range DNA ladder)

Hints

Make up and pour the agarose gels before lab (example for 5 mini-gels):

In 2 ml Erlenmeyer or Pyrex bottle, add 500 ml 1X TBE

Add 5 g agarose

Heat in microwave in 30 sec intervals until boiling (mix frequently)

Add 50 µl cybrsafe dye (1:10,000 dilution from stock) or appropriate amount of EtBr and mix

Allow to cool until warm but not hot to the touch

Add combs to mini-gel boxes and pour gels

After gel has cooled and solidified, remove combs and place in gel box

Add sufficient 1X TBE buffer to barely submerge gel and fill wells

It is ideal to use mini-gels rather than one larger gel.  Students are often quite nervous in their first attempt at loading a gel, and having their own gel for a smaller group reduces the pressure and streamlines the time required for gel loading.

There is no need to do a cleanup reaction on the PCR positive and negative controls, but don’t forget to add them to the gel!  Students are usually quite excited to finally see whether or not their DNA extractions and PCR reactions worked.  It’s a good idea to build it up to add a certain theatrical flair to the final viewing of the gel.  Gel imaging systems range from inexpensive (a good option is the Vernier Blueview transilluminator http://www.vernier.com/biotech/  at approximately $700 for the full kit including camera) to quite expensive (Kodak has a full line starting around $3000).  

Emphasize that the students must carefully examine their gel to detect multiple bands or smears that will make it impossible to do the sequencing reactions successfully.  This is a good lead in to introducing the theory behind sequencing, although I usually save the full lecture until the next laboratory period.

IV.  sequencing reactions  (background lecture, 45 minutes, activity 30 minutes)

Materials:

microcentrifuges (2), 

pipettors, (10 µl)

STERILE 1.5 ml microcentrifuge tubes & 10 µl tips  (2 tubes/student)

latex gloves

Hints:

Before lab, prepare a fresh dilution (with water) to make a 4 pmol/ µl solution of the ITS-1salm sequencing primer.  

V.  sequence analysis (2-3 hours)

Materials:

Computer lab with CLC bio sequence viewer, MEGA, or similar sequence analysis software pre-installed.

Hints:

Before the lab, examine sequence traces and remove those that have high background, are too weak, incomplete, or are otherwise unreadable.  Assemble successful sequences in FASTA format using WORD or other word processing program (see http://www.ncbi.nlm.nih.gov for description of format).  This may take some time depending on the number of sequences you are dealing with!  Open the FASTA file using the CLC sequence viewer program  (www.clcbio.com) or sequence analysis program of your choice.  I prefer to do preliminary analyses in MEGA (available free at http://www.megasoftware.net ), but have the students use CLC bio because the graphing of the tree is a bit easier.  Begin by aligning all sequences together.  Identify incomplete sequences and delete them.  Trim off the beginning and ends so that all sequences are complete and cover the same range.  Adjust alignment manually if needed (this is usually not necessary, since all sequences should be quite similar).  Save in FASTA format for use by students.  Save the distance matrix, since this is a useful tool for explaining how the tree was generated.  It would be possible to have the students do these initial steps, but it might prove frustrating and too time-consuming.  I would recommend that the instructor do the initial cleanup, and then explain the process as a demo.

It is highly recommended that the instructor run through several initial phylogenetic analyses using a variety of approaches, such as neighbor joining, UPGMA, and parsimony, to pick the method that will provide the most straight-forward interpretation.  Alternately, for a relatively advanced group of students, it would be possible to have the students do multiple analyses, then evaluate and/or discuss which method is best.  This is probably beyond the scope of most introductory biology courses, however, unless students have been exposed to an unusual amount of background material on phylogenetic analysis.  It might also be necessary to remove anomalous sequences BEFORE the students begin the analysis.  

I prefer to use distance-based methods for constructing the tree (e.g., neighbor-joining or UPGMA) rather than parsimony-based methods, since these are somewhat more intuitive to explain to beginning students.  Nevertheless, this is a matter of instructor preference.

VI.  group presentations (optional)
I have had good success with allowing groups of 2-3 students to brainstorm and select topics related to salmon genetics or ecology, environmental impacts of salmon farming, etc…  This provides an excellent opportunity to sum up the results of the experiment and link this to the broader context.

VII.  final report and reflection paper (optional)
The sequence analysis is fairly complex, so I prefer to give the students at least one week to digest the new material before turning in a written report summing up the results of the Catching Cheaters exercise.  Adding a personal reflection to the paper is optional, but can provide a good opportunity to get feedback on whether the exercise is really effective in engaging students.  I suggest emphasizing that the reflection is an opportunity to consider what the student learned, not an opportunity to critique the exercise itself (which is more appropriately done in anonymous course reviews).
