STUDENT LABORATORY 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

Week One “Catching Cheaters” DNA Isolation Pre-lab 

This exercise must be completed before your lab.

You should go to either a grocery store or a fish market and purchase or request for free, two salmon samples:

1) a small quantity (approximately 10 g) of Species A:  (O. nerka, Sockeye or Red salmon) or Species B:  (O. tsawytscha, Chinook or King salmon).

2) a small quantity of Species C:  (O. keta, chum or dog salmon); or Species D:  (O. kisutch, Coho or Silver salmon) or Species E: (O. gorbuscha, pink salmon or ‘humpies’).

Even if you have to go to multiple stores, you must bring in one of each of these groups of species of salmon (A or B plus C or D or E)!  Successful completion of this mission will constitute six points of your grade for the week’s lab.

● The salmon must be fresh if possible, or frozen if you can’t find fresh, but definitely not canned, smoked, dried, or cooked.

● We will use only a small quantity (< 10 g).  If you are given extra, you are welcome to eat the remaining portion (but not in lab, of  course). 

●  I will provide you with 15 ml centrifuge tubes to keep your samples in.

● Each sample MUST be immediately labeled with the letter A-E corresponding to the species name (recall that there are 5 Pacific salmon species in addition to Atlantic salmon; be specific!).  Bring a Sharpie with you to the store so you can label it right away.  Remember that if you switch your samples, it breaks the chain of evidence.  

● Record the location, the date, the names of store managers you’ve spoken to; let CSI be your guide!

● Ask the store personnel for any records they may have of where the fish came from.  These will prove essential in tracing who, if anyone, has switched labels; remember that it may well be ‘upstream’ from the store itself, if any cheating is happening.  

● Bring a camera to the store (a cell phone camera would work) so you can take a picture of the display or package labeling in the store.  Ask permission before taking pictures.

● You can be vague but don’t lie to the store people; if they ask what you’re doing, tell them.  Remain professional and friendly; remember that you are representing UWT to the community.  You can even offer to let them know the results after our study is completed, if they’re interested.

It is best to keep your salmon samples cold.  Keep them in the fridge at home, and consider packing them in a cup with ice cubes to bring to your lab day.

We will use the samples for DNA analysis in this week’s lab.  Fill in the information on the next page and turn it in for up to six points.

Pre-lab Week Two.  To be turned in at the beginning of lab.  
Your Name: _____________________________

Group Member’s Names:  ___________________________________

	
	Sample #1
	Sample #2

	Your Initials (on the tube)
	
	

	Species label (on the tube, A-E)
	
	

	Store name and address
	
	

	Name given by store (i.e., common name on label or display)
	
	

	Species scientific name
	
	

	Description from the store (wild or farmed, location of origin, fresh or frozen, etc…)
	
	

	Date that you purchased or obtained it
	
	

	Store personnel you talked to, if any
	
	

	Other information from label (SKU codes, bill of lading, etc…)
	
	

	Other notes
	
	


Species Code Letters:

Species A:  (O. nerka, Sockeye or Red salmon)

Species B:  (O. tsawytscha, Chinook or King salmon).

Species C:  (O. keta, chum or dog salmon)

Species D:  (O. kisutch, Coho or Silver salmon)

Species E:  (O. gorbuscha, pink salmon or ‘humpies’).

Week 2:  “Catching Cheaters” Part 1; DNA Isolation
Today we will begin analyzing the DNA of the salmon samples you brought in.  You will work in groups of 3-4 people (sharing pipets and other equipment), but you will be responsible for your own two samples.

The learning objectives for this set of lab exercises are:

· To help you master the fundamental concepts of biology with application to a unifying theme (salmon ecology) and application to a real-world project connected to your local community.

· To develop an appreciation for the power of the scientific method and an understanding of how it is applied to specific questions or issues.

· To provide a context for understanding the usefulness and application of techniques of molecular biology by using these techniques to analyze field samples collected by the entire class.

· To explore sustainability through discussions of environmental impacts of salmon farming, toxicology and bioaccumulation of pollutants in salmon.

After completing these exercises, you should be able to:

1) Apply the scientific method to answer real-world questions.

2) Understand the fundamental concepts of cellular chemistry, molecular and cellular biology, and how to apply these methods to bioregional environmental applications.

3) Communicate the results of your own experiments, verbally and in writing, both informally and using standard scientific formats.

You will demonstrate your new skills by performing a complete phylogenetic analysis (including salmon sample collection, DNA isolation, PCR, sequencing, and sequence analysis).  You will analyze your results as you go, in weekly lab reports, and formally, after completing the project, in a group oral presentation.

The first time this exercise was performed by the winter 2007 TESC130 class, we identified three salmon samples that had been sold as “wild Pacific salmon” but were in fact Atlantic salmon, which is farm-raised.  In addition to the obvious consumer fraud issue (wild salmon can be more than twice as expensive), this mislabeling has wider implications due to the environmental impacts of salmon farming and the health implications due to higher concentrations of PCBs and heavy metals including mercury in farmed salmon.  Consumers intending to minimize their exposure to toxins and reduce environmental impacts through their choice to pay extra for wild salmon may be thwarted by mislabeling. 

You will start by independently requesting wild Pacific salmon samples from your local store and bring these tissue samples in to the lab for analysis.  Each of you will perform your own DNA isolations, PCR using salmon-specific primers, gel electrophoresis, and will set up sequencing reactions which will be processed at the UW Biochemistry sequencing facility.  Your DNA sequences will be analyzed using phylogenetic analysis software (available free on the web) and the class results will be summarized in a group oral presentation in which your group will choose an aspect of the project to follow up on in more depth.  

Investigation:  Using Genes to Detect Mislabeled Farmed Salmon

In an April 2005 article (link on blackboard), the New York Times revealed that local fish stores had labeled salmon as wild when it was actually farm raised.  This deception is significant because wild salmon is generally much more expensive, especially during the winter, but also because farmed salmon has been shown to be higher in toxins including poly-chlorinated-biphenyls (PCB’s) and dioxins (see Hites et al. 2004 on blackboard).

There are several different species of salmon commonly sold in the Pacific Northwest.  Most farmed salmon is the Atlantic salmon, Salmo salar.  This species is native to the Atlantic Ocean, but is farmed primarily off the coast of British Columbia, Canada, often in giant pens.  Pacific Salmon includes five closely related species within the genus Oncorhynchus:  chum (Oncorhynchus keta), coho (O. kisutch), chinook (O. tshawytscha), pink (O. gorbuscha), and sockeye (O. nerka).  

Wild salmon obtains its vivid red color due to a pigment in tiny crustaceans.  Farmed salmon are fed processed fish food.  As a result, the flesh is pale gray unless it is treated with artificial coloring, commonly a mixture of the anthocyanins Canthaxanthin and Astaxanthin.  Farmed fish can be detected chemically by the presence of Astaxanthin and higher than usual concentrations of Canthaxanthin.  Farmed fish can be detected genetically because they are in the genus Salmo, not that closely related to the Pacific salmon that is the genus Oncorhyncus.  

Supporting Information

Pigments in Wild and Farmed Salmon

Recall that wild salmon obtains its vivid red color due to a pigment in tiny crustaceans.  Farmed salmon are fed processed fish food.  As a result, the flesh is pale gray unless it is treated with artificial coloring, commonly a mixture of the anthocyanins Canthaxanthin and Astaxanthin.  Farmed fish can be detected chemically by the presence of Astaxanthin and higher than usual concentrations of Canthaxanthin.  
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Why is a colouring additive used in salmon and poultry feed? 

Almost 90 percent of the salmon sold in supermarkets is farmed. The flesh of salmon is naturally grey. In the wild, salmon gets its pinkish colour from its diet of small shrimp and small fish containing naturally occurring astaxanthin. Research has shown consumers prefer the same colour from farmed salmon, which is why astaxanthin and canthaxanthin are used as feed additives. In the case of poultry, canthaxanthin is used to give the skin and egg yolks a brighter yellow colour, also due to consumer preference. 

What are canthaxanthin and astaxanthin? 

Canthaxanthin and astaxanthin are carotenoids. Carotenoids are natural pigments responsible for many of the red, orange, and yellow hues of food products. Some carotenoids can protect against damaging reactions in the body and serve as a source of vitamin A. Canthaxanthin and astaxanthin are produced synthetically but astaxanthin can also be extracted from natural sources such as crustaceans and algae. For many years canthaxanthin has been used as a safe feed colorant in Canada. 

Feed additives are approved internationally through the Codex Alimentarius Commission of the World Health Organization (WHO) and in Canada through the Canadian Food Inspection Agency (CFIA). The Canadian Feeds Act and Regulations require that canthaxanthin be labeled when it is used as a colouring agent in poultry and fish feeds, at a rate not to exceed 30 grams/tonne of the complete feed. A guarantee for minimum milligrams of canthaxanthin per kilogram must also be labeled. Foods produced from animals fed canthaxanthin do not require labeling. Similar labeling regulations currently exist in the European Union although an expert group is examining the issue. In the United States, consumers must be informed that the additive has been used to alter the product colour. 

Is food from canthaxanthin-fed animals safe? 

Consumers in good health have a low risk of adverse effects resulting from the consumption of foods that contain approved levels of canthaxanthin. There is evidence that a high intake of the substance leads to a collection of pigments on the retina, potentially damaging eyesight. Once exposure to high levels of canthaxanthin has ended, this condition reverts to normal. 

The human acceptable daily intake (ADI) for canthaxanthin has been set by Health Canada and by the Joint Food and Agriculture Organization (FAO)/WHO Expert Committee on Food Additives and Contaminants (JECFA). These groups have the necessary expertise to assess the safety of additives and to set ADIs. The ADI is usually derived from long-term animal feeding studies and represents a safe intake level, not a level of toxicity. The ADI is the estimated amount of a substance that can be ingested daily (on body weight basis) over a lifetime without appreciable risk. The ADI for canthaxanthin is up to 0.03 mg per kg body weight. 

Information Sources: 

Baker, R. T. M. (2001). Canthaxanthin in aquafeed applications: is there any risk? Trends in Food Science & Technology, 12(7), 240-243. 

Department of Justice of Canada. (1983). Feeds Regulations, Approved feed ingredients. Schedule IV, part II, class 8. Miscellaneous products. Retrieved June 19, 2006, from http://laws.justice.gc.ca/en/F-9/SOR-83-593/109159.html#rid-109174 
Food Standards Agency. (2002). Canthaxanthin – your questions answered. Retrieved June 19, 2006, from http://www.food.gov.uk/multimedia/webpage/canthaxanthin_qanda/ 
Johnson, E. (Reporter) & Prodanou, G. (Producer). (2001, November 14). Farm raised salmon, Marketplace. Toronto, ON: CBC News. Retrieved June 19, 2006, from http://www.cbc.ca/consumers/market/files/food/salmon/colour.html 
U.S. Food & Drug Administration. (1998). Rules and Regulations. Part 73 – Listing of color additives exempt from certification. Retrieved June 19, 2006, from http://www.fda.gov/ohrms/dockets/98fr/032798c.pdf 
For more information on canthaxanthin or other food safety topics, please call the Food Safety Network toll-free at 1-866-50-FSNET or visit our website at www.foodsafetynetwork.ca 
Although we strive to make the information on this fact sheet helpful and accurate, we make no representation or warranty, express or implied, regarding such information, and disclaim all liability of any kind whatsoever arising out of use of, or failure to use, such information or errors or omissions on this fact sheet. 
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Fish fraud: The menus said snapper, but it wasn't!
(http://www.suntimes.com/news/metro/379403,CST-NWS-sushi10.article)

May 10, 2007

BY JANET RAUSA FULLER Staff Reporter/jfuller@suntimes.com 

The sushi menus said red snapper, a fish prized for its flavor -- and priced accordingly. But a Sun-Times investigation found good reason to question whether diners are getting what's promised. 

The newspaper had DNA tests done on sushi described as red snapper or "Japanese red snapper" bought from 14 restaurants in the city and suburbs. Not a single one was really red snapper. 

In most cases, the red-tinged flesh draped across the small mound of rice was tilapia -- a cheap substitute. Nine of the 14 samples were tilapia. Four were red sea bream -- nearly as pricey but still not red snapper. 

"It's misbranding, and it's fraud," said Spring Randolph of the U.S. Food and Drug Administration, which oversees labeling of seafood. 

And there's ample reason to believe diners around the country similarly are being taken in, the Sun-Times found: 

•      Some restaurant owners said that when they order red snapper, their suppliers send what the owners acknowledged, after checking, is actually tilapia. And most sushi fish in the United States comes from just a handful of suppliers. 

•      There's little government oversight. Generally, that's left to the FDA. Though the agency tries to investigate complaints, "We are not directly going out looking for species substitution," Randolph said. 

•      Another FDA official said: "From the reports that we have received, there has been an increase in species substitution. It is a problem." 

Popularity leads to overfishing

Three years ago, prompted in part by concerns over mislabeled tilapia, the Japanese government called on retailers to accurately label fish. 

In the United States, the Congressional Research Service -- Congress' research arm -- issued a report last month citing a government survey that found 37 percent of fish examined by the National Marine Fisheries Service were mislabeled. A separate survey by the Fisheries Service found a whopping 80 percent of red snapper was mislabeled. 

With red snapper, there's incentive to cheat. It brings a good price. And the fish -- found largely in the western Atlantic and the Gulf of Mexico -- has become so popular that it's overfished, making it harder to find. As a result, it's among the most commonly "substituted" fish, according to the FDA. 

There are roughly 250 snapper species worldwide. Under federal law, just one can be sold as red snapper -- the one known to scientists as Lutjanus campechanus. 

Whole red snapper sells for $9 a pound, or more, retail. Tilapia sells for half that. But restaurant owners said they're not trying to mislead customers. 

At Chi Tung, 9560 S. Kedzie, owner Jinny Zhao reacted to being told the sushi she sells as red snapper is really tilapia by insisting that couldn't be. 

"Of course, it's red snapper," Zhao said. "If we order red snapper, we have to get red snapper." 

Hur San, owner of Sushi Mura, 3647 N. Southport, also seemed surprised. 

"We just order [from] the fish company, and they deliver red snapper," said San. 

Then, at a reporter's request, he examined the box. He saw these words: "Izumidai. Tilapia. From Taiwan." 

Izumidai is the Japanese term for tilapia. 

At Bluefin Sushi Bar in Bucktown, Andrew Kim, the restaurant's general manager, was surprised to find the same labeling. 

"It's tilapia," Kim said. "I just saw that. I never thought to look at the description." 

At Todai, inside Schaumburg's Woodfield mall, what was labeled on the buffet line as red snapper shouldn't have been, a company spokesman said. 

"This is an isolated incident," said Paul Lee, a vice president of the California chain. 

At Sushi Bento, 1512 N. Naper Blvd. in Naperville, manager Jamie Park said she was sure her restaurant served real red snapper. Told that the DNA testing showed it was tilapia, Park said, "Tilapia and red snapper look alike. They're really close. They taste almost the same." 

At Tatsu, 1062 W. Taylor in the Little Italy neighborhood, the menu lists "tai, red snapper." Tai actually refers to another fish -- red sea bream. 

But it really was tilapia, the tests showed. Told that, manager Ten Smith said he'd noticed that the label read tilapia but didn't think much of it. He said, "The vendor recommends this [tilapia] fillet." 

Japanese Food Corporation, a major supplier with an office in Hanover Park, provides sushi fish to at least three restaurants in the Sun-Times survey. A spokeswoman said she couldn't say whether the restaurants ask for red snapper, only that the company sells -- and properly labels -- tilapia as izumidai. "We don't call it red snapper," she said. 

$2,000 fine

True World Foods, another major supplier, provides sushi fish to at least four of the restaurants surveyed. No one from the company, which has headquarters in New Jersey and an office in Elk Grove Village, returned calls for comment. 

Zhao, the owner of Chi Tung, said her restaurant buys fish from True World. She said she called the company about the test results: "They said they gave us red snapper." 

At Renga Tei in Lincolnwood, the red snapper sushi turned out to be red sea bream. Chef and owner Hisao Yamada said he pays $11.50 to $11.95 a pound for sea bream. It's a highly regarded fish. So why not call it sea bream? "Most American customers don't know the name sea bream," Yamada said. 

Sushi Wabi, 842 W. Randolph, also offers red snapper that's really red sea bream. Told that, owner Angela Hepler checked an invoice, which, confusingly, was marked "Tai (New Zealand Snapper/Bream)." 

A day later, Hepler dropped the item, saying, "I don't believe in overfishing and killing out a species or being sold something that I thought was something other than it really is." 

"It's a concern that no restaurant seems to be offering the right fish," said Bill McCaffrey, spokesman for Chicago's Department of Consumer Services. "It suggests that this is an accepted industry practice." 

In Chicago, mislabeling fish is punishable by fines of up to $2,000. McCaffrey said he didn't know of any restaurants being cited for fish fraud. 

John Connelly, president of the National Fisheries Institute, the seafood industry's main trade group, said substituting fish is like buying a cheap knockoff of a designer product. 

"It's fraud, and it should be stopped," said Connelly. "If a person has a certain experience with a lower-end fish and they think it's a higher-end fish, then their view of the higher-end fish may not be as positive." 

WHAT YOU CAN DO

Think you're getting a raw deal by being served a fish that's not what the menu promised? In Chicago, you can call 311 to file a complaint with the Department of Consumer Services. The city agency would examine the restaurant's invoices and could issue a citation, a spokesman said. 
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Laboratory Instructions

I.  DNA extraction from your salmon samples
Protocol: Purification of Total DNA from Animal Tissues (based on www.Qiagen.com)

Stage one, to be completed Wednesday in class:

1. Use a sharpie to label two clean microcentrifuge tubes with the following information:

Your initials

The letter code for the salmon species in each sample

Species Code Letters:

Species A:  (O. nerka, Sockeye or Red salmon)

Species B:  (O. tsawytscha, Chinook or King salmon).

Species C:  (O. keta, chum or dog salmon)

Species D:  (O. kisutch, Coho or Silver salmon)

Species E:  (O. gorbuscha, pink salmon or ‘humpies’).

2.  Cut up 10 mg of salmon muscle tissue (the size of a match head) into small pieces, using a clean scalpel, place the pieces in the labeled microcentrifuge tube, and add 180 μl Buffer ATL.

Return the remaining sample to your original labeled microcentrifuge tube, and put in the tube rack in the front of the room.  These samples will be frozen and saved for confirmation of your results if you catch a cheater!
3. Add 20 μl proteinase K, mix by vortexing, and place the tubes in the floater in the 55°C waterbath.
Your instructor will remove your samples and place them in the freezer after 1-3 hours, once cell lysis is complete. They will be thawed and ready to finish the DNA isolation when you come in to this week’s lab.

Be sure to get a chance to look at the salmon muscle cells under the microscope before you leave!

Week One:  DNA extraction from your salmon samples (continued)

Protocol: Purification of Total DNA from Animal Tissues (based on www.Qiagen.com)

Stage 2:  Retrieve your two samples from the rack in the front of the lab, and finish the protocol: 

4. Vortex for 15 s. Add 200 μl Buffer AL to the sample, mix thoroughly by vortexing, and incubate at 70°C in the heat block or water bath for 10 min.

It is essential that the sample and Buffer AL are mixed immediately and thoroughly by vortexing or pipetting to yield a homogeneous solution. A white precipitate may form on addition of Buffer AL, which in most cases will dissolve during the incubation at 70°C. The precipitate does not interfere with the DNeasy procedure. Some tissue types (e.g., spleen, lung) may form a gelatinous lysate after addition of Buffer AL. In this case, vigorously shaking or vortexing the preparation before addition of ethanol in step 5 is recommended.

5. Add 200 μl ethanol (96–100%) to the sample, and mix thoroughly by vortexing.

It is important that the sample and the ethanol are mixed thoroughly to yield a homogeneous solution. A white precipitate may form on addition of ethanol. It is essential to apply all of the precipitate to the DNeasy Mini spin column.

6. Pipet the mixture from step 5 into the DNeasy Mini spin column placed in a 2 ml collection tube (from the bag in the front of the lab). Centrifuge at 6000 x g for 1 min. Wait for other students so that you can centrifuge at least 10 or 12 samples at once.  Recall that tubes MUST be balanced!  

7.  Dump the liquid from the tube in the DNA kit waste beaker and discard the collection tube in the Tip Waste beaker.

8. Place the DNeasy Mini spin column in a clean, labeled 2 ml collection tube (from the front bench), add 500 μl Buffer AW1, and centrifuge for 1 min at 6000 x g (8000 rpm). Discard flow-through and collection tube in the appropriate beakers.  

9. Place the DNeasy Mini spin column in a clean, labeled 2 ml collection tube (from the front bench), add 500 μl Buffer AW2, and centrifuge for 3 min at maximum speed to dry the DNeasy membrane. Discard flow-through and collection tube in the appropriate beakers.

This centrifugation step ensures that no residual ethanol is carried over during the following elution. Following the centrifugation step, remove the DNeasy Mini spin column carefully so that the column does not come into contact with the flow-through, since this will result in carryover of ethanol. If carryover of ethanol occurs, empty the collection tube and reuse it in another centrifugation step for 1 min at 20,000 x g (14,000 rpm).

10. Place the DNeasy Mini spin column in a clean, labeled 1.5 ml microcentrifuge tube from the front bench, and pipet 200 μl of Buffer AE directly onto the DNeasy membrane.  

Be careful not to touch the membrane itself; hold the pipet tip still a few mm above the membrane while expelling the liquid in the pipet. 

11.  Incubate at room temperature for 1 min, and then centrifuge for 1 min at 6000 x g (8000 rpm) to elute.

12.  Place your purified DNA in the tube rack at the front of the lab.  I will freeze them for use in next week’s lab. 

Note:  if you do not have time to finish your DNA isolation during the lab period, ask me for an appropriate stopping point so that you can store your samples to finish them during next week’s lab.
Group Names: _____________________________________________________________

Lab Report.  To be turned in as a group, by the end of week one’s lab.

1.  List the types of molecules you would expect to find in a total cell extract from an average animal cell.  What molecule would you expect to be the most common?  What molecules would be present only in small quantities?

2.  List the types of molecules you would expect to find in a total cell extract from a salmon muscle cell.  What molecules or types of molecules would you expect to be the most common?  What molecules would be present only in small quantities?

3.  Explain how the DNA extraction protocol got rid of cellular debris and soluble molecules other than DNA.

4.  Explain why DNA stuck to the column in steps 6-9 but flowed through into the collection tube in step 11.  

5.  Proteinase is an enzyme that breaks down large proteins into amino acids or small peptide fragments.  Why do you think it was necessary to start our DNA extraction by incubating the cells in Proteinase K?

Week Two:  “Catching Cheaters” Part Two:  DNA Polymerase Chain Reaction

Pre-Lab Assignment, PCR

To be turned in at the beginning of your lab, week two.  

1. What “ingredients” are needed in order for PCR to work properly?  What is the purpose of each ingredient?

2. What are the three steps involved in PCR?  Explain what happens in each step.

3.  Explain why it is important that the primers we use are designed specifically to work for salmon species.  What would happen if we tried to use these primers for monkey DNA instead?

4.  Explain why ITS genes are commonly used for phylogenetic analysis.

Week 2.  “Catching Cheaters” 
Part 2:  PCR
Descriptions of gel electrophoresis and PCR are adapted from John Parks and the UW-Seattle Biol200 teaching team.

In today’s lab, we will use a technique with the dramatic name of Polymerase Chain Reaction (PCR) to make copies of a single section of the DNA.  The portion we will amplify is the ribosomal DNA (rDNA) that codes for the RNA in ribosomes.  The rDNA sequence is commonly used to generate phylogenetic trees for a variety of organisms. 

Lab Goals

1. To understand how PCR amplification works and how it can be used to study DNA at the molecular level.  

2. To learn how to apply DNA analysis to an environmental issue.

I.  Introduction to Polymerase Chain Reaction (PCR)

Polymerase Chain Reaction (PCR) is the controlled enzymatic amplification (=copying) of a DNA sequence of interest.  PCR produces exponentially large amounts of a specific piece of DNA using only trace amounts of original (template) DNA.  The invention of PCR techniques by Kary Mullis in 1983 opened the door to a new world of genetics research.  Many techniques used before PCR were labor intensive, time consuming, and required a high level of technical expertise.  Working with trace amounts of DNA made it difficult for researchers in biological fields such as pathology, zoology, ecology, pharmacology, etc to incorporate genetics into their research schemes.  PCR technology changed all this and allowed for major increases in our understanding of genetics.  
One of the main reasons PCR is such a powerful tool is its simplicity and specificity.  All that is required are reaction buffers to regulate the pH, the four deoxyribonucleotide triphosphates (adenine, guanine, thymine, and cytosine) as building blocks, the enzyme DNA polymerase to do the copying, two DNA primers to target the sequence of interest, minute quantities of the template DNA strand, and a thermal cycler.   DNA polymerase is an enzyme that synthesizes the complementary strand for a single-stranded DNA template.  As a result, PCR amplification requires the presence of at least one DNA template strand.  This template strand comes from the organism of interest.  In our case, the DNA template strand will be isolated from your salmon tissue samples.  

How does PCR work?

PCR involves a repetitive series of cycles, each of which consists of DNA template denaturation, primer annealing (binding), and extension of the annealed primer by DNA polymerase.  During DNA template denaturation, the original double-stranded DNA template is separated into two single-strands, thus allowing access to the unpaired bases by the primers.  What are the primers?  The primers used in PCR are designed and synthesized in a laboratory to have specific sequences of nucleotides such that they can anneal upstream and downstream of the DNA sequence of interest.  During primer annealing, these primers bind to specific regions on each single-stranded DNA template.  Once the primers are annealed, DNA polymerase adds deoxynucleotides to the 3’ end of the primer.  

The DNA polymerase used in PCR must be thermally stable because the reaction cycles between temperatures of 60(C and 94(C.  Thus, a DNA polymerase from a thermophilic bacterium (Thermus aquaticus) that lives in high-temperature hotsprings is used in PCR.  This DNA polymerase is call Taq.  
Following DNA template preparation, the template DNA, primers, DNA polymerases (Taq), the four deoxynucleotides, and reaction buffer are mixed in a single micro test tube.  The micro test tube is then placed into a thermal cycler, a machine that can be programmed to rapidly heat and cool across extreme temperature differences.  The first step of PCR (the denaturation step) is to heat the sample to 94(C.  At this high temperature, the hydrogen bonds that hold DNA template strands together are broken causing them to separate (denature).  Next, the thermal cycler rapidly cools to 60(C, allowing the primers to bind to the separated DNA strands (the annealing step).  Why do the primers bind to the DNA strands rather than the DNA strands binding to each other once again?  The reason is that the primers are added in excess so that there are more primers than DNA templates, making it more likely that a single stranded DNA template will bind to a primer than to another DNA template.  During the last step of PCR, the sample is heated to 72(C and Taq DNA polymerase adds deoxynucleotides (dATP, dTTP, dGTP, or dCTP) to the primers, making complete copies of each template DNA strand (the extension step).   These three steps—denaturation, annealing, and extension—comprise a complete thermal cycle.  Usually, thermal cycling continues for 30-40 cycles.  After each thermal cycle, the number of DNA template strands doubles, resulting in an exponential increase in the number of DNA template strands.  After 40 thermal cycles, there will be 1.1 x 1012 more copies of the original number of template DNA molecules!!  After PCR, you can see the DNA sequence with your naked eye.

One of the amazing things about PCR is its specificity.  PCR generates DNA of a precise length and sequence.  On the first cycle, the two primers anneal to the original template DNA strands at opposite ends at the sequence of interest and on opposite strands.  After the first complete thermal cycle, two new strands are generated that are shorter than the original template strands but still longer than the length of the DNA sequence of interest.  It isn’t until the third thermal cycle that fragments of the precise length are generated (see Freeman p. 408).

What are we looking for in our salmon DNA?

The gene we will amplify is a portion of the ribosomal RNA gene complex.  Recall that all cells have ribosomes, the small intracellular factories that work to assemble amino acids into proteins that are too small to see with a compound microscope.  Ribosomes are composed of proteins and RNA molecules.  Ribosomal RNA (rRNA) must be produced in large quantities in actively growing cells to make sufficient quantities of ribosomes to pass on to daughter cells.  To accelerate the process, the chromosome that has the rRNA genes on it usually has multiple copies of the same rRNA gene.  We will be using a section of the rRNA repeat known as the internal transcribed spacer (ITS).  It is a section of junk DNA between the genes that code for ribosomal RNA; as a result, mutations in the ITS are usually not deleterious (i.e., harmful).  Mutations accumulate over time, therefore closely related species have similar ITS sequences (often 96-98% of the DNA bases are the same), while less closely related species have ITS sequences that are less similar (between two different genera such as Salmo and Oncorhynchus, only 85% of the DNA bases may be the same).
We will use primers developed by researchers who were trying to definitively distinguish between Atlantic and Pacific salmon (see Nielsen et al. 2003, on blackboard.com).  These primers are designed to amplify ITS from salmon and related fish, but not from other animals (including humans!).  This will help to prevent contamination from human DNA from ruining our experiment.  Next week, we will run another gel to see whether our PCR reactions worked.  If so, we can proceed with the final step to determine the sequence of our PCR product.

Laboratory Instructions

I. Polymerase Chain Reaction

Overview

We will use salmon-specific ITS primers to amplify the ITS region of the ribosomal RNA gene, using our genomic DNA isolates as the template.  You will work in groups of four.

WEAR GLOVES WHILE SETTING UP PCR REACTIONS

I will make up the PCR reaction mix (Master Mix, MM) as a demo.  This involves adding the dNPT’s, the primers, the buffer, water, and finally, the Taq DNA polymerase.

First, we will dilute the genomic DNA to reduce the chance that contaminants will inhibit the PCR reaction.  When polysaccharides or proteins are not fully washed away during DNA isolation, this may inhibit the reaction and PCR will not work.

1. Label a clean 1.5 ml microcentrifuge tube for each sample.  Use the 1 ml pipet to add 0.995 ml of sterile water to each tube.

2. Use the 10 (l pipet to transfer 5 (l from each DNA isolate to each tube of water.  Close the lid, and tap the base of the tube to mix.  

3. Use the 100 (l pipet to transfer 50 (l of each diluted genomic DNA sample to a labeled 200 (l PCR tube.  These tubes are tiny and thin-walled to quickly transfer heat to the reagents inside.  Carefully close the lids.

4. Label the tube on the top (using sequential numbers for your group) and fill in the sample number in the chart on the following page.  This is important—otherwise you will not be able to identify your PCR sample!

5. Place your tubes in two columns in the thermal cycler.  Leave one column empty between groups.  Write your group initials (all four of your initials, in order) on the sheet in front of the thermal cycler.  

6. The thermal cycler will hold the samples at 4˚ C until all groups are ready and I can add the PCR Master Mix.  I will add a positive control and negative control.  The reactions will take 3 hours, after which I will remove them and freeze them until next week’s lab.

Group Members: ​______________________________________________________________

PCR Data Sheet:

	Tube
	SAMPLE
	Dilute DNA loaded in the PCR tube
	PCR Master Mix (MM) loaded in the PCR tube

	1
	
	50 (l
	50 (l

	2
	
	50 (l
	50 (l

	3
	
	50 (l
	50 (l

	4
	
	50 (l
	50 (l

	5
	
	50 (l
	50 (l

	6
	
	50 (l
	50 (l

	7
	
	50 (l
	50 (l

	8
	
	50 (l
	50 (l

	9
	
	50 (l
	50 (l

	10
	
	50 (l
	50 (l

	11
	
	50 (l
	50 (l

	12
	
	50 (l
	50 (l

	13
	
	50 (l
	50 (l

	14
	
	50 (l
	50 (l

	15
	
	50 (l
	50 (l

	16
	
	50 (l
	50 (l


Questions (to turn in as a group of four, with your PCR data sheet, by the end of lab):
1. Why is it important to include a positive control in each PCR run?  If the positive control doesn’t produce a successful PCR product, what can we conclude?

2. Why is it important to include a negative control in each PCR run?  If we find that DNA was amplified in the negative control reaction, what would you conclude?

3. What would happen if I were to program the thermal cycler incorrectly, so that the denaturation cycle was set for 54(C rather than 94(C?  What is one likely result of this mistake?  Explain.

4. What are the scientific names and common names of the five Pacific salmon species?  What is the scientific name of the Atlantic salmon species?  

5. As you can tell from the scientific names, the Atlantic salmon is placed in a different genus than the Pacific salmon species.  In the space below, draw a phylogenetic tree to show how you expect the salmon species to be related.  This will be your working hypothesis; once we have our DNA sequences, we will see whether or not this hypothesis is supported.  You may wish to review the textbook, pp. 556-558, for a discussion of phylogenetic trees.  You may also wish to consult the papers by Nielsen et al. and by Domanico et al. 

Week Three. “Catching Cheaters” Part three:  PCR clean-up and Gel Electrophoresis

Pre-Lab Assignment

To be turned in at the beginning of your lab.  

1.  In gel electrophoresis, why does the DNA migrate through the gel towards the positive pole?  

2.  What would happen if you plugged the electrodes in backwards so that the samples were loaded at the side nearest the positive pole, rather than at the side nearest the negative pole?

3.  What would happen if we made a mistake in weighing out the agarose to make the gel, and it was a 0.1% (g/ml) agarose gel rather than a 1% (g/ml) agarose gel?  Would the DNA move through the gel faster or slower?

4.  In the space below, sketch what you expect to see when you run your gel with your two PCR samples.  Include a DNA ladder in the left lane.

Week 3:  “Catching Cheaters” part three, PCR clean-up and gel

In today’s lab, we will clean up our salmon ITS PCR products from last week, removing the primers, enzymes, and buffer from the PCR reaction.  We will run use gel electrophoresis to finally see whether or not our PCR worked. The gel will also allow us to assess the quantity and quality of the DNA, so that we can use this information next week when we set up the sequencing reactions.

I.  Introduction to Agarose Gel Electrophoresis

To determine whether our PCR reaction from last week was successful, you will visualize and assess the size and quality of the DNA isolate using gel electrophoresis. Electrophoresis separates DNA fragments according to their relative sizes (number of base pairs (bp)).  This is done by loading the DNA fragments into an agarose gel slab, which is placed into a chamber filled with a conductive buffer solution.  A direct current is passed between wire electrodes at each end of the chamber.  Since DNA fragments are negatively charged, they will be drawn toward the positive pole and repelled by the negative pole when placed in an electric field.  
The matrix of agarose gel acts as a molecular sieve.  The gel impedes the movement of the fragments; the more agarose in the gel, the slower the DNA moves through it.  More importantly, smaller DNA fragments can move more easily than larger ones.  Over a period of time, smaller fragments will travel farther than larger ones.  Fragments of the same size stay together and migrate in what appears as a single “band” of DNA in the gel.  Figure 1 below shows an example of an agarose gel with stained DNA fragments separated by size.  The bands in lane 1 are the molecular ladder which is a sample containing DNA fragments of known sizes.  In this case, the molecular mass ruler contains 1,000 bp, 700 bp, 500 bp, 200 bp, and 100 bp fragments.  The molecular ladder is used to determine the size of unknown DNA fragments and to track the position of expected fragments.

If we were successful in isolating the genomic DNA from our salmon samples without breaking it into too small of pieces, we will see a “smear” in the upper part of the lane.  If we got some DNA, but broke it into smaller fragments, we will see the smear in the lower part of the lane.  And, of course, if the cells were not lysed effectively or the DNA was lost during one of the wash steps last week, we won’t see anything at all.

Since DNA is colorless, the position of the DNA fragments is not visible in the gel unless the gel is stained.  The loading dyes in the gel loading buffer have pigments that can be seen using normal white light.  These help prevent us from running the gel too long (what would be the result if this happened?).  It is important to realize that the location of the loading dyes does NOT reflect the positions of the DNA fragments.  There are a variety of stains that can be used to visualize the DNA, but in our labs, we use a green dye that fluoresces under blue light.  The dye molecules are positively charged and have a high affinity for DNA.  Therefore, these dye molecules strongly bind to the DNA fragments and allow the DNA bands within the gel to become visible when the gel is placed on the blue light box.

[image: image3.jpg]'—> e — . —




       Figure 1:  Example of a gel showing the molecular ladder banding pattern in column 1, and student ITS PCR products in the remaining lanes.

Laboratory Instructions

I.  DNA clean-up

We will use the MoBio UltraClean PCR Clean-up kit to remove the primers and unused nucleotides from the PCR product before using it as a template for the sequencing reaction.  

Please wear gloves when using this product. Avoid all skin contact with reagents in this kit. In case of contact wash thoroughly with water. Do not ingest.

1. Using a 100 (l pipet, transfer each PCR reaction from the 250 (l PCR tube to a clean, labeled 1.5 ml microcentrifuge tube (from the autoclaved beaker on the front table).

2. Using a 1 ml pipet, add 450 (l  of SpinBind to the PCR reaction, and vortex 15 seconds. 

SpinBind is a buffered salt solution. By mixing it with your PCR reaction product, you are creating a pH buffered high salt condition. pH is critical after the addition of SpinBind. pH above 8 results in low DNA recovery. pH below 5, results in primers co-purifying with your sample DNA. Optimal pH range is 6-7.5 for high recovery and total primer removal.

3. Using a 1 ml pipet set to 550 (l , transfer each PCR/SpinBind sample to a labeled spin filter unit and centrifuge 30 seconds at 13,000 rpm in the microcentrifuge.

DNA in the size range from 60 bp to 50 kb will bind to the white silica spin filter membrane at the bottom of the silica spin filter unit. The liquid that passes through the membrane will contain unwanted components of the PCR reaction such as: PCR primers, dNTPs, enzyme, and buffer constituents. The desired PCR product DNA will bind to silica under high salt conditions.

4. Remove the spin filter basket and discard the liquid flow- through from the tube by decanting into the DNA kit waste beaker. Replace the spin filter basket in the same tube.

5. Using a 1 ml pipet, add 300(l SpinClean buffer to the spin filter and centrifuge 30 seconds at 13,000 rpm.

SpinClean is a wash solution. It will remove any traces of unwanted contaminants while allowing the desired PCR product DNA to stay bound to the silica spin filter membrane.  SpinClean is an ethanol based wash solution. It contains less than 80% ethanol. This solution is flammable so use caution near flames. As the SpinClean passes through the spin filter membrane, it cleans the PCR product DNA.

6. Remove the spin filter basket and discard liquid flow through by decanting, then replace basket back into the same tube and centrifuge 60 seconds at 13,000 rpm.

This step will remove any last traces of SpinClean. The ethanol in the SpinClean can inhibit sequencing reactions, so it must be completely removed. 

7. Transfer spin filter to a clean, labeled collection tube (in Ziploc bag on front table), and (using the 100 (l  pipet) add 50 (l of Elution buffer (10mM Tris) solution directly onto the center of the white spin filter membrane. 

Placing the Elution buffer in the center of the small white silica membrane will make sure the entire membrane is wetted. This will result in more efficient release of the desired DNA.

8. Centrifuge 60 seconds at 13,000 rpm.

As the Elution buffer passes through the silica membrane, DNA is released, and it flows through the membrane, and into the collection tube. The DNA is released because it can only bind to the silica spin filter membrane in the presence of salt. Elution buffer is 10mM Tris pH. 8 and does not contain salt.

9. Remove spin filter basket from the collection tube. DNA is ready for gel analysis and for sequencing. 

Purified DNA is now in the collection tube. The DNA is UltraClean and free of all reaction components such as primers or linkers, enzyme, salt, and dNTP’s. The DNA is now ready to use for any application. The DNA is in a 50 (l volume.

Instructions from www.mobio.com website.

II.  Agarose gel electrophoresis

Next, you will analyze the newly cleaned PCR product by running agarose gel electrophoresis.  Electrophoresis separates DNA fragments according to their relative sizes (number of base pairs (bp)).  This is an exciting moment, when you get to see whether or not your PCR reactions worked!

WEAR GLOVES WHILE WORKING WITH YOUR GELS

1. Each lab bench is provided with an ice bucket containing a number of tubes with 2 (l of loading dye already measured out to add your sample to.  Each lab bench is also provided with one agarose gel and one electrophoresis chamber.  You and your lab partners will share the above items, using one gel to run all of your DNA samples.  
2. Obtain your cleaned PCR reactions.
3. Label a 1.5ml microcentrifuge tube for each (these are the tubes with the blue dye in them).
4. Set a 100 (l pipet to a volume of 10 (l (don’t go below this—this is the lowest volume for this pipet).  Transfer 10 (l of your cleaned PCR product to the bottom of each labeled tube; as you do this, be sure to mix your sample with the loading dye already in the tube.  Mix gently by pipetting up and down a few times.  Place in the ice bucket.
5. When you are ready to begin loading your gel, ask me to come demonstrate by loading the molecular ladder.  
6. Fill in the sample numbers in the chart on the next page.   This step is VERY IMPORTANT!  If you do not do it, you won’t be able to find your DNA!
7. Using a clean tip for each sample, load the samples into the wells of the gel; be sure to fill in the chart so you know which lane has which sample!  Try not to get bubbles in the wells.  If there are bubbles, you can “chase” them out with the tip of your pipet.  After you’ve finished loading your gel, you may have a few empty lanes; this will not affect the gel.
8. Slide the lid onto the gel box.  Connect the electrical leads to the power supply. (Red to red, black to black)
9. Turn on the power supply and ensure it is set for ~100 V.  Run the gel for 30 minutes.
10.  After 30 minutes, turn off the power supply and remove the lid from the gel box.  Very carefully remove the tray from the gel box.  The gel is slippery and can easily slide off! 
11. You are ready to make a record of your gel.  Place your gel on the blue light box and turn on the light.  Place the shroud over the camera/lightbox apparatus.  Use the side window to adjust the focus by turning the base of the lens.  You can check the image quality using the “Preview” button.  When you are ready, click “Capture.”  Save the image with a file name composed from the initials of all group members, in the order their samples are on the gel.       

For example, if ETC had samples in lanes 2-5, and BJB had samples in lanes 6-9, the file name would be ETCBJB.jpg
12.  When you are finished, the gel can be discarded in the tray in the hood.  Pour the electrophoresis buffer in the “Waste Buffer” tray.  Rinse the gel tray and the gel box and leave inverted on paper towels to dry.  Pipet tips and tubes may be discarded in the trash.  

Questions (to be turned in individually, by the end of lab).    
 Name: ____________________

Gel Electrophoresis Data Sheet for your Group:

	LANE
	SAMPLE
	Amount loaded in the gel well

	1
	molecular ladder (ML)
	6 (l

	2
	
	12 (l

	3
	
	12 (l

	4
	
	12 (l

	5
	
	12 (l

	6
	
	12 (l

	7
	
	12 (l

	8
	
	12 (l

	9
	
	12 (l


1.  What has been removed by the clean-up protocol?  Why is this step necessary?

2.  What is the size of the band in each of your PCR samples (if any)?  Are the bands single or double?

3.  If you run out your PCR sample on a gel but do not see any bands, what does this mean?  What could have caused this to happen?  Explain.

4.  If you run out your PCR sample on a gel and see two bands in the lane, what does this mean?  What could have caused this to happen?  Explain.

   5.  Imagine that you accidentally hooked up the electrodes for your gel electrophoresis box incorrectly so that the positive and negative poles have been swapped.  You electrophorese the gel for 30 minutes but when you stain the gel, you can’t find any DNA bands in any of the lanes (including the DNA ladder).  Where is the DNA and why don’t you see bands?

Week Four. “Catching Cheaters” Part Four:  DNA Sequencing and Salmon Pigments

Name _____________________________________

Pre-Lab Assignment, DNA Sequencing

To be turned in at the beginning of your lab.

1.  What is the purpose of each of the reagents in the sequencing reactions?

2.  How is sequencing similar to PCR?  

3.  How is sequencing different from PCR?

4.  Why is it necessary to clean up the primers from the PCR product before using it as a sequencing template?  What would happen if some of the primers were left over after clean-up?

Week Four. “Catching Cheaters” Part Four:  DNA Sequencing and Salmon Pigments

Lab Goals

1. To understand the principles of DNA sequencing.

2. To learn how to apply DNA sequence analysis to an environmental issue.

I.  Introduction to DNA Sequencing

Sequencing of DNA has produced an explosive growth of information.  Sequencing was slow and difficult until the last few years, when automated sequencers have made it possible to read DNA sequences quickly and cheaply.  The human genome, as well as complete genomes of several other organisms, have now been sequenced (much faster than predicted), partly due to the recent advances in technology.  We do not have a sequencing machine at UW Tacoma, but we have access to the Biochemistry Sequencing Facility at the UW-Seattle campus.  The Sequencing Facility processes thousands of DNA samples a day for the UW research community, with a fast turnaround time of less than three days.

The modern sequencing reaction is based on an elegant method devised by Frederick Sanger, in 1975, for determining the sequence of DNA nucleotides.  Just as in PCR, sequencing starts with a DNA template, deoxynucleotides, Taq polymerase, and buffer.  Unlike PCR, the sequencing reaction uses only one primer, so that all new sequences are generated in one direction from only one of the DNA strands.  Another critical difference is that, while PCR is often performed on genomic DNA or other mixed DNA with the primers acting to select the region that is copied, DNA sequencing is performed using a PCR product as the DNA template.  In other words, the DNA template is a single gene (copied by PCR) rather than a mixed sample.  In our case, we will run our sequencing reaction using as DNA template the PCR product from two weeks ago, which should consist of lots of copies of the ITS gene (and nothing else!).  Review last week’s lab to see why this is true.  

Sanger used dideoxynucleotides to terminate the newly synthesized DNA sequence.  Recall that DNA is synthesized by adding the new nucleotide in the chain to the 3’ C of the ribose sugar in the final nucleotide in the DNA strand.  If the 3’ C does not have an OH group, the new nucleotide cannot be added, and the DNA strand stops at that length (see fig. 19.6 from Freeman Biological Science).  

As a result of adding a small proportion of dideoxynucleotides (ddNTPs) in addition to the normal deoxynucleotides (dNTPs) in the reaction mix, the template DNA is copied by Taq polymerase until it happens to add a ddNTP and terminate the DNA strand.  As this process happens again and again in the reaction tube, eventually we generate a mixture of all different lengths of copies of the template DNA, each one ending with a ddNTP (see figure 19.6 b from Freeman Biological Science).

Sanger’s insight was in realizing that, when these fragments are lined up by size, it is possible to use the terminal ddNTP to deduce the sequence of the whole DNA strand.  For example, if ddGTP is labeled with a yellow fluorescent dye, then the length of each of the yellow-labeled DNA strands will reveal the position of each G in the DNA strand (see figure 20.1, from Freeman Biological Science).

Originally, ddNTP’s were labeled with radioactive substances, but fluorescent dyes are safer and easier to use, and have completely replaced the older method.  The automated sequencing machines usually read at least 96 samples at one time, at a cost of dollars per sample.  By using thin capillary tubes instead of flat electrophoresis gels like the ones we have used in our lab, more samples can be analyzed at one time, with minimal preparation time.  The field continues to advance, with exponential increases in speed and cost-effectiveness analogous to advances in computing power over the last decade.  Who knows how far we’ll come in the next decade?
Laboratory Instructions
I.  Sequencing Reactions (Set-up only)

After examining the gels of our PCR products from last week, we can now set up the sequencing reactions.  The sequencing reaction itself will be performed by the UW-Seattle Biochemistry Automated Sequencing facility (http://dnaseq.bchem.washington.edu/bdsf/index.html ).  The set-up is not hard; all we need is to provide 200 ng of our clean PCR product, 2 (l of ONE of our ITS primers, in 12 (l of water.  If both primers were added, the sequence of the complementary strand (reverse direction) would be superimposed on the sequence read-out from the forward direction, making the whole sequence essentially unreadable.

The sequencing facility will add a reaction mixture called BigDye that contains fluorescently labeled di-deoxy-nucleotides (ddNTPs) that can be read directly from the sequencing gel.  They will use a thermal cycler to make multiple copies of the template DNA, but unlike PCR, these copies will be of various lengths, and will contain the fluorescently labeled ddNTPs. When these copies are run in a gel, the sequencer can read the length and dye color of each fragment, and put this together to provide a print-out of the DNA sequence.  

Procedure:

1.  If both your samples were successful, find another student in your group who did not have a successful sample, and give your second sample to him or her.  If only one of your samples was successful, you will use that sample, and if none were successful, get a sample from someone who had two that worked.  

It will be too expensive to do two samples per student; each sample costs $6.  You should choose the sample with the clearest, cleanest bands, and that do not have double or triple bands.

2.  Label a clean, autoclaved 1.5 ml tube for each sample.  

The samples must be labeled with the initials EC, and with a new number for each sample from the class.  I will provide a sign-up sheet with sequential numbers; record the sample number next to the initials + letter code for your sample you are submitting for sequencing.  

3.  Add 9 (l of water (from the special tube) to your labeled 1.5 ml sequencing reaction tube.

4.  Add 2 (l of ITS sequencing primer to your sequencing reaction tube.  

You can reuse the same pipet tip.  Pipet the primer directly into the water at the bottom of each tube.

5.  Add 1 (l of your cleaned PCR product to the sequencing reaction tube.  Place in the freezer box in the front of the room. Your sample is ready to submit for sequencing.

Questions (to be turned in individually, by the end of lab).

Data Sheet

	Label
	Sample #
	Description of band in gel

	EC____
	
	

	EC____
	
	


1. Predict what would happen if you accidentally contaminated one of your samples with your own DNA.  What would you expect to see on the gel after PCR?  What would you expect to see from the DNA sequencing reaction?  Hint:  don’t forget that the salmon DNA would also be present in the tube!

2. Why do we add two different types of nucleotides to the sequencing reaction? What is the effect of adding some deoxynucleotides and some dideoxynucleotides?  Why are only the dideoxynucleotides fluorescently labeled?

3. Our PCR reactions used an annealing temperature of 55˚C.  The sequencing reaction uses the same ITS forward primer, but uses an annealing temperature of 50˚C.  Why can we use a lower temperature now?  (Hint:  what was the DNA template for the PCR?   What DNA template are we using for sequencing?)

“Catching Cheaters” Part 5:  Sequence Analysis

Sections of this lab are adapted from the UW Seattle Bio180 teaching team handout developed by Scott Freeman and Eileen O’Connor.

During this lab, you will have a chance to examine the ITS sequences we submitted to the Biochemistry Sequencing facility several weeks ago.  With these sequences, you will generate a phylogenetic tree.  This is the big day—you will finally get to see your salmon samples’ DNA sequence, and maybe even catch some cheaters among the stores where you bought your salmon!  At the end of this lab, each group will turn in a lab report including a printout of your phylogenetic tree.  You will use this tree in your group presentation, June 4th.

Lab Goals

· To understand the principles of phylogenetic analysis.

· To learn to use sequence analysis software to generate a phylogenetic tree.

Introduction:  Phylogenetic Analysis

A phylogeny represents the evolutionary history of a group.  A phylogenetic tree is just a graphical representation of the relationships between the members, or taxa (singular taxon), within the group.  Taxon is a nebulous term that is used for a taxonomically distinct entity.  The tree displays how closely each of the taxa are related to each other by placing each taxon at the end of a line (the tips), and connecting each taxon to the next closest taxon at a branch point (i.e., a node).  

As we discussed in TESC120, each node represents the common ancestor of the taxa on that branch.  Taxa that are all on the same branch share a common ancestor, and are referred to as a monophyletic group.  A monophyletic group consists of the common ancestor, all its descendants, and ONLY those descendants (see fig. 25.3 from Freeman Biological Sciences).

You can interpret a tree as moving back through time from the end-points (the present) to the root (the common ancestor of all the taxa in the tree).  It is important to realize that a phylogenetic tree is a hypothesis about how the taxa are related to each other.  Based on their current characteristics, we try to infer the evolutionary history of the group (see Figure 26.1 from Freeman Biological Sciences).

Phylogenetic trees can be assembled using morphological characteristics (remember the animalcules from TESC120?), but currently, phylogenetic trees are increasingly constructed by determining the DNA sequences of selected genes from each taxon.  DNA analysis has the advantage of providing lots of data points in a relatively quick and easy way.  It also accesses information that was not available before, and has led to some revolutionary advances in our understanding of how various groups are related.  For example, the Archaea were originally thought to be a minor subgroup within the Bacteria, but are now acknowledged as closer relatives of eukaryotes than the bacteria, based on analysis of 16S ribosomal RNA genes.

When DNA is used, the DNA sequences must first be lined up side by side for comparison.  This alignment process uses an algorithm that compares short stretches of each sequence, testing different arrangements until it maximizes the similarity of the sequences to each other.  Recall that one of the common types of mutations is a deletion or insertion.  As a result, the algorithm may need to insert gaps into some of the sequences to make them all line up.  

Once the alignment has been generated, each location (i.e., base) within the sequence can be interpreted as a distinct data point or character.  In the figure below, two of the taxa share a “C” at base 3, but the other two taxa have an “A”.   In our sequence, we have over 300 bases to compare, providing lots of characters to use to generate our phylogenetic tree.  The distance between each of the sequences can be calculated based on how many characters are shared between each pair of sequences.  These values can be examined in a distance matrix, where each sequence is listed on both the X and the Y axes of the matrix, and the distance between each pair is listed in the corresponding position of the matrix.

One problem that must be considered is that the sequence is uninformative in regions where all the taxa have identical sequences.  It is important to choose a gene that has enough variability to provide sufficient characters to distinguish between the taxa, but is conserved enough to make it possible to align the sequences together.  

Because a phylogenetic tree is a hypothesis, it is important to be able to evaluate the degree of reliability of the hypothesis.  One method that is widely used is called “boot-strapping”.  The colorful name is derived from the idea of pulling yourself up using your own boot-straps (i.e., shoelaces).  We need a way to assess how likely it is that a data set would be interpreted in the same way multiple times, in other words, is the current interpretation reliable?  If we ran the analysis on similar data sets a hundred times, how many times would we generate the same tree?  Boot-strapping is a method that tests the reliability of the tree by running the analysis multiple times with a random subset of the data.  The boot-strap test evaluates the reliability of each grouping on the tree.  Each branch point can then be labeled with a value reflecting the probability that that branching pattern is reliable.

I.  Creating a Sequence Alignment

Procedure

· Open CLC Sequence Viewer from the program menu

· In the main screen, select “Inport Data”

· Select the sequence file provided by your instructor

· In the Navigation Area, select the file icon.  The sequences should be displayed in the main window.

· Select the “100%” icon (upper right) to see the sequence.  

· In the Toolbox (lower left), select “Create Alignment”.  A new box will open.

· Check that the sequence file is listed under “Selected Elements.”  If not, select it from the list at the left.

· We will keep the default parameters.  Select “next”, then select “slow analysis” and “Finish”.

The sequence alignment will be displayed.  Note that each sequence is lined up by inserting gaps, shown by the “-“ character.  Each base has its own color to facilitate comparison.  Also, notice that your original sequence file is still present in the left-most tab.  Your instructor has only included those sequences that were perfect.  If your sequences are not shown, it is probably because they had at least a few bases that were unreadable.  

Your instructor may choose to add several additional sequences for comparison.  These were located by searching on a global database of sequence data called GenBank.  It can be accessed at http://www.ncbi.nlm.nih.gov.  Several researchers have deposited salmon ITS sequence data on GenBank, including Domanico, whose paper is posted on Blackboard.com.

II.  Examining the Distance Matrix

CLC Free Workbench does not allow you to examine the distance matrix directly, so your instructor will use a different program to make it for you, and provide you with the file.  Examine the matrix to make sure you understand how to read off the distance value for each pair of sequences.

III.  Creating a Phylogenetic Tree

Now that we have a sequence alignment, we can analyze how similar the sequences are.  We will analyze the results directly by looking at a distance matrix, and then display the information graphically in a phylogenetic tree.

Procedure

· Under “Toolbox,” double-click on “Create Tree”.  

· Check that the alignment file is listed under “Selected Elements.”  If not, select it from the list at the left.

· Select Next.  In the drop down box select “UPGMA” instead of “Neighbor Joining”, then Finish.

· After a minute or two, you will see your phylogenetic tree open up in the main screen.  

Take a moment to familiarize yourself with the format.  The numbers at each node are the bootstrap values.  A value of 70 means that, when parts of the data are randomly deleted and the data is re-analyzed with some data missing, those sequences are still grouped together at least 70 percent of the time.  In practice, values greater than 50 mean that the branch represents a good grouping, well supported by the sequence data.  Values lower than 50 represent branches (clades) that should probably be ignored due to the uncertainty of the data.

Print two copies of your phylogenetic tree, one to turn in, and one for your group.  Save a copy of the alignment and the ITS tree on the desktop, and e-mail the files to yourself for future use.  The program CLC free sequence viewer is free (as might be guessed from the name) and can be downloaded at www.clcbio.com .  You may want to download it at home so that you can manipulate your data for use in your presentations two weeks from today.  You will have additional time to work on your group presentations next week in lab.

Example of Phylogenetic Tree (Student Work, Winter 2007)
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Group Members:  ____________________________________________________________

LAB REPORT (Due by the end of the lab).  Use the distance matrix and phylogenetic tree to answer the following questions

1.  Label the following on your tree:

a.  the node for the common ancestor of all the Oncorhynchus species.  

b.  the node for the common ancestor of all the Salmo species.

c.  the outgroup

d.  the root of the tree

e.  the branch on the tree that has the highest bootstrap support.

f.  the DNA sequences on the tree that are the most similar to each other.

2.  What two DNA sequences in the distance matrix are the most similar to each other?  What two DNA sequences are the least similar to each other?

3.  Based on your tree, is the genus Oncorhynchus a monophyletic group?  Are there any samples placed within this group on the tree that do not appear to belong to the genus Oncorhynchus?  Can you conclude that the genus Oncorhynchus is not monophyletic?  Why or why not?

4.  Based on your tree, is the genus Salmo a monophyletic group?  Are there any samples placed within this group on the tree that do not appear to belong to the genus Oncorhynchus?  Can you conclude that the genus Oncorhynchus is not monophyletic?  Why or why not?

5.  Did any stores cheat, based on our data?  If so, explain how you came to that conclusion.

6.  How could our phylogenetic tree be improved?  What additional studies could we do to make it easier to interpret?

7.  Suppose you were a member of a public health agency responsible for enforcement of laws about accuracy in labeling.  What additional information would you require before you would charge any of these stores with a violation?

8.  Explain why we should be concerned about whether stores are mislabeling salmon as wild when it is actually farm raised, in terms of a) the cost, b) the health implications for the consumer, and c) the effects on the environment of raising salmon in fish-farms.

Group Presentations 

Description of Topic

The general topic of the group presentations will be salmon genetics and the environmental impacts of salmon farming.  Here’s your chance to learn more about the topics we’ve been studying all quarter.

You will work in groups of two to three people.  Each group will select one aspect of salmon genetics or environmental impacts of salmon farming to focus on.  You also have the option to take a more active approach.   For example, your group might choose to follow up with one of the stores that was caught “cheating” (if any) and try to figure out where the mislabeling occurred.  Was it the store?  The fishers?  Middlemen?  Your group could look into consumer fraud laws or contact the local health department to find out what enforcement options may come into play.  Your group could delve into the environmental impacts of fish farming.  Your group could investigate the literature on PCBs and methyl mercury in farmed salmon.  There are many possible topics; check with your instructor to confirm whether your idea has already been taken by another group.

Each group talk will consist of an introduction with background information, and a discussion of results of at least one research study on the topic you have chosen (be sure to cite your sources).  You may split the sections however you like, but you should ensure that each person spends approximately equal amounts of time speaking.  Each person will be graded on their individual performance and on the performance of the group; the talk is worth 25 points total.  Some of the points will be assigned by your fellow group members and you will each turn in a short reflection paper (1/2 to 1 page) on your role in the group, what your group members contributed, and what you learned during the group project.  

Each group will have 15 minutes plus 5 minutes for questions.  Time limits will be strictly enforced.  Practice your talk together to be sure you will not go over the allotted time.  You are encouraged to use PowerPoint, but overheads and other props are acceptable as well.  PowerPoint presentations must be e-mailed to me no later than 5 p.m. the day before your presentation.  I will test for formatting issues and put them on the server so we can use them in class.

See the rubric in the Excel file on Blackboard for more information on what I’m looking for in a good presentation.

Reflection Paper on the “Catching Cheaters” Exercise

Your final writing assignment for this course should be considerably easier than the scientific literature paper since it’s asking you to talk about a subject you know quite well, namely, yourself!  There are several objectives for this assignment, first, for me, to get feedback about what worked and what might be changed the next time around.  More importantly, when you think deeply about what you learned doing this exercise, it will often help solidify what you’ve learned and enhance your understanding and memory of the project (helpful before the final exam).  And finally, this is your chance to sum up the experience that has extended throughout most of the quarter, and bring it all together into a coherent whole for yourself and for me.

The reflection paper should be 2-3 pages long, double-spaced, 1” margins.  The reflection paper will consist of two parts.  The first 1-2 pages will consist of a summary of the results of the “Catching Cheaters” exercise; essentially this will be a short lab report using the class data we worked with during the Week 8 lab.  You should briefly summarize the methods we used to analyze the sequence data, including a brief explanation of how phylogenetic trees are produced (NOTE:  don’t try to explain all the methods for the whole exercise starting from DNA isolation, since you won’t have space!).  Then explain the results from the phylogenetic tree, including answers to the following questions:

· Which sequences, if any, could have been INTENTIONALLY mislabeled?  Explain.

· Which sequences, if any, could have been ACCIDENTALLY mislabeled?  Explain.

· How do our results compare to those from last year’s class (the three sequences clustering with Salmo salar)?  What might explain why last year’s results were different than ours?

The second part of the reflection paper will be the actual “reflection” part, and should consist of 1-2 pages, in paragraph format discussing what you learned from the exercise (i.e., complete sentences in essay format, not just answers to each question).  Feel free to answer honestly: your grade will be determined by the honesty and thoughtfulness of your answers, not by the content.

· What was the best part of the Cheaters exercise?  What was the least interesting or least helpful part?

· Did getting your own salmon samples make you more interested in finding out whether it was accurately labeled than if it had been provided to you in lab?

· Did the fact that we didn’t find any clear cheaters this year make it not worth doing, or would you recommend keeping this exercise even though sometimes there aren’t actually any cheaters?

· Did it make it more interesting doing DNA isolations, gels, PCR, etc… as part of a multi-week project, or would you prefer doing these as separate exercises in a more traditional lab format?

· Do you now feel that you have a better understanding of how phylogenetic trees work?

· Was it helpful to have the group presentation related to the salmon project, or would you have preferred to give a talk on a non-salmon molecular or cell biology topic?

· Do you now have a better understanding of how molecular biology can be applied to real world issues?

See the rubric in the Excel file on Blackboard for more information on what I’m looking for in a good paper.
