Using DNA Analysis for Wildlife Application

Scenario

With European settlement of America, many species suffered drastic population declines.  In Maine, a few large mammals have been extirpated since this time, including the wolf, eastern cougar, giant sea mink, and woodland caribou (Rangifer tarandus) (MDIFW 2005).  Small, isolated populations of woodland caribou continued to be reported in Maine through 1912 (NY Times 1912), but were finally declared extirpated.  In the late 1980’s plans were made to reintroduce woodland caribou to Maine in Baxter State Park.  In 1989 and 1990 the reintroduction was initiated but was not successful as the population suffered severely from black bear predation  (Gogran & Cochrane 1994).
In 2015 plans for reintroduction of R. tarandus were revisited and in each of five years 100 caribou were reintroduced into a protected area in northern Maine.  The population is sustaining, although not thriving, and the caribou are protected by law under the Federal Endangered Species Act and Maine’s Comprehensive Wildlife Conservation Strategy.  Based on your exceptional biology education, you have landed a job as a state wildlife biologist.  
Rumors have been circulating that some hunters have been taking some caribou illegally and you’re sent to investigate.  In the course of your investigation you find some suspicious meat wrapped and unlabeled in the freezer of one of the suspected poachers.  His story is inconsistent and you have to determine if this meat is in fact caribou.  To do this, you take a sample of the meat and do a DNA extraction and RFLP analysis to compare to known samples.  
RFLP Technique

When you extract DNA from cells it exists in really large molecules.  In DNA fingerprinting you need a way to identify particular segments of DNA to compare among samples.  There are two broad methods for doing this.  One involves PCR (polymerase chain reaction) where you use specific primers to copy specific sequences.  This technique works very well on fine scale comparisons when you know a lot about your species and their genes.  An older technique, which is still used today, employs restriction enzymes.

In 1968, Dr. Werner Arber at the University of Basel, Switzerland and Dr. Hamilton Smith at the Johns Hopkins University, Baltimore, discovered a group of enzymes in bacteria, which when added to any DNA will result in the breakage (hydrolysis) of the sugar-phosphate bond between certain specific nucleotide bases (recognition sites). This causes the double strand of DNA to break along the recognition site and the DNA molecule becomes fractured into two pieces. These molecular scissors or “cutting” enzymes are restriction endonucleases.  Restriction enzymes are produced naturally by bacteria to defend themselves against foreign DNA fragments.  Over 3000 different restriction enzymes have been isolated from bacteria.  Hundreds of these are used routinely in molecular biology applications.
Two common restriction enzymes (endonucleases) are EcoRI and PstI which will be provided to you in this lab procedure. To better understand how EcoRI and PstI may help you in performing your DNA fingerprinting experiment, first you must understand and visualize the nature of the "cutting" effect of a restriction endonuclease on DNA:

[image: image10.emf]
The line through the base pairs represents the sites where bonds will break if the restriction endonuclease EcoRI recognizes the site GAATTC. The following analysis questions refer to how a piece of DNA would be affected if a restriction endonuclease were to "cut" the DNA molecule in the manner shown above.

How many pieces of DNA would result from this cut? 

Write the base sequence of the DNA fragments on both the left and right side of the“cut”.


Left: 





Right:

Restriction Fragment Length Polymorphism (RFLP) is the process of comparing the DNA of different organisms based on where the restriction enzyme(s) cut the DNA.  Any mutation in the DNA that causes a new restriction site to be created or an existing one to be eliminated will change the number and length of fragments produced.  When multiple restriction enzymes are used together, a DNA profile, or fingerprint, can be created.

Procedure

You have a sample of your mystery meat DNA plus five known samples.  One of your known samples is R. tarandus kept in the state wildlife labs.  The other four known samples were chosen based on likely alternatives and your suspected poacher’s stories:  whitetail deer (Odocoileus virginianus), moose (Alces alces), domestic sheep (Ovis aries), and domestic goat (Capra hircus).  You will subject all six of your DNA samples to the same restriction enzymes.  Differences in sequences between your species will result in the restriction enzymes cutting the DNA at different sites, creating differently sized fragments.  You will then separate these fragments through gel electrophoresis and view them.  By comparing your unknown sample to the known samples, you will hopefully be able to identify if your suspected poacher is guilty or not.
[image: image1.emf]
Restriction digest of DNA samples:

1. Add 10l of the restriction enzyme mix to each of your sample tubes, which already contain 10l of your DNA samples. (Be sure to use new pipet tips each time.)  Mix the enzyme into your DNA sample by pipetting up and down a few times gently.

2. [image: image2.emf]Tightly cap each tube and mix by flicking. 
3. [image: image3.emf]Incubate your samples in a 37oC water bath for 45 minutes by putting your tubes in the foam float.

Casting the agarose gel:

1. [image: image4.emf]Place your gel casting tray in the gel caster rig along with another lab group’s.  Make sure the caster is level and place the gel comb into the groove of your casting tray.
2. Very carefully pour the 40ml heated liquid agarose solution (1% agarose in 1X Tris-acetate-EDTA (TAE) buffer) into your gel casting tray.  Be careful not to burn yourself as this is quite hot!  Pour slowly to avoid getting bubbles in your gel.
3. Allow your gel to sit, undisturbed, for about 15 minutes until the agarose cools and solidifies.  Once solid, remove your gel casting tray from the caster and pull out the comb, leaving empty wells for your samples.  Put your gel, in its tray, back into your electrophoresis gel box with the wells on the negative electrode (black) side.
[image: image5.emf][image: image6.emf]Loading and running the gel:

1. Fill the gel electrophoresis box with 0.25X TAE running buffer, enough to cover the gel completely.
2. [image: image7.jpg]


[image: image8.emf]Add 5l of loading dye into each of your six                                                                                                                .                                            sample tubes and flick to mix.
3. Using appropriate pipetting techniques, load 20l of each of your six samples into their respective wells, being sure to record which sample is in which well. 
4. Load 10l of the DNA size marker into an empty well.
5. [image: image9.emf]Connect your gel box to the power supply and run your gel for 20 minutes at 200 volts.

6. Disconnect your gel box, turn off the power supply, and take your gel casting tray out of the electrophoresis box.  Slide your gel into a staining tray and add enough 1X Fast Blast DNA stain to cover your gel.  Label your staining tray and place on the rocker to stain over night.

Next day:
1. Before noon, at least one member of your group will need to come to the research lab and photograph your gel using a digital camera.

2. I will dry your gel in the afternoon for examination the next week.

Questions to answer between labs:

1. Consider the two samples of DNA shown below - single strands are shown for simplicity:


Sample #1:

C A G T G A T C T C G A A T T C G C T A G T A A C G T T


Sample #2:

T C A T G A A T T C C T G G A A T C A G C A A A T G C A

If both samples are treated with the restriction enzyme EcoRI (recognition sequence GAATTC) then indicate the number of fragments and the size of each fragment from each sample of DNA.

2. What are we trying to determine? (Write out the central question.)

3. What would you expect your gel to look like if there were no restriction sites in your DNA?

Analysis of gel:

1. Compare your mystery meat sample to your known samples and determine which to which species it belongs.  Do you have any evidence that your suspect is a poacher?
2. Construct a standard curve in Excel using your DNA standard marker.  (Don’t forget, this is a semi-log graph.)

3. Determine the size of all the DNA fragments in your unknown sample.

Note about our DNA samples
These DNA samples are not really from caribou, deer, moose, etc.  They are bacterial DNA.  However, the process and results would be functionally the same had we extracted our own DNA samples.  The primary difference is that eukaryotic genomes are much larger so if we were using the mammalian DNA we would likely have many more fragments from using these two restriction enzymes.  If you add up all the fragment sizes you can get an estimate of the size of the total genome.
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