


Lesson 2: RSPO2 Genotype Analysis by Gel Electrophoresis
Muilenburg V., Best A., Chase L., McDonough V., Stukey J. and Scogin S. 2020
Experimental Question
· How does the information encoding DNA of RSPO2 alleles relate to the coat phenotype in your dogs?
Learning Objectives and Goals
1. Articulate the experimental approach used to identify a genotype associated with a phenotype of interest.
2. [bookmark: _GoBack]Explain the potential consequences of insertion mutations in a gene.
3. Describe the basic principles of gel electrophoresis and successfully complete the procedure on a sample.
4. Analyze DNA samples in a gel and then estimate the DNA fragment size.
5. Interpret the electrophoresis results in the context of the scientific question (RSPO2 genotype of your dog).
Procedures at a Glance 
Discussion of the Principles of Gel Electrophoresis


Prepare RSPO2 Amplified DNA for Gel Electrophoresis



     Load Gel with RSPO2 PCR Samples and DNA Ladder; Run the Gel



Pre-Lesson Worksheet 2 (10 pts) After the Gel Run: Take a Picture of Your Gel Using the Gel Documentation System and Analyze Results
During the Gel Run: Continued Discussion of Cadieu et al. (2009) Article and Complete in-class exercise on DNA gel analysis


Name __________________________________________ Date:  _____________
Lab Instructor:_____________________	Section:_____________________
Three genes were identified that influence the dog coat traits of growth pattern (presence/absence of furnishings), hair length (short/long), and curl (presence/absence).  This week, we will focus on the RSPO2 locus.  Complete the following worksheet in preparation for lab.  The answers to some of the following questions can be found in the article “Coat Variation in the Domestic Dog Is Governed by Variants in Three Genes” by Cadieu et al. (2009).

The growth pattern coat trait comes in 2 distinct phenotypes (presence/absence of furnishings) that are associated with 2 distinct alleles of the RSPO2 gene.  Record below the genetic feature (i.e., genetic sequence) of the allele associated with each phenotype. 

1. Presence of furnishings –  _________________________________________________________________

2. Absence of furnishings  –  _________________________________________________________________

3. Is this difference expected to affect the structure, function and/or amount of the encoded protein?  If yes, explain how.  If no, explain why not. 






4. Complete the table below based on the coat phenotype of YOUR analyzed dogs:

	Dog and breed
	Dog coat trait – growth patterna
	Possible genotype(s)b
	Expected PCR resultsc

	
	
	
	

	
	
	
	


a = Presence/absence of furnishings
b = Homozygous/heterozygous for dominant or recessive alleles
c = Expected results from your gel electrophoresis analysis (# bands, distance traveled)

5. Last week you prepared a PCR to amplify (i.e., make many copies of) a portion of the two RSPO2 gene alleles found in your dog’s genome.  This week you will use gel electrophoresis to analyze the results of your RSPO2 PCR.  Why will we use this technique to analyze the RSPO2 genotype of your dog but not the genotypes of the other two genes (FGF5 and KRT71) being investigated? 
Introduction
The experimental approach

From the Cadieu, et al. (2009) Science article, we have learned that the presence or absence of eyebrows and mustache (furnishings) for dogs is associated with the genotype observed at the RSPO2 locus. The researchers used a Genome Wide Association Study (GWAS) approach in a very similar group of dogs, followed by expansion of the GWAS analysis to a diverse group of dogs to corroborate initial findings. They focused on the Dachshund breed to pinpoint the genetic locus responsible for different furnishings, since this breed contains examples of three phenotypes – smooth-coated, longhaired and wire-haired – and only the wire-haired phenotype exhibits furnishings. Thus, the experimental design relied on using the non-furnishing phenotypes as controls and the wire-haired phenotypes as the experimental group (or cases). Using this strategy of minimizing the differences between control and experimental groups by looking within a dog breed allowed the researchers to pinpoint the probable location of genetic differences associated with the phenotypic change, which turned out to be in chromosome 13. The researchers then expanded their search to include other breeds and found that a difference in the same general region of chromosome 13 was consistently present in all dogs displaying furnishings. The researchers then used a fine mapping technique to pinpoint the exact location of the differences within chromosome 13 of dogs to a region localized to the R-spondin-2 gene (RSPO2), and then they used DNA sequencing to identify the specific changes in the DNA. Figure 1 of the article clearly depicts the progression from identifying a broad region of DNA to a specific location in the DNA that was consistently associated with the furnishings phenotype, and represents a powerful approach that is broadly applicable to linking specific genetic mutations to specific phenotypes.

The specific change in the DNA was the insertion of 167 base pairs of DNA in the RSPO2 gene. RSPO2 has been implicated in cellular processes associated with hair follicle formation in dogs. Based on comparison to DNA from wolves, the ancestors of all domesticated dogs, the short form of the gene is the ancestral genotype. Interestingly, the insertion of DNA is located in what is termed the 3’-UTR (untranslated region) of the gene. This means that while the messenger RNA (mRNA) that is produced from the gene contains the longer version of the gene, the actual protein that is translated from the mRNA does not change between furnished and unfurnished phenotypes. You should contrast this with the other types of changes identified for the FGF5 and KRT71 loci that we will be analyzing in Lesson 3 of this module. From this point forward, we will refer to the ancestral genotype (short form of the gene) as the RSPO2-anc allele and the alternative genotype (longer form of the gene) as the RSPO2-ins allele.

The insertion of DNA results in a change in the length of the RSPO2-ins allele that we can detect through a technique called gel electrophoresis. This technique separates DNA by size, allowing us to detect the difference between the length of the genes found in dogs with and without furnishings. In Lesson 1 of this module, you isolated genomic DNA from your dogs and used PCR to amplify specific segments from the genomic DNA. The primers that we used targeted the region of RSPO2 that contains the possible insertion, and the size of this PCR product is dependent on whether the insertion is present. We will use gel electrophoresis to analyze our PCR products for the RSPO2-anc and RSPO2-ins alleles in your dogs.




A primer on gel electrophoresis of DNA

Electrophoresis is the movement of charged molecules in an electric field.  In the most common form of electrophoresis, the sample is applied to a stabilizing medium in which the sample molecules travel. Both agarose and polyacrylamide gels can be used as stabilizing media for the electrophoretic separation of nucleic acids.

In an agarose electrophoretic system, the agarose gel contains preformed sample wells and the entire gel is submerged in a buffer solution. Both the gel and buffer are contained in an electrophoretic chamber. Samples to be separated are loaded into the sample wells. Current travels from the power supply to the negative electrode (cathode), through the conductive buffer solution and gel, and into the positive electrode (anode), thus completing the circuit.

At near-neutral pH, DNA molecules carry a net negative charge due to the –PO4- groups in the DNA. It is these charges that are responsible for the migration of nucleic acids in an electric field. Since virtually all fragments have the same net negative charge, the rate of a fragment’s migration depends upon molecular weight – the gel matrix impedes the movement of larger fragments more than that of smaller fragments.

Electrophoresis equipment: The Gel-Pro Horizontal Electrophoresis unit is composed of an acrylic cell with platinum electrodes, a removable casting tray, a well-forming comb, and a safety lid with power cords. Each gel contains 10 sample wells. Nucleic acids like DNA can only move through the gel if a complete electric circuit exists from negative electrode through gel to positive electrode, and this circuit is provided by the buffer solution poured into the unit to a depth covering the top surface of the gel by 3-5 mm.  The electric field is provided by a two-level (ca. 70 and 100 volts DC) power supply.

Electrophoresis Chemicals
The Agarose Gel:  A number of different variations of polyacrylamide or agarose gels have been used for separating DNA and RNA fragments, but agarose is perhaps the most commonly used agent. Agarose is a natural polysaccharide of galactose and 3,6-anhydrogalactose derived from agar, which in turn is obtained from certain marine red algae. Agarose gels are made by dissolving the dry powder in boiling buffer, pouring the gels into casting trays, and allowing them to set by cooling to room temperature.

Electrophoresis Buffer System: We are using 1X Tris-Acetate EDTA (TAE) buffer in both the gel and as the electrophoresis buffer. The solution is made up of Tris-acetate and EDTA at pH 8.3. Tris is a short name for Tris (Hydroxymethyl) Aminomethane, and EDTA is an acronym for ethylenediamine tetraacetic acid. Tris helps maintain the pH in a desired range, and EDTA is a preservative that helps to prevent enzymatic degradation of DNA. The acetate is an ion that helps conducts the electrical charge during electrophoresis. 

Gel Loading Solution: The purpose of the gel loading solution is twofold – it allows us to effectively load the DNA sample into wells in the gel that are submerged in electrophoresis buffer, and it allow us visualize the progress of molecules during the electrophoresis run. The loading solution contains glycerol as a carrying agent that makes the solution heavier than the electrophoresis buffer. Thus, your DNA sample that is mixed with the loading solution “falls” through the buffer into the bottom of the well. The loading solution also contains Bromophenol blue, a dye that enables us to see the movement of molecules through the gel. Like DNA, the dye carries a negative charge, causing migration through the gel during electrophoresis.  We can easily see the dye move as a dark blue band in the gel during the run, so we are able to gauge how long we need to run the gel so the DNA in the samples will be well separated.

Visualization of DNA by staining: Once the electrophoresis is complete, we need to visualize the DNA to determine how far the molecules traveled in the gel. Fluorescent dyes are available that bind well to the structure of DNA. Traditionally, ethidium bromide (EtBr) has been used as a dye that provides good sensitivity when excited with UV light. However, EtBr is a known carcinogen and its use has begun to decline as alternative dyes that are equally or more sensitive than EtBr have been developed. We will use a fluorescent dye called SYBR Green, which is also excited by UV light and is much less toxic than EtBr. We will take a picture of the gel, looking for bright bands of light in the gel generated by the dye bound to DNA molecules. Even though SYBR Green is less toxic, you should make a point to always handle the agarose gels, the electrophoresis buffer, and anything that comes in contact with them using nitrile gloves.

Procedures

Practice Pipetting into Gels
1. Put on gloves and safety glasses.
2. Cover the gel in your petri dish with water until all wells are submerged.
3. Load 10 µL Practice Dye into the wells of a petri dish. To load, insert the tip of your pipette about 1/3 – 1/2 way into the well (do not insert your tip to the bottom of the gel because this will tear the gel). Each student should load several wells until they feel comfortable with this procedure.
4. Show your practice dye to your Instructor or TA and obtain permission to move on.
Preparing PCR samples for gel electrophoresis:Fig. 1. DNA fragments from 1,500 to 200 base pairs in length in a 100 base pair ladder.


5. The 1.5% agarose gels will be prepared for you prior to your arrival in lab.
6. Prepare your standard by adding 10 µL of 100 bp DNA ladder to an empty 0.2 mL PCR tube. Add 5 µL of 6X Gel Loading Dye. (The DNA standard solution we are using consists of DNA fragments of known size from 100 to 1500 base pairs in length. (see Fig. 1).
7. Obtain your PCR samples from your instructor. The samples may still be frozen after storage at -20°C following amplification during PCR. You can thaw the contents of the tubes by holding them in your hand for a few moments. Visually inspect the samples to ensure they are thawed. Gently tap the tubes on the bench several times to settle the liquid to the bottom of the tube. Be careful not to introduce air bubbles into your samples.
8. Add 5 µL of 6X Gel Loading Dye to your 25 µL volume RSPO2 PCR tubes and mix by flicking the tubes. Tap the tubes on the bench to bring the liquid to the bottom of the tube.
9. Look at your gel. Verify that the wells are closest to the black electrode.
10. In your lab notebook, draw a schematic version of the gel that represents each of the wells. As a group, assign each of your samples to a well in the gel. 
i. Assign your DNA standard to two of the wells. 
ii. Assign two technical replicates of each of your RSPO2 PCR samples to a well. In the first technical replicate, you will pipette 10 µL of your PCR sample into the assigned well. In the second technical replicate, you will pipette 15 µL of your PCR sample into the assigned well.
Warning: Steps 11 and 12 require careful and slow pipetting! Do NOT release the button on your pipette until the pipette tip is removed from the gel.

11. Load 3 µL of DNA standards into one of the designated wells in your gel and 2 µL of DNA standards into the other designated well. 

12. Load 10 µL of your first PCR sample containing gel loading solution into its assigned well and then 15 µL of your first PCR sample containing gel loading solution into its assigned well. Make sure all samples have been loaded onto the gel. Repeat this for the second PCR sample.
13. With the power supply UNPLUGGED, attach the safety cover to the electrophoresis unit and plug the leads into the power supply. Then set the power supply to high (~100 V). Plug the power supply in and turn it on. Allow the gel to run for ~45 minutes.
14. Adequate separation will have occurred when the bromophenol blue tracking dye has moved between two-thirds and three-quarters of the way through the gel.
15. Follow the directions from your instructor to document the results of the gel run. You will take your gel to the UVP Gel Documentation System in a separate laboratory. The procedure that will be used to visualize the DNA and take a picture is described next.

Instructions for Using UVP Gel Documentation System to Obtain Images of SYBR Green Gels:
A. UVP Gel Documentation Box settings
1. On top of unit, make sure the black line on the Emission Filter dial is pointed to the SYBR Green Setting.
2. Turn the Ultraviolet toggle switch to Trans.
3. The White Light toggle switch should be in the neutral (middle position).
4. Open the door and turn the Transilliuminator on by putting the toggle switch in the ON position.  
5. The dial should be set at the 365 nm setting.
6. At this point, the UVP Gel Box will be functional when the door is closed.  If you wish to make sure that you set the box up correctly, place the UVP test card on the transilluminator and close the door.  Push on the window in the middle of the door to open the window and confirm you have a SYBR green signal.
7. You can now place your gel on the Transilluminator.
B.  Image Acquisition using the VisionWorks software
1. Double click on the Launch VisionWorks Icon on the desktop to open the software program.
2. When the program opens, it defaults to the Acquisition Window, and the Lighting Sub-Menu.
3. You should select fluorescence at the top of the window on the left side of the screen.
4. Now select the Camera Tab, next to the Lighting Tab at the top of the screen
a. Under this sub-window, you can select the exposure time, etc.
b. To begin, select Preview at the top of the screen to see the image.
c. If you think that your gel is crooked, adjust for that by opening the door and adjusting the position of the gel.  For your safety, the UV light automatically shuts off when you open the door.
d. Once the gel is positioned correctly, you can adjust the exposure time.  If the gel is too bright, then decrease the exposure time.  If the gel is too dark, increase the exposure time.
e. To change the exposure time, you will use the Exposure heading on the side menu.  You can either use the slide bar underneath the Seconds line to increase or decrease the exposure time, or you can type a new value(s) into the seconds/minutes boxes.  If you want to see the preview change in real time, you must hit the enter button after typing in a new exposure time value.  If you use the slider, it adjusts automatically.
f. Most of the gels needed exposure times ranging from 0.8-2.5 sec.
g. If you have the Preview box still selected, the changes in the final image will be visible to you in real time (i.e., if you increase the exposure time, you will see the image get darker).   
h. Once you have the exposure setting correct, click Stop Preview at the top of the screen.
5. Now you are ready to capture your image.  Select Capture at the top of the menu to take your picture.
6. If you are happy with your image as is, select File on the Menu bar at the top of the screen and select Save As.
7. Save your image to the appropriate folder on the desktop as a .jpg file.  E-mail this file to yourself.
NOTE: If you did not see bands on your gel, setup a new PCR reaction to amplify RSPO2 (see last week’s protocol).
Results: Analyze your gel to determine your dog’s RSPO2 genotype by completing the following steps and answering the following questions in your lab notebook. 
1. Open your email and download the image of your gel. Copy and paste the image into Word and then add a professional figure caption. In the caption or legend, include what is in each lane and the results of your gel. Tape the copy of your completed figure into your lab notebook.
2. For any gel electrophoresis analysis, you should have an expectation of what you will see in the gel. In our case, we should have an expectation of the sizes (length in base pairs) of the PCR products that could be produced from each RSPO2 allele (RSPO2-anc; RSPO2-ins). This information comes from the experimental design stage where we designed PCR primers to specific sequences surrounding the potential insertion site in the RSPO2 gene. Since we know the distance in base pairs of DNA between the two primers, we can calculate the size of the PCR amplification product. We expect the version of RSPO2 without the insertion (RSPO2-anc) to yield a PCR product of 676 base pairs. What is the expected size in base pairs for the PCR product if your dog has the RSPO2-ins allele?Fig. 2. RSPO2 genotype analysis of a Welsh Corgi (Lanes 1-2) and a Shih Tzu (Lanes 4-5) by gel electrophoresis. The Welsh Corgi is homozygous recessive for the furnishings allele (RSPO2-anc) as indicated by 1 band at a length of ~676 bp.  The Shih Tzu is heterozygous for the furnishings allele as indicated by 1 band at ~676 bp (RSPO2-anc) and 1 band at ~846 bp (RSPO2-ins).  Lanes 3 and 6 contain the 100 bp DNA ladder.

3. Look to see how many bands you have in the gel lanes containing your samples and the sizes of the band(s) (see Fig. 2). Then answer the following series of questions in your lab notebook!
a. What is the estimated size of the band(s) that you see, based upon comparison of the band location with bands seen in the DNA standard?
b. Do you have a band(s) at the correct size for RSPO2-anc and/or RSPO2-ins?
c. Do you have bands at the correct size for both alleles? What would it mean if you did have both alleles represented? 
d. Do you have bands in the lane that don’t agree with the expected sizes for the RSPO2 alleles? If so, this could represent spurious amplification of products due to non-specific binding of primers to other locations in the template DNA or even to amplification of the primers, themselves (a product called “primer dimers”).
Conclusion: assign genotypes to each dog sample. Based on your expectations of the length of the RSPO2-anc and RSPO2-ins alleles, assign the observed genotype for each dog. Is each dog homozygous or heterozygous at the RSPO2 locus? Does the observed genotype agree with the expected genotype based upon the phenotype of the dog? Answer this in your lab notebook.



Post-Lesson Worksheet 2 (10 pts)
Name:  _____________________________________________ Date:  _____________
Lab Instructor:___________________________	Section:___________________
Note: The following figure and table must be electronically generated and scientifically professional.
1. (5 pts) Generate a figure that shows the results of the gel electrophoresis of your dog DNA samples. The figure should include a picture of the gel, clearly labeled lanes, labeled DNA fragment sizes for the DNA standard, and a caption. The caption should appear below the figure and should briefly describe the results of the experiment (e.g., the lengths of the RSPO2 alleles for your dogs)

2. (5 pts) Generate a journal-style table that includes information for each dog that your group has analyzed (columns are listed below). Include a title and caption for the table, which should appear above your table. Also, include any necessary footnotes below the table. 
-Order of Columns in Table (Columns 1-6): 
Dog ID (1); Dog Name (2); Observed Phenotype (3); Expected Genotype (4); Estimated PCR Product Size (based on visual comparison to DNA standard on gel) (5); Experimentally Determined Genotype for Your Dog (using allele notation RSPO2-anc, RSPO2-ins) (6).
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