LABORATORY 4 MODULE

Local Population Structure and Behavior of the Wood Frog, Rana sylvatica
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This module is comprised of four weeks that are arranged in a similar format to Lab 2. During the first week, we will make a field trip out to local ponds to examine the wood frog subpopulations and their environments. Weeks 2 and 3 will involve laboratory analysis of the tadpoles that we will have collected on Week 1. On the final week, we will discuss what our findings indicate about the structure, health, and behavior of the local wood frog population. Weather could change the order of the labs, and any changes will be announced in class and by email.


For week 1 of Lab 4, please come to TBL112 for a brief introductory lecture at 1PM. We will then split up into two groups and go explore the two ponds that we will use for our experiments. Dress appropriately for potentially muddy, cool conditions and bring something with which to take notes.

LABORATORY 4-1

Surveying the Local Wood Frog Environment, Egg Collection

Introduction




The purpose of this module is to examine the genetic health, population structure, and behavior of the local wood frog (Rana sylvatica) population. This laboratory is original research: our wood frog populations have not been studied in this way before.




The experimental component will take three weeks.  In the first week, we will visit two local breeding subpopulations, explore the two, very different environments, estimate the subpopulation sizes, and obtain egg clusters for our analysis.   In the second week, we will extract DNA samples from the tadpoles that will have hatched from the collected egg clusters.  The staff will then carry out PCR on your extracted DNA and send some of the resulting product through an automatic sequencer to determine the product sizes. The third week, we will visualize the PCR products on gels, examine the readouts from the automatic sequencer, score the “DNA markers” of all the tadpoles, observe tadpole behavior, and answer the questions outlined below. The following week, we will discuss our findings, much as we did after the lithium chloride experiment we conducted on sea urchins. A problem set will be assigned after this discussion.


Our “DNA markers”: Microsatellites




Much of the research we will do here involves determining the relatedness between Rana tadpoles, either within an egg cluster, within the same pond, or between the two ponds that we will explore. The way we will determine relatedness will be to examine the microsatellites in the tadpole DNA. Microsatellites are non-coding DNA sequences that consist of di-, tri-, or tetranucleotide repeats (e.g. [CAT]11). There are many such sequences sprinkled throughout the eukaryotic genome, with each type of microsatellite occurring at a specific locus. A certain number of repeats constitute an allele, and this allele is heritable in a Mendelian fashion, just like any other nuclear DNA sequence. For example, if two wood frogs mate and one is homozygous for  the 112 bp allele of a certain microsatellite and the other parent is heterozygous for the 150 and 160 bp alleles, then the progeny will have either the 112 and 150 bp or the 112 and 160 bp alleles in their genomes.


Microsatellites are also genetically neutral. In other words, they are not thought to be required for survival or otherwise affect fitness. In the next prelab, we leave it up to you to consider why a neutral DNA marker would be a more effective way to determine relatedness than a gene essential for survival. 


Finally, although microsatellite alleles vary in the number of repeats they contain in their midst, the sequences flanking the repeat regions are not as repetitive, highly conserved between individuals, and generally different from other sequences in the genome. This allows researchers to target and analyze a specific microsatellite in the genome of their model organism, as explained in the next section.

PCR (Polymerase Chain Reaction)

A genome is large and complex, and the DNA constituting any given microsatellite makes up a tiny fraction of the whole. In order to characterize the alleles carried by an individual at a specific microsatellite locus, it is necessary to make multiple copies of this locus so that it is present in excess relative to the rest of the genome. Amplification of a specific DNA sequence is done by using a Polymerase Chain Reaction (PCR). 


The diagram on p. 90 shows how PCR works. In addition, the Dolan DNA Learning Center has produced an online, interactive demo (http://www.dnalc.org/ddnalc/resources/pcr.html). We will walk you though this demo in a prelab lecture.  


The high-quality genomic DNA that you will isolate on week 2 will be placed in a reaction mix that includes 


a) two short stretches of single-stranded DNA called primers, chosen to 


complement the DNA sequences that flank a specific microsatellite


b) Taq polymerase (a DNA polymerase that can tolerate high temperatures)


c) deoxynucleotide triphosphates (dNTPs, the subunits a polymerase uses to make 


a DNA strand)


d) a buffer that sets up the correct ionic and pH conditions for the reaction.  


Each cycle of the polymerase chain reaction starts with a short period of high temperature, which denatures the DNA, yielding single strands.  When the reaction mix is allowed to cool again, the primers, which are present in high concentrations, anneal to the corresponding genomic DNA sequences.  The Taq polymerase then adds nucleotides to the 3’ end of each primer, making copies of the region of the DNA strand that includes the microsatellite.  For each succeeding cycle, the copies from previous cycles as well as the original genomic DNA can serve as templates; in theory, the number of copies of the DNA segment of interest will double with each cycle.


By running the reaction through many cycles, we can generate many copies of the DNA segment between the primers.  The length of this segment is longer than the microsatellite itself, as it includes the primers, but differences in the number of repeats in the microsatellite sequence in the original genomic DNA are reflected in differences in the length of the segment amplified by the PCR method. The alleles are then run through a polyacrylamide gel in order to estimate their sizes. 


Recall that DNA polymerases such as Taq require a primer to initiate DNA synthesis. Therefore, knowing the exact DNA sequences that flank the microsatellite on either side is crucial to performing PCR to amplify microsatellite DNA.  The primers are pairs of single stranded oligonucleotides approximately 20 nucleotides long, each of which is complementary to the DNA on one side of the microsatellite of interest. Properly designed primers will complement the two regions flanking a specific microsatellite, and will then serve as the initiating sites for DNA polymerization.


The process of identifying microsatellites within the genome and determining the primer sequences is long and complicated.  We are fortunate to be able to use 3 preexisting pairs of Rana sylvatica primers, which amplify 3 different microsatellites, and so give us 3 different loci to use in our study of population structure. These microsatellites and the corresponding primer sequences were identified by Julian and King (2003).

Table 4-1. PCR primers used to amplify Rana sylvatica microsatellites in Laboratory 4

	Primer Pair #


	Primer Sequences (5’ to 3’)


	Product length 


	Number of alleles previously recorded



	A 

(RsyC11)
	TTACTTTCAGTTTCAAAAGGCAG/

TACACAGTGCTTCACAAGTTCC
	108-185
	24

	B 

(RsyD20) 
	GTTACTGTGGAGGTGATGTCTG/

TTCTATATCAAGCACCCATCTG
	200-280
	23

	C

(RsyD40)
	TGATTGATTGTTCACTATTGGG/

AAGTAGATTATGTGCTGCAAACTG
	145-360
	34



The PCR on your DNA will be run for you between weeks 2 and 3 of this lab module.  Primers, a reaction mix (including dNTPs, buffer, and Mg2+, an ion required for DNA polymerases to the negative charges on the dNTPs), and Taq polymerase will be pipetted into the reaction tubes into which you place 10 ng of your tadpole DNA.  The tubes will then be put into a PCR machine, which will cycle the temperature in the tubes repeatedly to generate many copies of the stretch of DNA found between the primers. 


The next week, we will estimate the sizes of the microsatellite alleles by using the fragment analysis function of an automatic sequencer. See Appendix B for a sample readout from a fragment analysis. We will go over how to interpret this readout in lab lecture. The class data will be pooled, and the pond and egg cluster that each tadpole came from will be carefully documented. This will allow us to ask questions about the genetic health, population structure, and even the behavior of the local Rana population. The specific questions we will address in this lab are outlined on page 91.
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Figure 4-1. Schematic describing the steps of the polymerase chain reaction (PCR). For a more dynamic view, see the recommended hyperlink (http://www.dnalc.org/ddnalc/resources/pcr.html).
Questions being asked in the Lab 4 module

1) Do the frequencies of the microsatellite alleles in the Rana population significantly deviate from Hardy-Weinberg equilibrium?


In class, you will learn about the Hardy-Weinberg Principle. Essentially, this principle states that allele and genotype frequencies remain the same from generation to generation. There are some assumptions made when applying this law, which include random mating, no mutation, no migration, and no natural selection. 


A simple example will illustrate the use of the Hardy-Weinberg Principle: Imagine if there are two microsatellite alleles in a population, and the frequencies of these two alleles are denoted as p and q. Given that these are the only two alleles in this hypothetical population, p + q = 1. Assuming a diploid organism, an individual may either have the genotype p/p, p/q, or q/q. Assuming Hardy-Weinberg equilibrium (HWE), the probability of each of these three genotypes occurring is (p + q)2, or p2, 2pq, and q2 respectively ( a simple quadratic equation). 


This ratio, of course, is a simplification of nature, but it gives the researcher a useful foundation with which to ask questions. After sampling a population and determining the allele frequencies and genotypes of the individuals, a researcher can ask whether the observed data deviates from HWE. Some deviation can be expected due to sampling error or random chance. (Just think of flipping a coin multiple times to be reminded of this.) However, there comes a point when deviation is statistically significant, and at this point, we must ask why that deviation occurs. There are statistical methods to test for significant deviation from HWE, such as the Chi-square test. However, we are dealing with many more than two alleles in this experiment, so these tests would be very complex for an introductory biology course. For now, just know that such tests exist, and we will tell you how the tests played out in the discussion section. You will learn the Chi-square test for yourself in a statistics class or if you choose to continue your studies of biology with the Genetics course next year.


If we find deviation from HWE in our data, our task will be to characterize this deviation further and find out why this is so. Some possible explanations are addressed in questions 2-4 below. 

2) Is there evidence of inbreeding in either subpopulation?


Inbreeding, or the mating of relatives with relatives, disrupts HWE by increasing homozygosity at the expense of heterozygosity. An interesting feature of inbreeding is that it might be “deliberate” or “unintentional”. Inbreeding may happen because a population is not randomly mating (for example, selfing plants). If this were the case, we would expect to see disruption of HWE within the subpopulations, as well as the population as a whole.  Alternatively, mating may be random within subpopulations, but the gene pool might be limited in these subpopulations by small numbers and/or geographic confinement. Returning to the population described in 1) above, imagine if all the p/p individuals were placed in one microenvironment and all the q/q individuals were placed in another environment and migration between sites were not possible. If this were the case, the population as a whole would exhibit an excess of homozygotes and not fit HWE, because geography prevents random mating between subpopulations, but both subpopulations would be randomly mating.


Sewall Wright (1951) developed F-statistics to help us determine if there is significant inbreeding and if so, at what level in the population. First, we will see how to determine if there is inbreeding at the subpopulation level. In this case, F-statistics are comparing the heterozygosity of individuals (I) versus the heterozygosity expected for a subpopulation (S):

FIS=(HS – HI)/HS

HS = the expected heterozygosity of a subpopulation with random mating


= 1 – (the sum of expected homozygote frequencies within a 


subpopulation)



= 1 – (( ai2) 



where ai= the observed frequency of each allele within a subpopulation


HI = the sum of observed heterozygote frequencies within a subpopulation


A sample calculation is shown in Table 4-2 on the p. 94. In our experiment, this calculation will be done separately for each of the three microsatellites and two ponds (subpopulations) that we will examine (6 FIS calculations total).

3) Is genetic drift a significant force driving divergence between the two subpopulations?


Genetic drift is defined as a change in allele frequencies in two subpopulations over time due to random chance. If migration between subpopulations is low, and/or if the subpopulation sizes are small, allele frequencies can diverge due to random differences in mating or survival between the subpopulations, even if mating is random in each subpopulation and fitness is equal on average. 


2) gave you a way to characterize deviation from HWE on the subpopulation level. The equation on the next page characterizes deviation from HWE on the total population (T) relative to the subpopulation (S) levels. This allows us to effectively quantify genetic drift.

[image: image1.png]


FST=(HT – HS)/HT
[image: image3.wmf]
HS = the average of the expected heterozygosities in the different 



subpopulations, assuming random mating within each subpopulation



(see definition of Hs above)


HT = the expected heterozygosity in the entire population, assuming 



random mating



= 1 – (the expected frequency of homozygotes in an entire population)
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= 1 – (( ai2) 



= 1 – (“the sum of each average observed allele frequency in the



 total population squared”)


A sample calculation is shown in Table 4-2 on p. 94. In our experiment, this calculation will be done separately for each of the three microsatellites that we will examine (3 FST calculations total).


Upon calculating FST, the influence of genetic drift can be determined. If Fst < 0.05, then the subpopulations are thought to exhibit little divergence from one another and effectively act as one metapopulation (a panmictic model). This can occur because the subpopulation sizes are high and/or because migration is high enough to counteract the effects of drift. If FST is between 0.05 and 0.15, divergence is considered moderate, and if FST > 0.15, then divergence of the subpopulations is considered highly significant, effectively acting as independent entities (an island model). 

Table 4-2. An example of HI, HS, and HT calculations with two subpopulations and two alleles at one locus (p and q).

	 
	Genotype frequency
	Observed allele frequencies
	Exp frequency of heterozygotes in the subpopulation (=Hs)

	 
	p/p
	p/q (=HI)
	q/q
	p
	q
	 

	Subpopulation 1
	0.1
	0.8
	0.1
	0.5
	0.5
	=1-(0.52+0.52)=0.5

	Subpopulation 2
	0.2
	0.2
	0.6
	0.3
	0.7
	=1-(0.32+0.72)=0.42
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	Mean population allele frequencies
	=(0.5+0.3)/2
	=(0.5+0.7)/2
	        

	 
	 
	 
	 
	=0.4
	=0.6
	 

	 
	 
	 
	 
	 
	 
	 

	Expected total population heterozygosity          (=HT)
	=1-(0.42+0.62)
	 

	
	=0.48
	 


4) What are the rates of migration from each of the ponds to the other?




Large subpopulation sizes and high migration from one subpopulation to the other can counteract genetic drift. We can see this in how the product of these two factors relates to the level of inbreeding in the subpopulations: in a subpopulation of size N, with a migration rate of m, FST is approximated by 1/(1 + 4Nm). As either N or m increases, FST decreases, and genetic drift is suppressed (Wright, 1951).




Slatkin (1985) derived an alternate method to deduce Nm, based on the average frequency of private alleles, or alleles found in only one subpopulation:

ln (p)=a*ln(Nm) + b




In this equation, p is the average frequency of private alleles  (measured from the data), and  a and b are constants determined by Slatkin  (a = -0.505 and b= -2.440). Solving for Nm, we find:
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As with the FST equation, this makes sense intuitively. The more divergent subpopulations are, the more the population as a whole fits the island model, the higher one would expect the private allele frequencies to be on average, and the lower Nm will be.


If the number of tadpoles we sampled is different than 25 per population, we will need to adjust our estimate of Nm by multiplying it by (25/n), where n is the number of tadpoles we sampled for each population.  If the sample size for the two populations is different (as it is likely to be), use the average for the sample size.



Fig 4-1. Graph from Slatkin's original paper.   The dark line is the actual relationship between Nm (on the x axis) and the average frequency of private alleles (on the y axis).  The dotted line is the approximate straight line equation given above that we will use to estimate Nm.

5) How many fathers per egg cluster?


Amphibians undergo external fertilization in a process called amplexus, where the male holds the female and fertilizes the eggs as they are laid in the pond. We will see videos and hopefully live examples of this phenomenon. One interesting feature of this process in wood frogs is that males will often compete for position on a female. Males of another Rana species, Rana temporaria, are known to fertilize a laid egg cluster in a phenomenon known as “clutch piracy” (Vieites et. al., 2004). This begs the question as to whether egg clusters generally have one father or not in our local Rana sylvatica populations. We will attempt to answer this question by organizing our microsatellite data according to the egg cluster each tadpole derived from. We will leave it up to you to figure out how you would know if  there were multiple fathers.
6) How do tadpole siblings position themselves relative to one another?


Amphibian larvae have been observed to aggregate or avoid each other in different contexts (e.g. Halverson et. al., 2006). As interesting as this phenomenon is, it is largely a mystery as to what factors determine whether tadpole siblings choose to aggregate or not. We will begin to answer this question by determining the baseline behavior of tadpoles in the local subpopulations. We would like you all to assist in developing the experimental design. The next prelab assignment ask you to begin to think about this: For starters, we will ask if tadpole siblings in each of our subpopulations aggregate or avoid one another in a laboratory setting. Using your ideas, a series of different experiments will be tried in an attempt to get a robust result. If findings are promising, we may attempt to test other variables. Again, this will involve input on your part. Further details will be relayed in the prelab lectures.

Name  _________     ____________ Lab Section   ____      _____

PRE-LABORATORY ASSIGNMENT 




Lab 4, week 2: Extracting DNA from tadpole tissue
(This MUST be completed and passed in at the START of the lab)

1.
Why do PCR primers enable DNA to be amplified? Why do they allow you to amplify a specific microsatellite?   

2.
In two sentences or less, why do you think it is advantageous to use a neutral marker like microsatellites, as opposed to a gene essential for survival, to measure the relatedness between subpopulations?

3.
For a given microsatellite:


How many different alleles might you expect to see from a single frog’s DNA (give a range if necessary)? 


How many different alleles might you expect to see in the tadpoles from a single egg cluster, assuming one father and one mother (give a range if necessary)?

4.
How will you determine the level of protein contamination in your DNA?

 (OVER)

5. During this week of lab, we will try to determine how tadpole siblings interact with one another. Given the info that was relayed last week, design an experiment that determines if siblings tend to cluster with or avoid one another. (There are many “right” answers. The point is to prime you for a discussion of how we will do this experiment as a class.)

6. 

	 
	Genotype frequency

	 
	p/p
	p/q
	q/q

	Subpopulation 1
	0.2
	0.6
	0.2

	Subpopulation 2
	0.5
	0.3
	0.2


The table above is based on Table 4-2 in the last lab intro, illustrating the genotype frequencies of two subpopulations in a hypothetical population. Calculate HI (for each subpopulation), HS (for each subpopulation), HS, HT, FIS (for each subpopulation) and FST. Please show your calculations. 

LABORATORY 4-2

Observation of Tadpole Behavior and Fitness, 

Microsatellite Analysis

Introduction


In order to characterize the relatedness of the wood frog tadpoles within and between subpopulations, we will first need to obtain high-quality samples of DNA from each subpopulation that we are studying.  Last week, we collected egg masses from each of two ponds, and these eggs have since gone through embryogenesis and developed into tadpoles, providing enough cells and so enough copies of nuclear DNA to use for PCR.  Each student will extract the DNA from one of these tadpoles.  During the coming week, Audrey Werner will use this DNA to perform PCR to produce many copies of the three microsatellites characterized by Julian and King for Rana sylvatica (Table 4-1 on p. 89). Some of the PCR product will be sent through the automated sequencer for fragment analysis. During the next lab, fragment analysis from the automated sequencer will allow us to determine the allele sizes for each tadpole at each of these three microsatellite loci. 


Also note that we will be performing the behavioral experiment during this lab. The details of this will be discussed in prelab lecture and right before you begin Step 9. We may also ask some of you to assist in scoring the frequency of larval hatching in the various egg clusters to help us characterize embryonic fitness.


Outline of this week’s procedure

In many ways, this laboratory exercise parallels the extraction you performed in Biology 101, where you used a classic chloroform extraction and ethanol precipitation procedure.  For this lab, you will use the technique favored in most research labs:  pre-packaged kits.  The kit we are using this year, Qiagen’s “DNeasy” system, uses the following steps:

1.  Lysing the cells (using buffers, proteinase K, and manual homogenization)

2.  The lysate, which includes all of the cellular contents, is suspended in a buffer that sets up conditions that cause the DNA to bind to a silica gel column.  The buffer and many of the cellular contents (now considered contaminants of the DNA) pass through the column without binding to the silica gel.

3.  Wash buffers are passed through the column, removing more of the contaminants.

4.  Finally, water or a buffer for suspending DNA is passed through the column; under these conditions, the DNA no longer adheres to the silica gel, and is found dissolved in the water or buffer. 

5.  Just as you did in Biology 101, you will need to measure the amount and purity of the DNA that you have extracted.

For this lab, you will be working in pairs.  Although each individual will perform their own extraction (and each individual will extract DNA from a different tadpole), it is important to work together and to check each others’ progress through the steps in the lab.  Make sure you know exactly what you are doing, and why you are doing it, before proceeding to each step.

Clean technique is very important.  DNA contamination from any source might be amplified during the next steps in the process (the PCR reaction).   Always wear gloves and use sterile or ethanol-wiped implements.

PROCEDURE

(Feel free to team up with your partner, but each of you must isolate DNA from a different tadpole. This will maximize our sample sizes.)

1. Write down and remember the number you have been assigned at your lab station. This will facilitate our processing of the data. Each egg cluster was stored in its own separate container over the past week, and each egg cluster container is labeled with a range of numbers. For example, one container might be labeled “1-5, 41-45, 81-85, 121-125”. If you were assigned, say,  #121, use this container only. The bin will also be labeled with the pond of origin (probably “South” or “Hopper”). Write this pond ID down for your records. Using a plastic transfer pipette with tip cut off (to give a wider aperture), lift one tadpole out of a holding tank and transfer it to a petri dish.  Add distilled water (dH2O) to the dish.

2.  Let the tadpole swim around for a couple of minutes (this is a rinse step).

3.  Remove the distilled water from the tadpole’s petri dish and replace it with Tricaine (MS-222) solution.  Tricaine is an anesthetic that will prevent the embryo or tadpole from experiencing pain.   (Note:  This lab, like all laboratories with procedures that could potentially cause pain to live animals, is reviewed by a committee that includes faculty from Williams College, a veterinarian and a member of the community.  Special attention is given to the justification for the use of animals and the procedures to reduce or eliminate pain).    

4. Use a Kimwipe soaked with 95% ethanol (EtOH) to clean a razor blade and a microscope slide.  Place the slide on ice, packing down the ice underneath the slide so you can apply pressure to the slide in step 5.

5.  Using clean forceps, transfer the deeply anesthetized tadpole to the slide and use the clean razor blade to slice off the tail (make the cut just behind the head).  You need approximately 25 mg of tissue (a piece approximately the size of a large grain of rice).   Use the razor blade to cut the tissue into small pieces on the slide.

6.  Label a blue homogenizing tube (1.5 ml microcentrifuge tube) with your initials and transfer the tail pieces to the labeled tube.  Dispose of the remaining tissue in your ice bucket.  

7.  Using the P1000 pipetman, add 180 µl of Tissue Lysing Buffer (don’t mix up with “Lysing Buffer 2”) to the blue homogenizing tube.  Clean a dissecting needle by wiping it with ethanol, and use it to homogenize your tissue (break up any large pieces).

8.  Add 20 µl of Proteinase K to the tube, and mix the contents by vortexing.  Incubate the tube at 55°C for 1 hour.  Vortex the tube occasionally during this time to help break up the tissue. Proteinase K breaks proteins down, which will make it easier to remove them in future steps.

9. During this incubation, we will discuss and execute the behavioral experiment. In all likelihood, we will try a series of conditions suggested by your prelab assignments (question 5) in order to find the parameters that give the most robust result.

10.  Add 4 µl of 100 µg/ml Dnase-free Rnase.  Incubate for 2 minutes at room temperature.
11.
Thoroughly mix and suspend the contents of the tube by vortexing for 15 seconds.  Using a P1000, add 200 µl of  Lysing Buffer 2 (don’t mix up with “Tissue Lysing Buffer” from Step 7) to the sample.  Mix the contents of the microcentrifuge tube thoroughly by vortexing, and incubate for 10 minutes at 70°C.  This step lyses the cell membranes and releases all of the contents into a cellular soup, where Proteinase K is already present from Step 8.
12.  Vortex the tube for 15 seconds, and using the P1000 immediately add 200 µl of 100% EtOH (ethanol) to the sample.  Mix the ethanol in thoroughly by vortexing.  

13.
At your bench you will find a mini-column assembly (a silica gel column with a closeable top that sits inside a 2 ml collection tube). Label the mini column (not the collection tube) with your initials.  Pipet the entire contents of the microcentrifuge tube (from the previous step) onto the silica gel mini column.  Do not allow the tip of the pipette to touch the surface of the column (if you do, you may poke a hole in it, which would allow the DNA to pass through and be discarded).  Close the top of the mini column carefully.

14.  Centrifuge the mini column assembly (including the 2 ml centrifuge tube) for 1 minute at ≥ 6000 g (8000 rpm).  The DNA will be adsorbed to the column, while contaminants will pass through in the buffer.


15.  Discard the collection tube and the material it contains (the “flow-through”, which should be rich in contaminants).


16.  Place the mini column into a new 2 ml collection tube.  Add 500 µl of Wash Buffer 1.  Do not allow the tip of the pipette to touch the surface of the column.


17.  Centrifuge the mini column assembly, including the 2 ml centrifuge tube, for 1 minute at ≥ 6000 g (8000 rpm).  The DNA will remain adsorbed to the column, while contaminants will again pass through in the buffer.


18. Discard the collection tube and the material it contains (the “flow-through”, which should again be rich in contaminants).


19. Place the mini column into a new 2 ml collection tube.  Add 500 µl of Wash Buffer 2.  Do not allow the tip of the pipette to touch the surface of the column.


20. Centrifuge the mini column assembly, including the 2 ml centrifuge tube, for 3 minutes at full speed (to dry the column).  The DNA still remains adsorbed to the column, while contaminants again pass through in the buffer.  When you remove the column assembly from the centrifuge, do it carefully to keep the assembly level.  It is very important at this point that the column not contact the flow-through. If the column contacted the flow-through, proceed through step 20 and then repeat steps 19 and 20 (centrifuging for 1 minute is enough).

21. Discard the collection tube and the material it contains (the “flow-through”, which should yet again be rich in contaminants). 


22. Label a sterile 1.5 ml microcentrifuge tube (one of the empty, closed microfuge tubes at your station) with your initials. Place the mini column in this tube. Pipette 100 µl of Elution Buffer onto the surface of the column (but don’t touch the column with the pipette tip!).  Let the assembly stand at room temperature for 1 minute.  This will allow the buffer to soak into the silica gel and extract the DNA.


23. Centrifuge the mini column assembly for 1 minute at ≥ 6000 g (8000 rpm).  The Elution Buffer does not contain ethanol and so dissolves the DNA, allowing it to pass through the silica gel in the column and collect in the flow-though.  Do NOT discard the flow-through - it contains your DNA! 

Measurements of DNA Concentration and Purity

You now have your DNA, but you still need to determine its purity and concentration, as these will be important in setting up the next step of the procedure.  We will use the same procedure and spectrophotometers as in Biology 101, but to preserve the DNA for use we will use very small amounts in a cuvette that has a very narrow reservoir.   Bring your DNA and this sheet to the spectrophotometer.



Measurement or calculation

Recall that:

Nucleic acids have an absorbance peak at approximately 260 nm:
                       (height of peak)

While proteins absorb maximally at approximately 280 nm:
                       (height of peak)

The ratio of absorbances (260nm peak / 280 nm peak: 
                       (260/280 ratio)

indicates the purity of your DNA (between 1.6 and 2.0 is good)

If your DNA is pure, you can calculate its concentration:
                       (µg/ml DNA)

(peak absorbance at ~260 nm) x (50 µg/ml) 

Dilution of DNA
To run the PCR, your DNA needs to be at a final concentration of 10ng/µl.  You will need to convert the concentration of your sample to ng/µl.  (Example:  23.6 µg/ml is equal to 23.6 ng/µl).  For the polymerase chain reaction to run properly, you will need to place 1 µl of DNA at a  10 ng/µl concentration into each of your three carefully labeled PCR tubes (see “Preparing PCR tubes” below).  To do this, you will need to dilute your DNA in another sterile, 1.5 mL Eppendorf tube.

1.  Determine how much of your DNA solution to use in the dilution from this equation:  


(your DNA conc.)*(volume to add) = (target concentration)*(total final volume)


c1*v1 = c2*v2

We want our final volume to be 20  µl, therefore:


v1 =   10ng/ µl  x 20 µl = 8.47 µl of the DNA solution 

              23.6 ng/µl


You should determine the dilution factor for your sample, and measure out the appropriate amount from your original DNA sample (in the example, it would be 8.5 µl), placing it in a clean microcentrifuge tube labeled “dilution”.  
3. Determine the amount of elution buffer you will need to add to bring the final volume to 20µl (for our example this would be 11.5 µl).  Add this amount to the dilution tube.  Mix the buffer and DNA by pipetting it up and down gently and stirring with the tip.  Do not vortex; vortexing may shear the DNA.

Preparing your PCR tubes:

1.
Label three small PCR tubes with your assigned number, followed by one of the primer pair letters shown on p. 89. (e.g. “13A, 13B, and 13C”).  Label just below the shoulder of the cuff so it will not wear off). 

2.
To set up your PCR, add 1 µl of your 10 ng/µl DNA to each of your 3 tubes. (Be careful not to overpipet.) Cap your tubes.  Audrey Werner will add the other reagents and run the polymerase chain reactions (so she will have the fun of watching the machine change temperatures every minute or so for about 3 hours).

3.
Be sure to have your assigned number written down in your notebook and that your PCR and original DNA tubes are clearly labeled.  Please leave these tubes on the microfuge tube rack at your station.

CLEAN UP DIRECTIONS:

-  SAVE all labeled stock solutions tubes (buffers etc).  Leave them at your station.

-  Leave capped PCR tubes and your undiluted DNA at your station.

-  Leave the unused tadpole tissue on the slide in your ice buckets.

-  Rinse and save the plastic Petri dish.

There is no writeup for this week’s exercise.  We will have a discussion on week 4 of this lab module, and a problem set will be assigned thereafter.

LABORATORY 4-3

Observation of Tadpole Behavior and Fitness, 

Microsatellite Analysis (cont.)


(Note: There is no prelab for this week.)


We have now visited the habitat in which Rana sylvatica breeds and extracted DNA from individual tadpoles from two different ponds.  For the final lab in this sequence, we will look at the alleles of three different microsatellite loci, and use them to analyze the relationships of tadpoles from the same subpopulation (pond) and between the two subpopulations.  We will then use the data that the entire class has generated to calculate measures, such as FST and Nm.  This will allow us to make inferences about the structure of wood frog populations in the Northern Berkshires. At this point, it may be helpful to review the questions we are asking in this lab module (pp. 91-96 and the Powerpoint slide show used a couple of weeks ago).

Outline of this week's procedure.

In this week's lab session you will need to:  

1) run out the PCR products derived from your tadpole's DNA on a gel

2) use the gel to diagnose whether your PCR was successful

3) examine the fragment analysis of your PCR product (this will determine the product length precisely)

4) record the microsatellite allele lengths your tadpole carried at each of three loci.  

 
The first part of the lab is quite similar to the gel electrophoresis of proteins that you performed in Biology 101. The second part is novel, and needs to be performed with care to be sure that all measurements and allele assignments are as accurate as possible.

LOADING AND RUNNING YOUR PCR PRODUCTS ON A GEL


At the end of the PCR run, your reaction tube contains many copies of the DNA sequence that includes the microsatellite of interest (remember that it also contains the primer sequences flanking the microsatellite, and so is longer than the microsatellite itself).  A portion of each of these products was put through the automatic sequencer, and the rest will be given to you. In order to determine which alleles were carried by your tadpole for each of the three microsatellites, you will be given a fragment analysis readout from the automated sequencer owned by the department. To provide visual confirmation of your results, you will run the remainder of your PCR product out on a polyacrylamide gel. These two techniques are rather similar and will be discussed in the prelab lecture—The major difference is that the fragment analysis uses a computer rather than a ruler to estimate DNA fragment size, so it is relatively precise. 


A sample readout from the automated sequencer is shown in Appendix B. In the prelab lecture, we will go over how to interpret this reading. Of critical importance are the controls, where certain components of the PCR were left out while the reaction was run. These controls will have been done by our support staff, and will tell us whether a certain peak in the readout is from an amplified allele or from some other factor. Again, this will be discussed in the prelab lecture.


Today’s process of gel electrophoresis is very similar to the laboratory exercise you performed in Biology 101, when you used gel electrophoresis to separate proteins of different sizes based on the rate of migration through a polyacrylamide gel.  We will use the same technique and the same gel apparatus to visualize and analyze the microsatellites.  DNA, which has a net negative charge in the buffers we are using, is drawn through the gel matrix by an electric current. The rate at which a DNA molecule travels through the matrix depends on the length of the molecule; short DNA fragments move quickly through the gel, and long DNA fragments move slowly.  Although agarose gels are commonly used for many DNA and RNA procedures, polyacrylamide gels provide superior resolution, and this will be useful in allowing us to distinguish between microsatellite alleles that may differ only by a few base pairs.


In addition to the lanes with your tadpole microsatellite DNA (one lane for each locus, as defined by a primer pair), you will load a DNA “ladder”. The ladder is a solution containing several different oligonucleotides of known length (50 bp, 100 bp, 150 bp, etc.). This will give you a basis of comparison in order to estimate the size of your microsatellite alleles. A similar ladder is used as a standard for DNA size in the fragment analysis.

SAFETY NOTE!


You may remember from the SDS-PAGE lab in Biology 101 that acrylamide is a neurotoxin and is particularly dangerous in the unpolymerized powder form.  As in Biology 101, we will be using pre-cast gels, where the acrylamide is in a polymerized form and is not toxic.  However, you should always wear gloves while handling the gels to guard against the possibility that unpolymerized acrylamide is present.  To see the DNA within the gel, we will stain the gel with ethidium bromide.  Ethidium bromide binds to DNA; as you might guess from this statement, you do not want it close to your own DNA, as it is a powerful mutagen.  In other words, BE VERY CAREFUL AROUND ETHIDIUM BROMIDE!  Wear gloves, and don’t allow solutions that contain ethidium bromide to splash.  Be sure to dispose of all solutions that may contain ethidium bromide in the ethidium bromide waste container in the hood.

PROCEDURE

A.  Preparing your PCR products for loading.
1.  
Obtain your three PCR tubes from last week (remember every individual should have their own set). To each sample, add 12 µl of gel loading buffer with a regular pipette tip. The loading buffer contains two blue tracking dyes, bromphenol blue and xylene cyanol which run through the gel at known rates and can be used to judge when the gel has run far enough.  It also contains glycerol, which mixes with your PCR product and gives it enough density so that it sinks to the bottom of the well when you load the sample onto the gel.

2.  
At your station you will find a microcentrifuge tube labeled “Ladder”.  You do not need to add gel loading buffer to the ladder (the blue color indicates that the loading buffer has already been added).
                                                                                 

B.  Preparing the polyacrylamide gel.  

Three people will share a gel to load your ten samples. 

The procedure for preparing the gel is nearly identical to that used in Biology 101.

1.  While wearing gloves, cut open the foil pouch and remove the precast gel.  Pour the liquid from the pouch into the WASTE beaker at your station.  Rinse the gel with water.  You need to break off the bottom plastic strip so the gel will contact the buffer.  To do this, first lay the gel flat on the bench top with the short plate (the one occupied by the comb) facing up and the bottom strip extending off the edge of the bench.  Hold the gel flat on the bench with one hand and use the other to snap off the bottom plastic strip.  You may need to turn the gel over and repeat this step. Discard the plastic strip in the trash.

2.
Dry one of the plastic plates with a Kimwipe and outline the position of the wells with a marker.

3.  Gently remove the comb by sliding it with a slow steady motion straight up and out from between the two plastic plates.  Be careful not to distort or tear any of the wells when removing the comb from the gel.  Flush out each well with distilled H2O from a squeeze bottle to remove any residual acrylamide.  Gently shake the water out of the wells.  If necessary, straighten the walls of the wells using a narrow pipette tip.

4.
Attach the gel to the vertical buffer chamber using the spring clips.  The long plate and the long side of the clips should be facing you, and the short plate should be next to the buffer chamber.

5.
Once both teams have mounted their gels within the apparatus, fill the top buffer chamber with electrophoresis buffer (TBE).  The buffer should fill the sample wells and the level should be 2-4 mm above the top of the short plate.  Check to make sure that the vertical chamber is watertight (electrophoresis buffer should not flow into the bottom chamber).  Also make sure that there are no bubbles in the loading wells (if there are any, remove them with a loading tip).

6.
Fill the bottom buffer chamber with electrophoresis buffer.  The buffer level should be 1 cm above the bottom of the gel, to complete the electrical circuit.

C.  Loading your samples and electrophoresis.

Once your gel has been assembled within the apparatus, the next step is to load your DNA samples and ladder. 

Lane order: Three people per gel. One person will load lanes 1-3 with their DNA samples, a second will load lanes 4-6 with their samples, lane 7 will be loaded with the ladder, and lanes 8-10 will be loaded by the third person. Remember to write down which lanes are yours.
1.
Before you start loading the gels, make sure that the gel apparatus is oriented on the bench so that both gels are accessible and the power supply can be connected to the apparatus.  It is best not to move the apparatus while loading the gel.  

2.
Using the special long loading tips, pipette 10 µl of each PCR reaction sample/ ladder to the appropriate well (see above).  Before you load each sample, use the pipette tip to mix the loading buffer and the PCR product by drawing the sample into the tip and then squirting it gently back into the bottom of the tube two or three times.  By pressing the thin pipette tip against the long plate and then lowering it into the well, you can be sure that the sample will end up in the sample well.  When adding the sample to the well, SLOWLY eject the sample so that it all flows into the bottom of the well.  Do not introduce any air into the well, as it can push the sample out into the buffer chamber.  

3.
Once all three students finish loading their samples, place the safety lid with the cables on the electrophoresis apparatus.  Be sure that the red terminals and black terminals are aligned with corresponding terminals of the same color. Check to make sure that the power supply is off, and then attach the cables to the power supply, again making sure that the colors of the cables correspond to those on the terminals on the power supply.  

4.
Turn on the power supply and set it at 100 Volts.  To make sure that the circuit is complete and your DNA is moving down the gel, switch the power supply to milliamps (mA).  If the value is zero, check the electrophoresis buffer levels and ask for troubleshooting assistance from the TAs or lab instructor.

5.
Run the gel until the bottom tracking dye has migrated to almost the end of the gel.  This should take about 60 minutes. 

6. 
While the gel runs, get a demo for staining the gel with ethidium bromide, then examine your fragment analysis printout from the automated sequencer and compare your results to the controls to determine what signals are legitimate alleles. Once you have determined the size of the alleles in your tadpole for each of the three microsatellite loci, enter the data into the Excel spreadsheet provided on the computer.

7.
Shut off the power supply and remove the lid from the apparatus.  Wearing gloves, take the apparatus itself, without the lid, to the sink and pour out the electrophoresis buffer.

8.
Wearing gloves, unclip your gel from the buffer chamber and set it aside.  Rinse the electrophoresis apparatus thoroughly with tap water, and place it on paper towels to dry.  

9.
Snap open the gel cassette by using the tool provided to impart a twisting motion.  Start at the bottom at one end and split apart one entire side breaking the plastic nibs that hold the plates together; then repeat the process on the other side (DO NOT start in the middle of one side!).  Once the two sides have been separated, pull the plates apart slowly and gently.  The gel may try to stick to both plates; coax it gently onto one plate so that it lies flat.

10.
Still wearing gloves, turn the plastic plate that holds the gel over and gently ease the gel off the plate into the weigh boat (staining dish) at your station.  Label the top rim of the weigh boat with your group’s initials.

11.
Wearing gloves and goggles, carry the container with your gel to the hood.  Carefully pour the ethidium bromide staining solution into the container until the gel is just covered (or floats).  Let it sit in the hood for 5 minutes.

12. Wearing gloves and goggles, carefully (with no splashing) pour the ethidium bromide staining solution into the ethidium bromide waste container in the hood.   Be sure the gel stays in the dish.   

13.
Pour enough distilled H2O into the container to cover the gel and swirl gently for a few seconds.  Pour this wash water into the ethidium bromide DESTAIN waste container.  Repeat the wash, leaving the water in the container for 1 minute before discarding the wash water in the ethidium bromide DESTAIN waste container.

14.
Still wearing gloves, carry the container with the gel to the illumination box.  A lab instructor will help you look at your gel and take pictures. Label the lanes, compare your photo to the fragment analysis printout, and then tape the photo into your notebook.

15.
Once your gel is well documented, discard it in the waste container.

CLEAN UP DIRECTIONS:
-  SAVE tubes with ladder and gel loading buffer.

-  Used pipet tips in plastic disposable bucket.

-  gel foil packet, gel, comb and plastic plates in trashcan.


-  REMEMBER TO PUT YOUR ALLELE SIZES INTO THE EXCEL



 SPREADSHEET

LAB DISCUSSION AND FINAL “REPORT”


You will be sent the complete data set in the form of an Excel spreadsheet.  Next week, we will meet as a class and discuss our findings, much as we did after completing the sea urchin lithium chloride experiment. At that point, you will be given a problem set that will test your understanding of the discussion material. The tentative due date for the assignment will be Tuesday, 5/19 at 5PM. However, this may change depending on how the weather affects lab scheduling during the latter half of the semester.
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