TA and Instructor Sheet, Fall 2006

Week 7 Lab: SNP Detection and Gall Fly Paper Discussion

Please announce that there will be no lab Week 8; students should sign up for a time to meet with their TA about their Introduction & Discussion sections. For full credit, they need to have a full draft of each. They should bring specific questions to ask their TAs, and be aware the TAs won’t have time to read through everything carefully and evaluate their work. Let them know the TAs will not be able to re-schedule meetings, so they should make sure they sign up for a time they can make.

This week in lab we’ll be doing these main activities:

· restriction enzyme digest of PCR products

Students will take a subset of their DNA and digest this with Hpa II. Each lab group will also cut a sample of the DNA (mine) the TAs PCRed last week. They may get close to using all the DNA in their PCR tube; having them spin their tubes down before opening might help. As long as they have a little of their uncut DNA left to run on the gel, they should be okay.

· gel electrophoresis of PCR products, cut and uncut

Students will run a gel; each lab group will share a gel, with 8 lanes. One lane will contain a 100 bp marker. One lane will contain a sample of the TA-PCRed DNA, cut with Hpa II. The remaining six lanes will consist of cut and uncut DNA from each student in the lab group. The loading dye they’re using this week will only contain the larger dye, so we don’t have interference with the smaller dye band and the DNA bands we’re interested in. ***At the end of lab, have students write their genotype (needs to be TWO letters, AG, AA, or GG) on a scrap of paper and put it anonymously into an envelope. Someone (Annie?) will need to compile the data for the lab sections so we can report back to the students (via email?).

· Discussion of the paper by Waring et al. This discussion can get started once the restriction enzyme digest is under way. See attached paper and discussion questions with key.

TA Duties:

Before lab, make up a sign-up sheet for meeting times with students. Schedule as many as possible during your normal lab time, and the rest when it is most convenient for you, preferably before the weekend if possible (or on Saturday if necessary, rather than Sunday). I would schedule 15 minute meetings with 5 minutes between them; it may be closer to 20 minutes for each meeting, depending on questions the students have. Make sure students know where they are meeting you; I recommend emailing them the day before their meeting to remind them of the time and place.

During lab, you will need to dole out the Hpa II into each tube as the students get them ready. You might keep your own ice bucket handy for this.

During lab, you will need to pipette the GelStar as you did for previous labs. Be sure the GelStar is thawed and ready when the students are.

After lab, check stocks of tips, gloves, and microfuge tubes. Make sure students have thrown away all their used microfuge tubes (except the loading dye). 

Understanding the paper by Waring et al. (1990): Questions for Discussion KEY
1. What does “genetic differentiation” mean? Genetic differentiation refers to the process of something becoming different or distinct. In this case, it is pointing out that populations of gall flies living in S. altissima have become different (or are in the process of becoming different) from populations of gall flies living in S. gigantea. (This is also in the Waring glossary they have.)

2. Does this Introduction follow the common format of beginning with a broad background and narrowing to the specific focus of the study?   Yes

3. What did Waring et al. set out to study?  How does this compare to the goals for our lab last week?

They wanted to “determine whether genetic differentiation exists among host-associated populations of E. solidaginis.” Push students to state this in their own words, like: they wanted to know if gall flies on one species of goldenrod are genetically different from gall flies on the other species of goldenrod. This is pretty much the same as our goals for this lab, though we had a much smaller scope of investigation.
4. What is meant by a “host shift?” What is a “host race?”

A host shift refers to movement of a parasitic species from one host to a new species of host (in our case, from one species of goldenrod to the other). A host race is a group of organisms (e.g. gall flies) which is found on one type of host (e.g. S. altissima); the term does not go so far as to imply two separate species of gall flies (one on each species of goldenrod), but acknowledges that there might be some difference between flies on the two species though they may still be capable of interbreeding.

5. In the Introduction of the paper, what evidence is given (from previous studies) that flies from the two species of goldenrod might be different?

See the right column on p. 1648. The flies are found on both species of goldenrod only in some regions of the country, which suggests they aren’t identical (otherwise they would infect both species everywhere). Flies taken from one species of goldenrod did not often oviposit in the other species of goldenrod.
6. What are the abbreviations for the two study sites in Minnesota? Indicate which site had both species of goldenrod present. CC, both spp. present (Cedar Creek Natural Area) & AH (Arden Hills)

7. How many different enzymes did Waring et al. test for variation? __21___

8. What abbreviation is used for phosphoglucomutase?_PGM___

9. What do the different numbers under the “Allele” column of Table 1 represent? Each number represents a different allele, and the relative distance it ran on the gel. The designation “1.00” goes to the most common allele in the LW populations, and all others are measured with respect to that distance.
10. Which PGM allele probably corresponds to our “S” allele? “M” allele? “F” allele? (see Table 1) Justify your answer using the measurements you made on your PGM gel in lab last week. 1.00=M, 1.20=F, 0.78=S       They can divide their F distance by the M distance to get something close to 1.2, and divide the  S distance by the M distance to get something close to 0.78. The M distance just gets set to 1.00 by definition, because it is the most common allele.
11. How many Solidago altissima gall flies were tested from Minnesota? (see Table 1) 33
12. Why are only six enzymes (not all 21) listed in Table 1? only 6 were polymorphic (showed allele variation)
13. In Table 1, what do the numbers under “Population,” ranging from  0.02 to 1.00, represent? What does a dash in this part of the table indicate? Those numbers represent the proportion of the total number of alleles found with the particular allele indicated by row. Dashes represent an absence of that allele in the sample. For example, for S. altissima larvae from the LW site, all 100 % of the GAP alleles found were of the “1.00” version of the GAP protein. For the same larvae, looking at the TPI protein, 80% of the alleles found were the “1.00” version of that protein, and the other 20% were the “1.70” version. 
14. How many different PGM alleles were present in the gall flies collected from Minnesota? (see Table 1) Was there a difference in the number of alleles between the two collection sites? 3; Yes. All were present in S. altissima larvae at CC, but only M&F in S. gigantea larvae at AH, and only M&S in S. gig. larvae at CC.
15. How could you represent our data in this same format, if you were going to add a column for our site to Waring et al.’s table?  
Allele

S. altissima


Allele

S. gigantea
PGM N

248



PGM N

144

   


   M

   0.74



   M

   0.76

   F

   0.19



   F

   0.11

   S

   0.07



   S

   0.07
16. Waring et al. state that the gall flies found on S. altissima “exhibit clear allele frequency differences” from the gall flies found on S. gigantea. Which enzymes show these differences the most strongly?   HBD* & PGM
17. Overall (not just in Minnesota), what is the frequency of PGM alleles from gall flies on S. altissima compared with gall flies on S. gigantea? (See Table 1 and Table 3) Think about how these compare to our data (hint: look at your value for the M allele in number 15).

In S. altissima larvae, the overall proportion of M alleles is much lower: 77.8% of the PGM alleles in S. altissima larvae are M alleles, compared with 98.1% of the S. gigantea larvae’s PGM alleles being M alleles. In our population, 74% of the alleles in S. altissima larvae are M alleles, and 76% of the alleles in S. gigantea larvae are M alleles. Our population of S. altissima has only a slightly a lower % M allele than S. gigantea. Our S. gigantea look more similar to their S. altissima than to their S. gigantea.
18. 
a. What do the lengths of the branches in the tree in Figure 2 represent? The lengths of the branches represent the amount of evolutionary difference. This tree is based on data from the six enzymes.
b. What is the general pattern shown in Figure 2? Overall, the figure shows that all S. altissima larvae group together on a distinct branch from almost all S. gigantea larvae
19. What is gene flow? Gene flow just means that organisms are mating with one another (and genes between all individuals are being “mixed”). If there is a barrier to gene flow, it means that for some reason reproduction is not occurring between certain groups of organisms.
20. What results from this study provide evidence supporting the idea that there is limited gene flow between the gall flies on S. altissima and the gall flies on S. gigantea?  Differences in allele frequency between larvae from S. gigantea and larvae from S. altissima: these differences between the gall flies would not exist if the flies were mating with one another. See #15 for specific enzyme results.
21. What is the evidence collected in this study that suggests a host shift occurred from S. altissima to S. gigantea? What other evidence supports this? The heterogeneity of S. altissima flies (how polymorphic they are, or how many of the less-common alleles they have) supports the idea that the shift was made from S. altissima to S. gigantea. Other evidence includes the observation that in areas where gall flies are only found on one type of goldenrod, they are found on S. altissima but not S. gigantea.
22. What does variability in the gall fly proteins have to do with the direction of the host shift? When the initial shift was made, from one to the other, chances are that some genetic diversity was lost as only a few organisms made the shift. (This is a tricky concept; I have a bottleneck allele demo I have done with my students which seems to help; if you think it is beyond the scope of where you want to go, have them skip this question.)
23. In the text on page 1653 (bottom of the first column), they state that the “results suggest that the initial shift onto S. gigantea took place in a single geographic area...” What is it about the results that suggest this? (Hint: imagine what the tree in Figure 2 would have looked like if the shift from S. altissima to S. gigantea had happened multiple times, in multiple areas.)

If this shift had taken place in multiple geographic locations or at multiple times, you would not expect to see the flies from the two species of goldenrod associating so closely with one another, on two distinct branches. If the shift had occurred in multiple regions, you would expect to see a tree with branches grouped by geographic region, with the larvae from S. altissima from a particular region most closely associated with the larvae from S. gigantea from that region.
24. Now that you’ve made it through the nitty-gritty of much of the paper, step back a little. What is the main point of the paper? Asked another way, what idea is the authors trying to convey and what evidence are they using to back it up? Challenge yourself to summarize this in one or two concise sentences below or on a clean sheet of paper; try to write this in a way that will be helpful to you when you look at it a week from now.

They really need to do this on their own to get full benefit from it. You could have them look back at their answers to #3 and #20-23 to get a start at it. 
*The table has an error in it: there is a dash missing in the Solidago gigantea column at the MT site, for the HBD protein 1.00 allele. All the remaining numbers should be shifted to the right one position, so there is no blank in the CC column and the allele frequencies for HBD add up to 1.

Host Shift Exercise Using PGM Alleles, Fall 2006

1. Have students calculate the proportion of M, S, & F alleles for our S. altissima gall flies (they need to do this for #15 anyway): (Or, have them use one of the PGM results in Waring et al.’s Table 1 if you’d like more dramatic results)


M: 0.74, or 74%


F: 0.19, or 19%


S: 0.07, or 7%

2. For the number of students in the lab section, have them calculate how many of each allele would be present if students were gall flies in this population.

For 24 students in the lab, need 48 alleles: .74x48=36 M alleles, .19x48=9 F alleles, .07x48=3 S alleles

For 23 students: 34 M, 9 F, 3 S

For 22 students: 33 M, 8 F, 3 S

For 16 students: 24 M, 6 F, 2 S

3. Pass this number of M, S, & F cards around, have each student take 2 at random.

4. Have the MM students raise their hands, then MS, then MF, SF.

5. Pick 2 or 4 students at random (maybe 1 per bench?) to start a new population on S. gigantea goldenrods. Ask which alleles would be present in the new population—it is likely to be all “M” alleles, and if not, may have only one or the other of the two less frequent alleles.

