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I. Overview of the process

How we use microsatellite markers to get outcrossing rates:



Microsatellite markers are short repeats of 1 to 6 base pair sequences in all genomes. They have a higher rate of mutation than other non-coding sequences due to slippage during DNA replication; therefore they tend to be polymorphic, primarily with differences in the number of repeats.  The high level of polymorphism makes them very useful in population genetics studies.  The fact that the variation is in repeat number allows us to genotype individuals by allele length instead of allele sequence.  For example, different alleles of a tri-nucleotide repeat microsatellite may be 100,103,106,109 bp long.  The small differences in length of the alleles can be detected using high-resolution gel electrophoresis, which is much simpler and cheaper than the alternative sequencing.  


The system that we use to determine length of our PCR products is the Applied Biosystems 3730 capillary electrophoresis (AB calls the process fragment analysis).  This is a highly sensitive electrophoresis system that is also connected to a fluorometer, which measures fluorescence along the capillary bed, so that if the PCR product is fluorescently tagged, it can be detected.  When the PCR product is run with a standard, which contains DNA fragments of known size (similar to a molecular ladder), the exact length of the PCR product can be determined.  We purchase special fluorescently-tagged primers synthesized by Applied Biosystems and their size standard (they really have a monopoly on this process!) which fluorescently labels our PCR product so that it can be used with this system. The advantage to this system compared to other high-resolution gel electrophoresis systems is that you can purchase primers tagged with different fluorescent labels (Applied Biosystems named their labels as PET, NED, VIC, and 6FAM), so that you can run several different products in one lane of the capillary electrophoresis bed, and the fluorometer can detect the different fluorescent signals of several products being run together. So we can send 4 differently labeled PCR products in each well of a 96-well plate enabling us to get 96 * 4 = 384 genotypes per one 96-well plate. The process of simultaneously running different markers with different fluorescent labels in a single capillary lane is called multiplex fragment analysis.  This is different from multiplex PCR, where all 4 markers are run in the same PCR.  We don’t typically multiplex PCR because 1) many of our markers require different annealing temps and 2) the primers compete differently for polymerase and nucleotides so you often end up with almost all of the product of one marker and little or no product of other markers.


The results of the 3730 capillary electrophoresis are in the form of fsa files, which are electropherograms of the fluorescence signal relative to the standard used and can be read and analyzed using a program called Genemapper.  Using this program, you can score genotypes (also called allele calling) for each marker locus for each individual.


In order to calculate outcrossing rates, we genotype 5-10 individuals from many families for up to 4 markers.  From the 5-10 individuals in a family, we can use the program MLTR to determine what the most likely genotype of the mother plant was, and if each of her offspring was the result of self-pollination or outcross pollination. When we do this for a family using several independent marker loci and then for several families within a population, we can get very accurate measures of outcrossing (also calculated by MLTR).

*A note about fluorescently-tagged markers nomenclature.  These are called either fluorescently-tagged or fluorescently-labeled markers in publications.  I have called them both so if you read something in any data or protocol files that says “labeled primers” or “labeled markers,” this means the same thing as a fluorescently-tagged primer/marker.  

II. Planning the plate

Planning information:  We typically genotype one 96-well plate for each species – population.   Including one negative control on each plate allows for 95 individuals per plate.  If you are trying out species-primer combinations that have not been sent on a plate before, or if PCRs have not been working, it might be better to do 2 PCR batches, each with a half-plate.  In this case you will need 2 negative controls, so you can run 94 individuals on a plate. 

A. Planning which markers to use

Use “labeled primer info.xls,” which is normally on the bulletin board in the molecular lab, to plan which markers you will use for your species.  You can use up to 4 markers, as long as each marker is tagged with a different color/fluorescent label.  You cannot use 2 markers with the same fluorescent tag on the same individual.  

*A note about choosing markers:  If the species has been sent on a plate before, you can use those results to select more polymorphic markers. However, there does not seem to be any trend in polymorphism for markers across species.  For example, SpA125 was highly polymorphic in C. corymbosa, somewhat polymorphic in C. greenei, and monomorphic in C. grandiflora.  

B. Planning which individuals to use

1. Use the database “Tribe Collinseae Materials Collection Database 2004-2008.xls” to figure out how many useable families (with 
[image: image1.wmf] 5 individuals per family) you have. 

2. Choose as many families as you can fit on a plate with between 5 and 10 individuals per family.  The ideal plate would have 11 families with 8 individuals per family and 1 family with 7 individuals for a total of 95 individuals. It is a good idea to plan to extract 96 or 97 individuals however and if there is a problem with one or two individuals, you can throw them out and still have a full plate.
3.  Find the samples you will use in the -80 freezer and set them aside within the -80 while keeping them frozen the entire time.  Occasionally, you might not be able to find all individuals from a family and you may then have to choose a different family.
C. Creating and saving the plate file.  

1. Open:  plates sent for ox rate genotyping/genotyping plate _template_template.xls
2. Save as genotyping plate ##_species_pop. Use the next consecutive plate #.  (For example if the last plate was # 37 then your number will be 38).  

3. At the top of the excel file, fill in plate # and species and population and the markers you will use including fluorescent tags.  You will fill in the pooled in ratios later.  

4. Fill in the individuals next to each well.  In order to make uploading the individual names easier later, use no spaces and use underscores between species, pop, family, and indiv.  (i.e. Het_SCB_1_B).   If you plan to do PCRs in ½ plate batches, then make sure to leave space for a negative control in the first and second ½ of the plate.  However you cannot have the same name for any 2 wells when you submit the plate, so name them negative_control_1 and negative_control_2.

5. Save the file again and make sure you are saving in the folder “plates sent for ox rate genotyping”

6. Print a copy to paste into the notebook.

III. DNA extraction

- This protocol is saved as Kalisz Lab CTAB DNA extraction protocol.doc

CTAB DNA Extraction Protocol

This protocol was used in the Kalisz Lab for the Outcrossing Rates/Microsat project from 2006 on.  Adapted for the Kalisz lab from Soltis lab protocol and Doyle & Doyle, 1987.

Before Beginning:

· Turn on the waterbath.  Double check that it is set to 55(C and there are a few inches of water in it.

· Check that you have enough of all solutions:  CTAB buffer, Isoporpanol, 70%ethanol, 95% ethanol, TE buffer.  If you don’t have enough of any see recipe below. 

· Move isopropanol and ethanol to freezer.  Ammonium acetate is already cold in the refrigerator.   

1. Prepare CTAB Buffer (recipe attached).  Prior to starting extraction, add           polyvinylpyrrolidone and (-mercaptoethanol.  Once these have been added the shelf life of the buffer is only 2-3 days.

	CTAB Buffer
	PVP
	(-mercaptoethanol

	0.5 ml
	0.02 g
	2.5 uL

	5 ml
	0.2 g
	25 uL

	20 ml
	0.8 g
	100 uL


Double check your math if you are doubling, tripling, etc. the recipe!  Put the solution in the water bath for 10-20 minutes to dissolve the PVP.   Don’t shake the solution – the detergent will bubble up too much.
2. Collect the tissue that you need from the -80 freezer and keep them on dry ice.  It’s very important that the tissue doesn’t thaw!  Label eppendorf tubes with a Lab Marker to transfer the tissue into (Sharpie markers will bleed if alcohol is spilled on them) 

3. Using forceps, transfer 50-60 mg of frozen tissue in an eppendorf tube.  It’s ok to guess on the mass because keeping the tissue frozen is more important than having exactly 55 mg.  If it thaws a bit, quickly submerge the tube in liquid nitrogen to re-freeze.  Dip forceps in bleach water, then water and dry between every sample.  Record whether or not you use all of the tissue.

4. Grind tissue in liquid nitrogen with blue pestles, keeping tissue frozen the entire time. (Get the liquid nitrogen in the 3rd floor Langley autoclave room).  Use a new pestle for every sample.  Soak pestles in bleach water for at least ½ hour before rinsing and autoclaving.  

5. Add 500 uL of CTAB buffer and mix the tubes.  Make sure the leaf tissue is in solution and not in a clump at the bottom of the tube.  Incubate at 55°C for at least one hour, mixing once after 30 minutes.  They can stay in the water bath for a few hours if necessary.  

6. While samples are in the waterbath, label the top and sides of a regular 1.5mL tubes with a VWR marker.  Use capital letters for the individual.  Add the date to the side of the tube and wrap the tube in tape.  The tape prevents the marker from rubbing off after frozen.

7. Optional step:  After incubating for 1 hour add 1.5 uL RNase A.  Incubate at 37°C for 15 minutes.  We are not including this step for microsatellite extractions.  This step should be included if you want clean, RNA free extractions (e.g. for cloning).

The following steps are best done in batches of 10-20, depending on how quickly you can work.  

8. Remove samples from waterbath and IN FUME HOOD, add 500 uL of chloroform and mix by gently shaking tubes.  Change gloves immediately if you spill chloroform on them.   Be careful not to drip chloroform onto the tubes, it has a low viscosity and drips out of the tip – it will make the label bleed off of the tube.

9. Centrifuge for 7 minutes at 16 rcf.

10. Transfer the aqueous phase (top layer) into the new labeled tube.  Be careful to avoid transferring any chloroform.  You can tell if you get chloroform because it will be bright green.  Chloroform waste should be disposed of in a glass bottle with a chemical waste label.  

11. Estimate the volume of the aqueous phase.

12. Add 0.08 volumes cold 7.5 M ammonium acetate.

13. Add 0.54 volumes of cold isopropanol. Mix by inverting tubes 20-30 times.
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14. Incubate on ice for 30-40 minutes.

15. Centrifuge for 3 minutes at 16 rcf.

16. Discard supernatant into isopropanol chemical waste jar.  Be careful not to dislodge pellet.

17. Add 700 uL 70% EtOH, invert tubes 5-10 times.

18. Centrifuge for 1 minute at 16 rcf.

19. Discard supernatant; be careful not to dislodge pellet.

20. Add 700 uL 95% EtOH, invert tubes 5-10 times.

21. Centrifuge for 1 minute at 16 rcf.

22. Discard supernatant; be careful not to dislodge pellet.

23. Invert tubes on a clean kimwipe and allow to dry for 10-15 minutes upside down, or until pellet looks dry.  If the pellet dried too long upside down, it will fall out.  Continue to dry upright but covered by a kimwipe for 30-45 minutes.

24. Enter extractions into the database in the Kalisz Shared folder– the file is called “microsatellite extractions 2006-2008.xls”

25. Hydrate pellets with 50 uL TE.  Allow to resuspend overnight at room temperature.  Store the DNA in the refrigerator the next day.  **If you won’t be in the next day, make sure you ask someone else to do it!

Please remember to bleach and rinse the pestles, then dry them and put them in a box to be autoclaved in the autoclave bin.  Also autoclave more tubes if we are running low. Also clean any glassware you have used.  To clean glassware, rinse 3 times with water and 3 times with 2xdi water in the carboy next to the sink.  

Recipes:  Filter Sterilize all solutions!  See end of recipes.

Ethanol:  We use molecular grade ethanol for extractions, not the ethanol in the big jug under the sink in the extraction room.  We get it from the stockroom.  See list of molecular supplies.  

CTAB Buffer


100 ml 1 M Tris HCl pH 8.0


280 ml 5 M NaCl


40 ml  of 0.5 M EDTA

20 g of CTAB (cetyltrimethyl ammonium bromide)

Bring total volume to 1 L with ddH​2O.

TE Buffer


10 ml 1 M Tris HCl pH 8.0


2 ml 0.5 M EDTA


Bring total volume to 1 L with ddH​2O.

1 M Tris HCl pH 8.0


121.1 g  Tris


Dissolve in about 700 ml of H2O.


Bring pH down to 8.0 by adding concentrated HCl (you’ll need about 50 ml). 

Bring total volume to 1 L with ddH​2O.

0.5 M EDTA


186.12 g EDTA


Add about 700 ml H2O


16-18 g of NaOH pellets

Adjust pH to 8.0 by with a few more pellets, EDTA won’t dissolve until the pH is near 8.0

Bring total volume to 1 L with ddH​2O.

5 M NaCl


292.2 g of NaCl


700 ml H2O


Dissolve (don’t add NaCl all at once, it will never go into solution) and bring to 1 L.

7.5 M Ammonium acetate


57.81 g ammonium acetate


~50 ml of H2O


Bring to 100 ml total volume

Filter sterilize all stock solutions. To do this use a nalgene filter (stockroom catalog # PL-365 – $39.00 per case) with the faucet vacuum attachment located in the drawer below the waterbath across from the sink.

IV. PCR amplification – this protocol is saved as Kalisz Lab Collinsia microsatellite PCR protocol.doc.  

1) Decide whether to set up whole plate or ½ plate reactions.  Whole plate reactions are the most time efficient but if PCRs are not working well lately, then it’s best to only set up ½ plate reactions.

2) Make sure you have all reagents.  Ordering information for reagents is in miscellaneous info/microsatellite supplies 1-11-06.xls or  Appendix A.  Product Ordering  For instructions on ordering primers, see Appendix B.  Ordering Primers.

3) Open PCR recipes/microsat labeled recipe.xls.  For each marker, fill in the following info then print the recipe.

1. Plate name (#, species, pop)

2. Marker (include fluorescent label)

3. Volume per rxn (should be 10)

4. # of rxns (always add 1 for each 10 rxns so you do not run out of cocktail.  If you are doing a full plate you are doing 96 rxns so add 9 or 10 rxns.)

5. final [MgCl2] – this is primer specific.  Look on “labeled primer info.xls.”  Keep in mind that the calculation in this spreadsheet is based on using 50mM MgCl2.   This is the concentration of MgCl2 that comes with invitrogen taq. If you change brands of taq, check the concentration of the MgCl2 that comes with it – if it is different than 50mM, you will have to change the calculations on this spreadsheet. 

6. ul of water in individual tubes.  You should add water to individual tubes with your DNA if you are doing a whole plate because when you add only 1ul of DNA, it can evaporate quickly.  I recommend adding 5ul of water to each tube before pipetting out the DNA if doing an entire plate, or if you think you might work slowly.  If you are doing a ½ plate, can work fairly quickly, and are keeping the plate/tubes on ice the whole time, you don’t need to add any water to inidividual tubes and can put a 0 here. 

7. Annealing temp – also primer specific.  Look on “labeled primer info.xls

3)
Turn the PCR Machine.  Find the program you will use and check the program settings.   

The 2 newer thermal cyclers are fairly self-explanatory.   PCR parameters should be:

1.    94(C – 5 min (denaturation)

2.   Repeat 25 X:

i. 94(C – 30 s (denaturation)

ii. Annealing temp – 30 s (annealing)

iii. 72(C – 60 s (extension)

2. 72(C – 7 min (final extension)

3. 4(C – forever

For the old PE 9600: The only program you have to change is # 7 , the annealing step.  From main menu, press OPTION button to move to edit.  Enter program #7.   Press enter to scroll through until Setpoint 2.  Enter annealing temperature.  Keep pressing enter until the end then use the option button to move to STORE and store as program #7.  Enter YES to link methods, then enter NO for store protect program, then enter YES to overwrite the file.  Go back to home by pressing the OPTION button.  You will run program 10, which links programs 6-9, NOT program 7.  

4) Take out PCR buffer, MgCl2, and forward fluorescent primer* and reverse primer leave on counter to thaw. Take out DNTPs and put on ice.  Check chemicals on counter frequently and put on ice when they have thawed.  Make sure you will have enough of all reagents, including Taq.  

    * Only one of the primers has to be tagged, and we always tag the forward primer just for the sake of consistency.   Keep fluorescent primer covered in foil.  The fluorescent labels degrade in light.  Also make sure you are using 10uM primers, not the 100uM stock solutions.

5) While chemicals are thawing, number PCR tubes and/or label the plate with the primer being used.  Remember to label every strip and any loose tubes!  Don’t leave tubes or a plate uncovered to collect dust.  

6) Take out the DNA and check to make sure it is in the order that is listed on the recipe / plate.  Pipette water into individual tubes if applicable (see above).  For each sample, gently tap DNA to mix then centrifuge DNA down then pipette 1uL into correct PCR tube.   Keep the PCR tubes / plate on ice and covered as much as possible.  1 ul evaporates fast!   When finished, put DNA back in fridge. 

7) If all chemicals are now thawed, start pipetting out the batch mix in the order listed into a 1.5mL microfuge tube.  (Label the tubes if using more than 1 primer.)  Be sure to tap and spin down each tube except for the Taq.  As soon as the DNTPs are added, it is important to move quickly and keep the batch mix on ice.  Don’t take Taq out of the freezer until you are ready to use it and put it back as soon as you are done.  And Remember don’t shake the Taq!

8) Tap the batch mix gently.  Bubbles indicate that the taq is working.  Keeping the batch mix on ice, pipette out the mix (9uL) into each PCR tube. Pipette up and down slowly and gently to mix the DNA and batch mix.  Keep the tubes closed or covered and on ice as much as possible while pipetting out the batch mix.    

9) Set PCR plate into PCR machine then set the tubes into the Plate.  Then put the PCR plate lid on the tubes and close the PCR machine lid.  Start the PCR program and make sure it actually starts before you walk away.  2 of the thermal cyclers will ask reaction volume (10ul) and one will ask if you’re using tubes or a plate before the program starts.  

10) Put all chemicals away immediately.

To make up primer (10 uM):

Add 10uL of Primer stock (100uM) to 90uL of ddH2O.  

To make a 10uM mix of unlabeled forward and reverse primer, add 10ul of each primer and 80 uL of the 100uM stock.  

*A note about leaving the thermal cyclers at 4(C.  Aside from the fact that it is wasteful of electricity, I think it is ok to leave them running overnight.  A small amount of condensation does occur on the blocks, but as long as all seals are tight, water shouldn’t get into the electrical parts of the thermal cycler.   However, during the summer when it is hot and humid, the condensation is excessive and leaving especially the old PE 9600 (which may have cracked so leaky seals) overnight might be damaging to the machine. 

V. Checking for amplification on a gel.  

Preparing a 3% Agarose Gel:

Note that all of our gel pouring equipment including flasks, gel rigs, and TBE buffer bottle may be contaminated with Ethidium.  Wear gloves and Be careful!

1)  Choose a subset of 8-10 samples from the plate to check on a gel.

2) Put on gloves!

3) Weigh out the appropriate amount of agarose – 1.5g for 50 mL gel and 3.0 g for 100 mL gel for a 3% agarose gel.  Pour agarose into a 250mL Erlenmeyer Flask.   

4) Add 50 or 100mL of TBE (1X) Buffer and Mix and swirl.  

5) Set microwave for 3-4 min on power level 4 and watch for it to boil.  Keep boiling until the solution comes to a rolling boil.   Use a big enough flask/beaker or it will boil over. 

6) Allow the agarose to cool for a minute or two before adding the ethidium.  Stir periodically during this time so a film does not set at the top.   Set up the appropriate rig and combs.  

7) Very Carefully pipette Ethidium into the agarose – 2uL for 100mL gel and 1uL for 50mL gel.  MAKE SURE YOU’RE WEARING GLOVES!  

8) Swirl then pour into gel rig.  

9) Once gel has hardened, put into the gel running rig and cover with just enough buffer to cover the gel. 

10) Remove the comb(s).  

11) Clean up all mess – don’t leave agarose powder on the scale or counter.  

Running a Gel:  

1) Write the load order down.  Low Mass Ladder (LML) should be run with each row in the gel.  

2) Pipette out 1 ul of loading buffer for each PCR sample plus one for the ladder onto a piece of parafilm.  

3) Add 4 uL of PCR product to the 1 ul of loading buffer, and 2 ul of LML to the ladder lane.  

4) Pipette the PCR product and buffer droplets into the wells of the gel.    

5) Remember to run to red and turn on the power source.  Run at 120V for 100mL gel and 100V for 50mL gel.  

6) Check on the gel periodically to make sure you have a current.  (If not, try wiggling the rig a little).  Check after 15 minutes or so – a 50mL get will be ready in 20-30 minutes and a 100mL get will be ready in 30-40 minutes.  

7) When done, carry gel up to Hatfull lab and take a photo of the gel and paste the photo into the lab notebook. You may need to use the camera focus and the “Quantity One” program controls to get the best picture. Hit Live focus on computer if it is frozen on last picture.  You may have to zoom in or out by rotating the lever below the video camera.  Once gel is in focus and magnified, close door and turn on UV light (Transmission button).  Click on Video Print to take the picture.  

8) Tape picture into notebook beside the loading order and label the lanes on the picture.  Do this right after you take the picture!   

9) Throw the gel into the Ethidium Waste disposal box. 

VI. Preparing the plate
You will ship one plate with each well containing:

· 1 ul of pooled product (each well should have 2 or more markers amplified in the same individual)

· 0.4 ul LIZ size standard (Applied Biosystems 4311320)
· 8.6 ul of hi-di formamide (Applied Biosystems 4322682)
A.  Multiplexing (Pooling) the PCR product – first you will have to pool the PCR product from different markers. 

1.   Decide what marker ratios to use.  Do this by visually comparing the gel pictures from the different markers.  If one marker amplified more than another marker, pool in a 1:2 or 1:3 ratio so that you are adding very roughly equivalent amounts of PCR product.  If all markers look like they have roughly the same amount of product, pool in a 1:1 ratio.  This is not an exact science. You are just trying to avoid “bleed-through”, which is where one marker has so much of a stronger signal than another, that the machine that reads the fluorescence actually will pick up the fluorescence of the strongest signal and read it as the weak signal.  Be careful with this terminology – bleed-through can also mean when one lane on the gel bleeds into another, which is less common with the amount of product we typically send.  Also keep in mind that you should always compare to the ladder when judging the amount of product from a gel picture.  An overexposed gel or a gel with a lot of ethidium can make the PCR product very bright, but the ladder will also be very bright.  

2.  Based on the ratios you have decided on, plan how many ul of each marker product to pool.  If your ratios are 1:1:1:1, it is a good idea to pool 2 ul of each product because pipetting errors are more likely when pipetting only 1ul, especially with the multichannel pipettor.  If your ratios are 3:1:1:1, it is better though to just pool 3ul:1ul:1ul:1ul because you may not have enough PCR product from the first marker to pool 6:2:2:2.

3.   Label a new plate with the name of the plate and “multiplexed”.

4.   Pipette the amount you decided on for each marker into the plate.  Make sure you check that the orientation of your plate/ tubes is correct so that the PCR product for the same individual is going into the final pooled product.

B. Making up the plate to be shipped

1. Get a clean plate – this is the one that will be shipped to Cornell and must fit into their AB 3730xl machine.  The plate must be semi-skirted with a notch in the top right corner.  

2. Label the plate with Kalisz_plate_##.  Don’t include the species and pop.  The Kalisz needs to be there so that the Cornell facility will know that it goes with our lab.

3. Add 7 ul of hi-di formamide to each well

4. Make up diluted LIZ standard in an eppendorf tube

i. Add 42.4 ul of Liz

ii. Add 169.6 ul of hi-di formamide

iii. Mix well and centrifuge

iv. Move this tube to ice

v. pipette 2 ul into each well of the plate

5. Add 1 ul of pooled PCR product to each well.  Make sure once again that the plates are aligned in the same way so that well A1 is being pipetted into well A1 of the new plate. 

6. Cover the plate with an adhesive plate cover and put it in the freezer until you are ready to ship the plate. 

VII. Submitting the plate

A. Create a text file with sample names

1. Open the plate file that you created earlier.  It should be named genotyping plate ##_species_pop.xls

2. Verify that the well identities are correct

3. Add the pooling ratios of the primers and the shipped date to the file

4. Print this to put into the binder.

5. Open the worksheet “for uploading” and copy the well names only into a single column on the sheet.  It should look like this:

Het_SCB_1_B

Het_SCB_1_C

Het_SCB_2_A

etc.




5.  Save this file as a text file.  

B. Submit plate and payment info online.  DO NOT SHIP THE PLATE ON A THURSDAY OR FRIDAY.  If it arrives on a Saturday, no one will be there to receive it and the dry ice will not last until Monday. 

1. Go to https://cores.lifesciences.cornell.edu/user/login.php
2. Login.  If you don’t have a login and password, create one.  (if you use Jessie’s old one, information about the plate will be sent to her email address.)  If you create a new account, make sure you write down your password in the binder.
3. After logging in, select Fragment Analysis
4. Select 96-well plate format
5. Enter billing information – we are currently using a PO# from the Baldwin account at UC Berekeley
a. The PO # is 1-0001225480

b. The shipping info is:

University of Pittsburgh

Department of Biological Sciences

4249 Fifth Ave

Pittsburgh, PA 15260

412-648-7687



c. The billing info is:




  Cam Loos




  Berkeley Natural History Museum




  3101 VLSB




  Berkeley CA 94720-2465




  510-642-6848
6. Browse for the text file you made and upload it.
7. Enter the plate name at the bottom of the form:
  Kalisz_plate_##
8. Proceed to verification
9. Submit order
10. Record the order # on the plate file you printed.
C.  Ship the Plate
1. Take the plate out and write the order number on the plate.

2.  Pack the plate on dry ice in a Styrofoam cooler inside a  box.
3. Ship to:

  DNA Servies

  Cornell University

  147 Biotech Bldg.

  
  Ithaca NY  14853

4. You will receive the invoice via email.  When you do, forward it to Cam Loos (camloos@berkeley.edu)

D.  Downloading the results - Cornell will send you an email when your results are ready – usually 1-2 business days after they receive the plate. 

1.go to Cornell’s Website at https://cores.lifesciences.cornell.edu/user/login.php and enter your email and password. 

2. click on Get Status/Results. 

3.  Download the results (in the form of .fsa files and save them into the folder C:/outcrossing rates project 2004-2008/fsa files for genemapper 2005-2008.  
VIII. Analysis in Genemapper

Before using Genemapper for the first time, read Appendix C.  Microsatellite Fragment Analysis Problems and Considerations and Appendix D.  Genemapper Definitions and Information

A. Import your sample data into a genemapper project


1.  Open Genemapper 

 



user:  gm





password:  botany



2.  Go to file ( New Project and select microsatellite

3.  Then go to file ( Add samples to project.  

4.  Add your samples by


a. Select Network Drive Z

   b. Open the folder:  outcrossing rates project 2004-2008/fsa files for genemapper 2005-2008


c. Click on the entire folder containing your samples and 


d. Click add to list.  


e. Press add.  

Note:  If you don’t want to include all samples in the folder, then open the folder and highlight only the samples you want to analyze.  You can also add samples from more than one folder/plate if you want.  After genemapper is done adding the samples, each sample should have a green arrow with a hand on it, which means that the samples can be analyzed.  

B.   Create your Panel of markers

1. Go to the panel manager by going to Tools ( Panel Manager (or you can click on the panel manager button, which is a blue square divided into 9 smaller squares) then 

2. click on the kit “Kalisz Primer Groups 1-3” 

3. View Panels and decide whether to use a panel that has already been created (all markers an fluorescent tags must match a previous panel) or to make you own. If you are going to use a previously created panel, skip to step C. Analyze your samples.  

4. click again on the kit “Kalisz Primer Groups 1-3”.  

5. Then go to file ( New Panel.  The new panel that you created will be at the bottom of the list of panels. 

6. Change the name of the panel and add all markers with labels in the comments section. 

7. Click on the plus sign to the left of the kit “Kalisz Primer Groups 1-3” and a list of all panels will appear.  Find your new panel at the bottom of the list and click on it.  

8. Add your markers to your panel

a. Go to file ( New Marker.  




b. Name your marker




c.  Change the dye color to:





Blue for the 6FAM tag





Green for the VIC tag





Yellow for the NED tag





Red for the PET tag.  

*Note about the colors:   I don’t know why genemapper uses color designations instead of the name of the fluorescent tag.  The labeled primers do not actually appear this way when you look at them in their tubes, so don’t panic when you are adding a VIC-tagged primer and it appears to be orange instead of green.  Also, even though genemapper calls the NED tag yellow, it actually appears black on the electropherograms.  The other color-tag designations do match the colors that appear on the electropherogram (so whatever marker is tagged with 6FAM will appear as a blue peak on the electropherogram).  

d.  Change the minimum size to 100.  All expected products for all markers we use should be >100 bp.  You don’t want to go less than 75 or so bp because you will start to pick up small primer-dimer peaks between 40 and 75 bp and will pick up unreacted primer below 30 bp.  

e. Change the maximum size to 350.  All of our products should be less than 50 bp.

f. Under marker, you can put a 2 for a dinucleotide repeat marker or 3 for a tri-nucleotide marker, but I don’t really think this has any effect on how genemapper calls alleles since we use bins so if you just leave it at 2 it shouldn’t matter. 

g. Then click on your new panel folder again and go to file ( New Marker to add your second marker.  Do this for all of your markers.

h. When you are done, click ok to save your changes.  The panel manager will close and you will be back at your project. 

C.   Analyze the Samples


1. In your project, change the panel to use for all samples.  

a. click on “none” within the panel cell.  

b. Click on the plus next to kit “Kalisz Primer Groups 1-3 to show all panels.

c. Double click on the panel you want to use.

d. Then click on the whole panel column and to Edit ( Fill Down to change the panel for all samples

2. Change the analysis method to Kalisz microsat 7-22-02 for all samples in the same way.  If you want to edit the analysis method in any way, double click on one of he analysis method cells and the analysis method editor will appear.  You can make any changes here you want, but I don’t recommend making any changes unless you are absolutely sure of what you are doing.  

3.  Change the Size Standard to GS500LIZ_3730 for all samples in the same way. 

4.  Click on the green analyze arrow in the top toolbar to analyze all samples.  You will prompted to name and save your project.  Save as Plate[plate#]_species_pop.  A genotypes tab should appear to the right of the samples tab when the analysis is finished.  

D.  Check results

1.  In the samples sheet, scroll to the right. You will see a bunch of green squares and maybe a few stop signs.  A stop sign in the SQ column (Size Quality) means that the size standard didn’t work for some reason.  If you have a lot of these, see Appendix E.  Genemapper Troubleshooting
2.  In the genotypes tab, click on the plus to the left or your panel in the left part of the screen.  You can then highlight one of your markers and see results for only one of your markers.  

3.  To see electropherograms, highlight samples and click on the electropherogram icon (looks like a graph with 3 peaks)

E.   Allele calling:  The most important thing here is to be consistent.  If your peaks do not fall within preset bins, you can do one of two things: 1) hand-call the alleles.  I think hand-calling the alleles easier unless you know you will submit more plates for this population.   2) Changing Genemapper Settings. 

1. Hand-Calling Alleles:  Do this for only one marker at time.  

Note:  Hand-calling alleles is easiest if you can right-click on the calls, so you might want to get a PC mouse and attach it before starting.  

a.  Highlight one of the markers under your panel in the left pane.

b.  Highlight all of the samples and go to View(Y-axis labels and choose scale individually.  

c. Look through all samples for that marker.  (Highlight samples and click on the electropherogram icon)  Get an idea of what alleles you have on the plate.  Genemapper puts the size (in bp) of the peak below each peak, but be aware that this may be for the plus-A or minus-A peak.  (See Appendix C.  Microsatellite Fragment Analysis Problems and Considerations.  Decide whether to call plus A or minus A peaks and make sure you do the same for all samples. 

c. Decide on a scoring scheme.  We have always named markers by their size so an allele that is 95.6 bp will be called allele 96.  If you have dinucleotide marker, alleles should be 2 bp apart so decide whether to score them with even or odd numbers.  

d. Then go through each sample for a marker and score the alleles by either right-clicking on the allele call box and renaming the allele or clicking on the allele call box and going to Alleles ( Rename Allele.  

2.  Changing Genemapper allele-calling settings.
   


   a.  Resetting the bins


1.  Go to Tools (Panel Manager


2.  Highlight the kit name in the left pane, and go to Bins (New Bin Set


3.  Name the binset and click ok


4.  Highlight the panel you are using in the left pane,  Then go to Bins (Add Reference Data.  A folder with your data should appear in the lower left pane.  


5.  Highlight your data folder and click add to list, then click the add button.


6.  Go to Bins (Autobin.  Select the rounded basepair naming option then click ok


7. click ok on the panel manager.


8.  Then go back to the project and edit the analysis method by double-clicking on it.   Click on the Allele tab and choose the binset you just created.  Change the analysis method for all samples.  


9.  Reanalyze data by clicking on the green arrow.   


10.  If the allele calling is still not working well, go to manually adjusting the bins next

  b.   Manually adjusting the bins

1.  Go to Tools (Panel Manager

2.  Highlight on the plus next to the kit name to show all panels

3.  Click on the plus to the left of your panel to display all markers.

4.  Click on one marker at a time to display bins.  The bins are the gray columns and the “+” are datapoints that fall in the bins.  

5.  Edit bins by double-clicking on them.

6.  After changing bins, click ok at the bottom of the panel manager.

7.  In the project window, reanalyze samples by clicking on the green arrow.

8.  If you want to adjust allele-calling further, see changing the analysis method below.

  c.  Changing the Analysis method

1.  Either double-click on the analysis method within one of the cells in the project or go to Analysis (Analysis Method Editor

2.  Change settings to desired setting and click ok.  

3.  Reanalyze the data.

F.  Export the Data
1.  On the Mac side hard-drive, create a folder in “outcrossing rates project 2004-2008/ ox rates genotype data by plate”  Name the folder Plate [plate#] tables [species] [pop]

2.  In genemapper, in the genotypes table, highlight your panel in the left pane so that all markers are showing in the table.

3.  Go to File ( Export Table.  Export to the Folder you just made (The mac hard-drive is called the Z drive).  Name the exported file Plate [plate#] [species] [pop] genotypes table.  It will save as a text file

4.  On the mac side, open the file you just saved in excel and save it as an excel file.

IX.  Outcrossing rates calculation using MLTR

A.  Formatting the results for MLTR.  See Appendix F.  Sample file in MLTR format for an example of MLTR format before starting.  

1.  Open the file you exported and save as Plate [plate#] [species] [pop] for MLTR.  If you have more than one population on the plate, separate the populations into 2 different excel files. 



2.  For all homozygotes, copy the first allele into the second allele column.  



3.  Fill in 0s for missing data.



4. Separate species, pop, family, and individual information by:




a.  insert 4 columns next to the file name




b. go to Data ( Text to Columns and select delimited and click next




c.  choose the “Other” delimiter and insert a _.  

d.  click next then finish.  You should now have separate columns for species, pop, family, and individual.  

5.  Delete all columns but family, individual, marker, and all alleles.   

6. Move the data around so there is only one row of each individual, and the markers align in columns for each individual.  After you are finished you can delete the marker, but make sure you know what order the markers are listed in.    Columns across should read like this for a population with 3 markers:  (mark1al1 means marker1 allele 1)


Family Individual    mark1al1   mark1al2  mark2al1 mark2al2   mark3al1   mark3al2


1

A
   210
       212
154
     154
            0               0




1

C
    0
        0

154
     156
          179           179


7.  Delete the individual column.  This data isn’t needed for MLTR but you need to be sure that all data in one row across is from the same individual.  

8.  Insert a column before column A and write in fam and copy it down to all rows with data.

9.  Insert a column after the family column and between each allele.  Fill these columns with commas.

10.  In the last cell in the first row of data, concatenate the entire row of data by entering =concatenate(cell1, cell2, cell3,etc).

11.  Copy this column and paste as a value into the next column.

12.  Delete all columns except this one and Delete the header row.

13.  Insert 2 rows at the top of the file and format them as follows:  

a.  First line: number of loci, group existence (put 0 for no because we are only including one population), grouping within families (0 for no – an example of this kind of grouping would be if we knew what fruits the seeds came from but we don’t.) 

Example:  4,0,0 means you have 4 loci, and no special grouping

b.  Second line: loci names, separated by commas

Example:  SpA106, CvA134, SpA116, B105

14.  Save the excel file then save as a text file.  

B.  Run the data in MLTR

1.  Move the text file to the parallels desktop.  It should go into the appropriate species folder within the input folder within the MLTR folder on the desktop.  

2.  Start MLTR by clicking on the MLTR icon within the MLTR file.

3.  Leave the data file name blank and make sure these options are selected. 


Level of analysis:  Population or group level


Dominance option:  All loci exhibit codominanace

4.  Click ok, browse for your file, and click open

5.  Enter/select these parameters (most are default and will already be selected)


Loci to use:  All loci


Bootstraps:  100


Resample families: selected


Parameters t, rt, rp, f: selected


Numerical Method: checked for NR


Pollen=ovule gene frequencies: selected


Most likely parent chosen: selected

6.  Click ok.  

7.  The output file will be in the MLTR folder and it will be called mltr.out   Change the name to [species] [pop] and move it to the appropriate folder within the output folder.  

8.  Copy results into the file ox rates data summaries/Tribe Collinseaea all outcross rates 2008.xls
THAT”S IT!!

Appendix A.  Product Ordering Information

	PCR supplies
	Supplier
	Catalog #
	Amnt.
	Price

	PCR Grade Nucleotide Mix
	Bio stockrm
	EN-605
	?
	$34.80

	Taq DNA Polymerase
	Bio stockrm
	EN-361
	500 U 
	$95.00

	flat edge 96-well PCR Plate
	PGC Scientific
	62-6049-03
	100 plates
	$273.00

	Thermoseal plate seals
	PGC Scientific
	05-6125-16E
	100 seals
	$42.99

	
	
	
	
	

	Gel Run Supplies
	
	
	
	

	Boric Acid
	Bio stockrm
	CH-059
	each
	$19.93

	TRIS
	Bio stockrm
	CH-165
	500 g
	$33.56

	EDTA
	Bio stockrm
	 
	 
	 

	EtBr
	Bio stockrm
	CF-008
	1gm
	$21.73

	Agarose
	Bio stockrm
	CH-038
	100g
	$81.86

	Low Mass Ladder
	Invitrogen
	10068-013
	200 uL
	$65.80

	Sample Loading Buffer 5x
	Biorad
	161-0767
	10mL
	$12.00

	
	
	
	
	

	Genotyping Supplies
	
	
	
	

	Semi-skirted PCR plate
	PGC Scientific
	62-6049-51
	25 plates
	$84.20

	Microamp adhesive films
	Applied Biosystems
	4306311
	100 ea
	$100.00

	LIZ 500 Size Standard
	Applied Biosystems
	4322682
	800 rxns
	$325.00

	HI-DI formamide
	Applied Biosystems
	4311320
	25mL
	$29.00

	
	
	
	
	

	Other Supplies
	
	
	
	

	Product Name
	Supplier
	Catalog #
	Amnt.
	Price

	Aluminum Foil
	Bio stockrm
	SU-005
	1 ea
	$2.50 

	Autoclave Tape
	Bio stockrm
	SU-560
	1 roll
	$3.30

	Benchkote
	Bio stockrm
	SU-055
	1 roll
	$69.21

	Bleach, Clorox
	Bio stockrm
	SU-070
	1 ea
	$2.73

	Cell Well Plates
	Bio stockrm
	PL-030
	1 case
	$80.54

	Datapads
	Bio stockrm
	SU-160
	1 pad
	$2.82 

	Eppendorf Microtubes
	Bio stockrm
	PL-213
	1 box
	$23.76 

	Glass Disposal Box
	Bio stockrm
	SA-036
	1 ea
	$6.07

	Gloves (safeskin, large)
	Bio stockrm
	SU-242
	1 box
	$7.00

	Gloves (safeskin, medium)
	Bio stockrm
	SU-248
	1 box
	$7.00

	Gloves (safeskin, small)
	Bio stockrm
	SU-244
	1 box
	$7.00

	Kimwipes
	Bio stockrm
	SU-295
	1 ea
	$2.02

	microcentrifuge tubes .5mL
	Bio stockrm
	PL-203
	1 bag
	$13.22

	microcentrifuge tubes 1.5mL
	Bio stockrm
	PL-205
	1 bag
	$13.60

	paper towels
	Bio stockrm
	SU-365
	1 roll
	$3.12 

	PCR tubes, thin/strip .2mL
	Bio stockrm
	PL-262
	1 box
	$80.55

	Pens, felt tip Sarsdedt
	Bio stockrm
	SU-410
	1 box
	$15.19

	pipet tips .1-10uL
	Bio stockrm
	PL-138
	bag
	$13.81

	Pipet tips 1000ul (blue)
	Bio stockrm
	PL-163
	1 bag
	$12.02

	Pipet tips, 200ul (yellow)
	Bio stockrm
	PL-164
	1 bag
	$10.38

	Scintillation Vials (plastic)
	Bio stockrm
	PL-281
	1 case
	$74.21

	ethanol - 95%
	Bio stockrm
	SO-020
	5gal
	$31.00


Appendix B. Ordering Primers

First get a PO# from Pat Dean.  They are in a folder in front of her desk that is labeled "oligos".  Take one of the papers from the Kalisz section.  It has a PO# on it.  

Labeled Primers:  

Note we only label the forward primers and use unlabeled reverse primers.

We order labeled primers from Applied Biosystems.  

1. Go to www.appliedbiosystems.com
2. Log on as:

User:  kaliszlab

Password:  botany

3. On the products page, click on “Custom Labeled Primers” under the heading “Custom Primers & Probes”

4. Choose “5’ Fluorescent Labeled Oligo”

5. Click on 10,000 picomoles.  (We use 290 picomoles per plate, so 10,000 picomoles is enough for 34 plates. Since the labeled primers are only guaranteed to work for a year, it would be difficult to use this much primer before it goes bad, so I see no reason to ever order more than this.)

6. Click configure to type in the sequences.  

7. Choose “dry” and click next step.  The primer will be shipped in the lyophilized form (freeze-dried) and you will rehydrate it when it comes in.

8. Type in the primer sequence in the format shown.  Primer sequences can be found in primers and across sp amp/microsat C.verna all primers info.xls for C. verna primers and primers and across sp amp/sparsiflora microsat primers info.xls for C. sparsiflora primers.  

9. Add this to your cart, and check out using the PO# from Pat Dean.  

10. When the primers arrive, add 100ul of ddwater for a 100uM stock solution.  

Unlabeled Primers:

We order unlabeled primers from IDT-DNA.  You can order these also from Applied Biosystems but they cost about ¼ as much at IDT-DNA.

1. Go to http://www.idtdna.com/Home/Home.aspx.  

2. Log in as:
User: kalisz 

Password: botany

3. Go to order, then choose custom DNA oligos. 

4. Choose single entry or multiple entry

5. For each marker, choose 25nmoles and standard desalting, and enter the name and sequence Primer sequences can be found in primers and across sp amp/microsat C.verna all primers info.xls for C. verna primers and primers and across sp amp/sparsiflora microsat primers info.xls for C. sparsiflora primers.  

6. Click add to order then enter the PO# and other information and checkout.

7. Rehydration:  IDT-DNA does not send exactly 25nmoles, so to figure out how to rehydrate, you must look up the nmoles actually sent.  Multiply this number by 10 to figure out how many ul to add to get 100uM stock solution.  You can double-check this math to see that it does work. 

Appendix C.  Microsatellite fragment analysis problems and considerations:

1.  Plus-A and Minus-A peaks:



Taq polymerase by nature sometime adds an extra adenosine to the end of PCR product.  The proportion of time that this happens is dependent on the marker because different priming sequences make it more or less likely to occur.  When you view an electropherogram of any PCR product (fragment), you will see 2 peaks, one for adenolated product (plus-A peak), which is one base pair longer than the non-adenolated product (minus-A peak), and a peak for the non-adenolated product.  In some markers one or the other peak is always much larger (larger fluorescence peak, not largest product), so you can just score the large peak.  However, for many markers the adenolation is random, and plus-A peaks are sometimes larger and minus-A peaks are sometimes larger.  In these cases you must be careful to always score either the plus-A peak or the minus-A peak, and not just the largest peak.      

2.  Non-specific amplification 



Non-specific amplification is when a primer binds to other places in the genome and causes amplification of product besides the product of interest, and is a concern in many PCR applications besides microsatellite marker amplification.  This occurs when there are sites similar in sequence to the primer-binding site and when conditions favor primer binding, such as lower annealing temperature and higher [MgCl2] in the PCR buffer. The best way to mitigate this problem is to alter PCR conditions so that it doesn’t happen.  You can try increasing the annealing temperature by a few degrees or by lowering [MgCl2] to 1.5mM.  If you don’t want to redo the PCRs and fragment analysis, and you can confidently identify which product(s) is/are non-specific because they are significantly (50bp or so) different from the expected product size, you can just ignore those products.  

3.  Stutter



Another common problem is stutter, which is a phenomenon specific to microsatellite markers.  Because of the repeating nature of these microsatellites, the polymerase can “slip” over 2 or 3 nucleotides and create product that is 2 or 3 nucleotides shorter than the template strand is.    Because the slippage should happen much less than normal exact copy amplification, it will produce a smaller peak next to the actual peak, which is called stutter.  Stutter typically happens more often in dinucleotide repeat microsatellites but does happen to a small degree in trinucleotide microsats.  It’s important to recognize when this is happening so that you do not mis-score a homozygote as a heterozygote.  Stutter does not produce product larger than the actual product (the taq only “slips” in the forward direction, skipping over base pairs, not adding extras).  See http://www.uri.edu/research/gsc/docs/Microsat%20Anal.pdf.  
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Appendix D:  Genemapper Definitions and Info

About Genemapper

Genemapper was designed to automatically score genotypes after you give it information about the markers, but the automatic scoring requires a lot of tweaking for markers due to marker specific amplification problems.  Also the primers tend to behave a little differently with different species (probably due to point mutations in the priming sequences) so the tweaking needs to be done for almost every plate.  For this reason and for other problems discussed in Appendix B, it is always best to check Genemapper’s automatic scoring.

Genemapper Resources

· http://awcmee.massey.ac.nz/Data/3730GMTrainingMar2003.pdf - this is a slideshow created by Applied Biosystems that explains the basics of fragment analysis and genemapper.  The illustrations are very helpful.

· You can always call Applied Biosystems for help with Genemapper.  You can usually speak to a tech support person who is trained in Genemapper at the time you call, and if not someone will return your call quickly. 

  Call 1-800-831-6844.  Enter 3730 for your model number.   

Genemapper definitions

The panel manager -  is the window of genemapper where you tell genemapper what markers you are using.  

Panel - a group of markers that are used on the same plate.  Each panel has a name (historically, we named our panels group 1, group 2, group 3, etc.

Kit – a group of panels.  We have always used the same kit called “Kalisz Primer Groups 1-3” You can’t change the name of a kit later which why it is still called groups 1-3 even though it now contains groups 1-35. 

Bins – these are marker specific allele calling guidelines.  They tell genemapper when to call an allele.  For example for marker SpA125, there is a bin between 134 and 136 bp which tells genemapper to call any peak between these 2 sizes allele 135.   You can create bin sets, which include any number of markers and all allele calls for those markers.  The current bin to use is Kalisz microsat 9-2-07, which includes all markers and bins to date.  You must always check this automatic bin-calling though.  Because there can be insertions or deletions in certain populations, the bins for one marker do not always align correctly with the sizes for 2 different populations. 

Analysis Method – this tells genemapper which binset to use to score alleles and can be modified to tweak the analysis.  For example, if you have a lot of background noise for one marker (small peaks that are probably due to a very small amount of nonspecific amplification), then you can tell genemapper that for that marker, it should not call alleles for peaks below 400 rfu.  We always use the analysis method "Kalisz microsat 7-22-02," which uses bin set "Kalisz microsat 9-2-07."Each time you use the analysis method, you should check all of the settings and that the bin set is Kalisz microsat 9-2-07.  

Appendix E:  Genemapper Troubleshooting

Problem:  You have a lot of samples with not enough size standard (stop sign in the SQ column of the samples tab

Solution:  This is almost definitely due to a high concentration of ions in your sample.  The machine that loads the sample onto the capillary bed measures the concentration of ions in the solution and decides how much to load based on that calculation.  If you have a lot of ions, it will not load very much and hence it might not read enough size standard to size the product.  This can happen if you used a high MgCl2 concentration in many of your PCRs.  If you do have to use a lot of MgCl2 for some reason, you should send more than 0.4ul of LIZ standard in each well.  The size standard is very expensive though, so only do this as a last resort. 

Problem:  You have stop signs or yellow triangles in the OS (off-scale) column of the sample tab.

 Solution:  This is due to having too much PCR product for that marker.  Dilute the PCR product for that marker next time.  You can often still score off-scale peaks, but the top of the peak will not be in view.

Appendix F:  Sample file in MLTR format.  

 4,0,0


SpA106,SpA125,SpA116,SpC9



fam1,222,232,134,146,194,194,179,182


fam1,194,222,136,166,194,194,194,194


fam1,222,232,134,146,186,186,179,182


fam1,0,0,0,0,0,0,179,179


fam1,222,0,134,166,186,186,179,179


fam1,222,232,134,142,186,186,179,182


fam1,272,272,0,0,0,0,0,0


fam3,222,222,0,0,0,0,0,0


fam3,0,0,0,0,194,194,179,179


fam3,0,0,0,0,194,194,179,179


fam3,300,300,138,138,0,0,0,0


fam3,300,300,136,142,194,194,179,179


fam4,222,232,142,144,194,194,179,179


fam4,222,232,134,142,194,194,179,179


fam4,222,222,150,152,184,194,179,179


fam4,222,232,142,142,186,194,179,182


fam4,222,222,142,142,194,194,179,179







Minus A peak





Stutter Peaks

















Plus A peak
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