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APPENDIX A: WET LAB PROCEDURES 

The original course of this project was to obtain sequence data for the taxa that did not 

overlap between the Schawaroch (2002) and DaLage, et al. (2007) studies, generating a complete 

data set for all four gene/gene regions. The project was actually too large for an honor’s thesis. 

Therefore, it was reconceived as a data mining project (working with previously published DNA 

sequence). However, I have learned how to culture (rear) flies, isolate DNA, and amplify DNA 

by the polymerase chain reaction (PCR) (Figure 21). 

 

 
 
 
 
Figure 21.  Lab techniques 
for this project. Lab 
techniques utilized in this 
project include (A) DNA 
extraction, (B) PCR 
amplification, (C) Gel 
Electrophoresis, and (D) DNA 
sequencing.  The center image 
displays the lab workspace. 

 

 

 

The following is a description of the techniques I also learned during my thesis project 

which were not used in the thesis: (1) extract DNA from taxa either directly raised in culture, or 

frozen samples, (2) select a primer and amplify fragments of the DNA by PCR, (3) isolate these 

fragments by gel electrophoresis, and (4) use these isolated fragments for a sequencing process 

(various methods of sequencing). 
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Culturing fruit flies 

Cultures of fruit flies were obtained from the National Drosophila Species Stock Center, 

San Diego, California. Requirements for raising Drosophila species in culture include 

preparation of food medium and control of the physical environment. Special food ingredients 

beyond the standard cornmeal recipe were bananas and noni fruit. Environmental requirements 

are temperature (some required 18◦C, while most other taxa can be raised at room temperature), 

lighting cycles (12-hour day/night cycle), and humidity.  

Additional species were previously raised in culture and frozen at -80◦C.  Issues with frozen 

samples arise because of the degradation of DNA that can occur (Figure 22).  This limited us to 

sampling, via PCR, relatively small DNA fragments (approx. 400 bp in length).  

 
 
  
 

 

 

 

 

 

 

 

 

 

 

 

A

B

i.

ii.

Figure 22.  Experiment showing DNA degredation. A. A model 
of the mt: CoII gene primer positions. The primer sequences are 
published in Brower (1994). Numbers correspond to the position 
from the 3’ end of Drosophila yakuba mtDNA sequence (Clary & 
Wolstenholme, 1985). B. This inverted gel image compares results 
from mt:CoII PCR amplification for (i) an external primer pair 
(2792-3772) in contrast to (ii) an internal primer pair (3291-3661).  
The following samples were loaded in the top and bottom wells in 
the same order: (1) Ladder, (2) DNA Extraction Negative Control, 
(3) Species A, (4) Species B, (5) Species C, (6) Species D, (7) 
Species E, (8) PCR Negative Control (dH2O), (9) Positive Control 
(recently collected representative Drosophila sp.), (10) no sample.  
Species A-E were frozen at -80°C for approximately 10 years.  For 
Species B, no PCR amplification occurred when using the external 
primer pair (total fragment length = 980 bp), while it did occur 
when using the internal primer pair (total fragment length = 370 
bp).  The older DNA appears to be degraded and less reliable 
when using primer pairs with a large fragment length.  For Species 
D and E, subsequent PCR assays, showed a greater amount of 
sample DNA was needed to achieve amplification. 
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DNA isolation 

DNA samples from both frozen and freshly reared individuals were extracted using the 

QIAamp DNA Micro Kit (QIAGEN, Valencia, CA) (Protocol 1). To avoid contamination, UV 

equipment and aseptic technique were used. If contamination occurs, it may also be useful to 

check the stocks of materials (chemicals in the kit) for contamination as well. When working 

with stocks, it is best to work with aliquots of the chemicals to minimize contact with the stock 

material. 

Polymerase chain reaction (PCR)  

The polymerase chain reaction (PCR) makes many copies of a portion of the DNA. Besides 

performing PCR amplification, I also learned how primers are designed to amplify areas where 

the sequence is unknown. A primer consists of about twenty base pairs of sequence. To develop 

a primer, sequence from species more distantly related than the species in question are aligned 

and compared to find the most conserved areas of the gene. Once you have the sequence of these 

conserved areas, the primer can be made. It should be noted that you will need to amplify both 

strands of the DNA double helix. Also, in other studies, such as DaLage, et al. (2007), the 

investigators sometimes choose to have internal and external primers.  

The PCR has many variables that can affect the quality and efficiency of amplification. For 

example, if a primer sequence does not exactly match (complement) the actual gene sequence , 

then it is important to optimize the annealing temperature- low enough so the primers can copy 

(amplify) a region of DNA, but high enough so that only one PCR band is created (indicating 

primer specificity). Once primers are developed and PCR protocols are found to be optimal, 

extracted DNA will be amplified by PCR using Taq 2X Master Mix (New England BioLabs, 

Ipswich, MA). Directions for PCR was created to streamline procedures (Protocol 2). 
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Agarose gel electrophoreis 

To check that PCR product was produced, or to isolate the PCR product, it is necessary to 

run a gel electrophoresis. Both 1% TBE (Tris-borate-EDTA) and 1% TAE (Tris-acetate-EDTA) 

gels were run. The PCR product is put into a well of a gel matrix, which sits in a buffer.  

Gels were stained with EtBr in order to visualize the PCR’s amplified DNA. Images are 

taken of the gel as a record of the PCR amplification experiment. The brightness of the bands is 

some indicator as to the amounts of PCR product produced (the brighter, the more concentrated 

the PCR product). Also, it is here where one can be alerted to contamination (Protocol 3).  

DNA sequencing 

PCR products were to be purified using the QIAquick Gel Extraction Kit (QIAGEN, 

Valencia, CA).  The purified PCR product was to be used for the cycle sequencing reaction 

according to the Beckman Coulter CEQ 8000 GenomeLab™ DNA Sequencing Kit (Brea, CA) 

protocol. The purified PCR product could also have been sent out to other labs for sequencing. 

Once sequencing was completed for both directions of the DNA fragment, a consensus sequence 

would be made, and at this point the data would match the data gathered from GenBank. 

Addendum: Advice to the student researcher 

Besides the biological knowledge that was gained from my mentor and working on this 

project, there were many aspects of what I learned that could be applied to any thesis project. 

The first and most important advice is for the investigator to maintain organized records. 

Scientific research will call for large amounts of similar files, all being re-worked countless 

times. You should begin organizing files from Day 1 in a fashion that is clear and logical. Also, 

if multiple steps were necessary in a file’s creation, make another file outlining the steps. It is 

suggested to keep a text document in every folder explaining the contents of the folder and the 
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source of the files, for example, GenBank file, previously analyzed file, and soon to be analyzed 

file. Another useful tool when organizing folders and files is to name each with a date at the end 

of the file. This will preserve information sometimes lost in file transfers, and will help you 

maintain the progress of your work. 

Take detailed, clear notes as if you were in class. Each evening, go back to these notes 

(which can be written as brief bullet points) and organize them under the correct headings and 

topics. It is humanly impossible to retain and remember the details of every procedure or issue 

you encountered throughout the day. Going back to this journal will also help solidify what you 

learned for the day and where you are at in your project. Check your revised notes with your 

mentor to ensure you understood everything correctly, and that you understood how the 

information should be organized. This running journal should include what you did for the day, 

why, and any issues that arose. Clear step-by-step directions, checklists, and reviews of what you 

will be doing are very important before performing any procedures. The importance of 

organization is arguably the most valuable piece of knowledge I gained from this project. 

Last, I want to comment on what really helped me to understand the project - asking 

questions. If told to perform certain methods, to truly learn, one must ask, “Why have we chosen 

this method?” The difference between what is convention and what is the opinion of the mentor 

is not always stated directly. It was when I was attentive to this that I truly began to understand 

the decisions I was making. I began to ask questions and learned the alternatives to the methods 

we had chosen, and why we chose to go about the project in the fashion we did. It was only then 

that I really felt that I had a part in making the decisions that shaped this project. Always listen, 

and ask when something does not make sense. A true, quality mentor will take the time to 

explain their decisions, and in doing so, there are enormous amounts of knowledge to be gained. 
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APPENDIX B: PROTOCOLS 

PROTOCOL 1:   DNA isolation template and directions 
 
Date: _________________ 
Remember to Wear Gloves and have clean kimwipe on bench area! 
Early Preparation: 
Task         Check 
Set water bath to 70 degrees Celcius    _______ 
Ice Bucket for dead flies and Proteinase K (liquid at 4°C) _______  
Set heating block on rocker to 56 degrees Celcius.  _______ 
 
Samples Used   Freshly Dead/Frozen   Stock 
1.   Negative Control      10 λ sdwater__   run as last sample 
2. _________________ _____________   _________ 
3. _________________ _____________   _________ 
… 
10. _________________ _____________   _________ 
 
What you need: 
• three micropipettors: p45, p200, and p1000 
• two types of aerosol barrier tips: (1) for p45 and p200 ( 1-200 microliter (λ) tips) and (2) for p1000 (100-1000 λ 

tips) 
• plus complete the chart:  

 

Item Quantity Number of Samples Total Amt Needed= (Quantiy) X (# samples) Needs UV’ing

Grinder* 1 Yes
1.5 ml Centrifuge Tubes** 2 Yes

Column (attached to collecting tube [CT#1]) 1 No
2 ml collecting tube [CT2, CT3, CT4] 3 Yes

Items Needed For DNA Extraction

 
 
All items, except the aerosol barrier tips, need to be decontaminated using UV radiation. UV Stratalinker 
(note: UV light source above) 10 minutes (600 sec) or three optimal crosslinks should be sufficient. Remember 
to first label the tubes before crosslinking. The sterile filter with collection tube should not be separated. 
 
*Directions to make a homemade fly grinder (i.e., a pestle to grind up fly in a microcentrifuge tube): (a) Wear 
gloves. Hold a 0.6 ml microcentrifuge tube with new small kimwipe. (b) Use a new razor blade to cut off the lid and 
rim of a 0.6 ml microcentrifuge tube. (c) Insert a p1000 blue tip into the 0.6 ml microcentrifuge tube. (d) place this 
grinder with the microcentrifuge up and the blue tip opening in the tube rack. This position will be optimal for UV 
cleaning prior to use.  
** (1 holds dead fly + 1 for final DNA collection. if dead fly already in vial then change quantity to 1). 
  

Chemical Volume per Sample number of samples Actual Use = (vol) X (#samples) What to aliquot *** (add 10 extra for pipetting error)

Buffer ATL 50 λ X 2 = 100 λ

Proteinase K 10 λ

Buffer AL 100 λ

Ethanol (100%) 50 λ

AW1 500 λ

AW2 500 λ

Water (to suspend DNA instead of AE buffer) 20 λ X 2 = 40 λ

DNA Extract Aliquots

 
***You will need to UV tubes to hold aliquots or if prefer check that you have enough volume of the 
chemicals/solutions in your personal stock (NOT lab stock) for that days extraction.  
 
NOTES during DNA isolation: 
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“Protocol: Isolation of Genomic DNA from Small Volumes of Blood” from QIAamp DNA Micro 
Handbook second edition May 2010 pages 16-18 [QIAGEN, Valencia , CA]. 
NOTE: All black font is taken directly from the handbook. All blue font are directions modified for how the 
Schawaroch lab does single fly preps   
Important point before starting 
■ Perform all centrifugation steps at room temperature (15–25°C). 
Things to do before starting 
■ Equilibrate samples to room temperature (15–25°C). 
■ Equilibrate Buffer AE or distilled water for elution to room temperature. 
■ Set a thermomixer or heated orbital incubator to 56°C for use in step 5. 
■ Ensure that Buffers AW1 and AW2 have been prepared according to the instructions 
on page 14. 
■ If Buffer AL or Buffer ATL contains precipitates, dissolve by heating to 70°C with 
gentle agitation. 
■ Optional: Handbook offers to use a carrier RAN for small samples – I do NOT use carrier RNA so all 
such steps have been omitted.  
Procedure 
1. Take a frozen single fly in 1.5 ml microcentrifuge tube off the ice and place it on a tube rack. For 
negative control use 10 λ of sd water.  
NOTE: all remaining procedures at room temperature unless otherwise noted.  
2. Add 50 µl Buffer ATL to fly in tube. Use homemade pestal to grind fly along the side.  
The eye pigment go into solution.   
3. Add 50 µl more Buffer ATL to ground up fly in tube. 
 Therefore total volume ATL is 100 µl). Make sure all fly parts are in tube and not on pestal  
4. Add 10 µl proteinase K.  
5. Add 100 µl Buffer AL, close the lid, and mix by pulse-vortexing for 15 s. 
To ensure efficient lysis, it is essential that the sample, Buffer ATL, proteinase K, and Buffer AL are 
thoroughly mixed to yield a homogeneous solution.  
6. Incubate at 56°C for 10 min. Use the heating block on the rocker. 
Note: If samples are shaken during the incubation, DNA yields can be increased.  
7. Briefly centrifuge the 1.5 ml tube to remove drops from inside the lid.  
8. Add 50 µl ethanol (96–100%), close the lid, and mix thoroughly by pulse-vortexing for 15 s. 
Incubate for 3 min at room temperature. 
Note: If room temperature exceeds 25°C, cool the ethanol on ice before addingto the tube.  
9. Briefly centrifuge the 1.5 ml tube to remove drops from inside the lid.  
10. Carefully transfer the entire lysate (Leave fly body parts [do not transfer] in minimal solution in 
the 1.5 ml centrifuge tube) from step 9 to the QIAamp MinElute column (in a 2 ml collection tube 
[CT#1]) without wetting the rim. For the Negative Control transfer 200 λ of the solution.  Close the 
lid, and centrifuge at 6000 x g (8000 rpm) for 1 min.  
Place the QIAamp MinElute column in a clean 2 ml collection tube [CT#2], and discard the 
collection tube containing the flow-through. 
If the lysate has not completely passed through the membrane after centrifugation, centrifuge again at a 
higher speed until the QIAamp MinElute column is empty.  
11. Carefully open the QIAamp MinElute column and add 500 µl Buffer AW1 without wetting the 
rim. Close the lid, and centrifuge at 6000 x g (8000 rpm) for 1 min. 
Place the QIAamp MinElute column in a clean 2 ml collection tube [CT#3], and discard the 
collection tube containing the flow-through.  
 



More Taxa or More Characters 
71 

 
 
12. Carefully open the QIAamp MinElute column and add 500 µl Buffer AW2 without wetting the 
rim. Close the lid, and centrifuge at 6000 x g (8000 rpm) for 1 min. 
Place the QIAamp MinElute column in a clean 2 ml collection tube [CT#4], and discard the 
collection tube containing the flow-through. 
Contact between the QIAamp MinElute column and the flow-through should be avoided. Some centrifuge 
rotors may vibrate upon deceleration, resulting in the flow-through, which contains ethanol, coming into 
contact with the QIAamp MinElute column. Take care when removing the QIAamp MinElute column and 
collection tube from the rotor, so that flow-through does not come into contact with the QIAamp MinElute 
column.  
13. Centrifuge at full speed (20,000 x g; 14,000 rpm. Note: our centrifuge max speed is 13,200 rpm 
– works fine) for 3 min to dry the membrane completely. 
This step is necessary, since ethanol carryover into the eluate may interfere with some downstream 
applications.  
14. Place the QIAamp MinElute column in a clean 1.5 ml microcentrifuge tube (not provided) and 
discard the collection tube containing the flow-through. Carefully open the lid of the QIAamp 
MinElute column and apply 20 µl distilled water to the center of the membrane. 
Important: Ensure that distilled water is equilibrated to room temperature 
(15–25°C). Remember to add distilled water onto the center of the membrane to ensure complete elution 
of bound DNA.  
QIAamp MinElute columns provide flexibility in the choice of elution volume. Choose a volume according 
to the requirements of the downstream application. Remember that the volume of eluate will be up to 5 µl 
less than the volume of elution solution applied to the column.  
15. Close the lid and incubate at room temperature (15–25°C) for 5 min. Centrifuge at full speed 
(20,000 x g; 14,000 rpm. Note: our centrifuge max speed is 13,200 rpm – works fine) for 1 min. 
Incubating the QIAamp MinElute column loaded with water for 5 min at room temperature before 
centrifugation generally increases DNA yield.  
16. Carefully open the lid of the QIAamp MinElute column and apply 20 µl distilled water to the 
center of the membrane.  
17. Close the lid and incubate at room temperature (15–25°C) for 5 min. Centrifuge at full speed 
(20,000 x g; 14,000 rpm. Note: our centrifuge max speed is 13,200 rpm – works fine) for 1 min.   
Note: 16 and 17 are almost repeats of steps 14 and 15 this is to increase DNA yield (better to repeat 
steps with less water than to add more water and do step only once.  
Keep ALL tubes covered in parafilm until you are sure the DNA isolation worked. Dispose of tubes 
with solution according to lab safety.   
Check if procedure worked via PCR.  
Safety Information from QIAamp DNA Micro Handbook second edition May 2010 pages 6 
When working with chemicals, always wear a suitable lab coat, disposable gloves, and protective goggles. For more information, please consult the 
appropriate material safety data sheets (MSDSs). These are available online in convenient and compact PDF format at www.qiagen.com/ts/msds.asp 
where you can find, view, and print the MSDS for each QIAGEN kit and kit component.CAUTION: DO NOT add bleach or acidic solutions directly 
to the sample-preparation waste.Buffer PB contains guanidine hydrochloride, which can form highly reactive compounds when combined with 
bleach.In case liquid containing this buffer is spilt, clean with suitable laboratory detergent and water. If the spilt liquid contains potentially infectious 
agents, clean the affected area first with laboratory detergent and water, and then with 1% (v/v) sodium hypochlorite. The following risk and safety 
phrases apply to the components of the QIAquick system., Buffer PB   Contains guanidine hydrochloride and isopropanol: harmful, irritant, flammable. 
Risk and safety phrases*: R10-22-36/38. S23-26-36/37/39-46, Buffer PN  Contains sodium perchlorate and isopropanol: harmful, highly flammable. 
Risk and safety phrases*: R11-22. S13-16-23-26-36-46, Buffer QG   Contains guanidine thiocyanate: harmful. Risk and safety phrases*: R20/21/22-
32. S13-26-36-46, 24-hour emergency information Emergency medical information in English, French, and German can be obtained 24 hours a day 
from:Poison Information Center Mainz, Germany, Tel: +49-6131-19240* R10: Flammable. R11: Highly Flammable. R22: Harmful if swallowed. R20/21/22: Harmful by 
inhalation, in contact with skin and if swallowed. R32: Contact with acids liberates very toxic gas. R36/38: Irritating to eyes and skin. S13: Keep away from food, drink and animal feeding stuffs. 
S16: Explosive when mixed with oxidizing substances. S23: Do not breathe vapour/spray. S26: In case of contact with eyes, rinse immediately with plenty of water and seek medical advice. S36: 
Wear suitable protective clothing. S36/37/39: Wear suitable protective clothing, gloves and eye/face protection. S46: If swallowed, seek medical advice immediately and show the container or 
label. 
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PROTOCOL 2:   PCR directions and recipe 
 
We are using Taq 2X Master Mix from New England BioLabs. My PCR products are small (900 bp or less) so that 
this is the optimal Taq. Primers arrive lyophilized (freeze dried)and need to be hydrated to make a 100 microMolar 
mM stock. Keep half of this stock in lab Freezer and half in minus 80 storage.The working stock of the primer is 
10mM. Therefore dilute primer stock by 1/10 to make the working stock tube kept in your experiment box in 
freezer. The 25 λ Total Volume recipe is when you have everything optimized and once checked by agarose gel 
electrophoresis this product will be used for sequencing. 
 
25 microLiter (λ) Total Volume PCR reaction: 
Primer A (10 mM) 1λ 
Primer B (10 mM)   1λ 
Taq 2X Master Mix 12.5 λ 
DNA    1λ  * 
sdWater   9.5 λ  * 
Total Volume   =   25 λ 
Note:DNA volume can be increased or decreased and then you will need to compensate by adjusting the sdWater 
(actually nanopure water or purified water from Fisher etc.) 
 
Therefore here are our two most popular recipes: 

25 microLiter (λ) Total Volume PCR reaction: 
For 1 λ sample DNA       For 2 λ sample DNA 
Primer A (diluted) 1λ      Primer A (diluted) 1λ 
Primer B (diluted)   1λ      Primer B (diluted)   1λ 
Taq 2X Master Mix 12.5 λ      Taq 2X Master Mix 12.5 λ 
DNA    1λ        DNA    2λ   
sdWater   9.5 λ        sdWater   8.5 λ   
Total Volume   =   25 λ      Total Volume   =   25 λ 
 
Cycling conditions as per New England Biolabs protocol as optimized for the Taq 2X 

95 degrees for 2 minutes 
Then 35 repeats of: 

    95 degrees for 30 seconds 
   **50 degrees annealing for 30 seconds    
       68 degrees for 1 minute 

After cycling then 68 degrees for 5 minutes 
To 4 degrees (ice bucket) forever 

** (Note: annealing temperature varies with primer pair and species) 
 
The 10λ Total Volume PCR reaction recipe is for initial screening (1) to see if theDNA isolation worked and (2) to 
optimize the PCR reaction (usually in this case annealing temperature since Taq 2X has it’s own cycling protocol).  
 
For the 10 total volume reaction you are actually decreasing the above PCR reaction by 2.5 fold or in other words 
40% of the original reaction.  
First, make a diluted working stock of the primer to specifically use for the 10 Total Volume reactions 
 
To dilute each primer: 
Primer A (10 mM) 12 λ   Primer B (10 mM) 12 λ 
sdWater   18 λ   sdWater   18 λ 
Total Volume   =   30 λ   Total Volume   =   30 λ 
 
10 microLiter (λ) Total Volume PCR reaction: 
Primer A (diluted) 1λ 
Primer B (diluted)   1λ 
Taq 2X Master Mix 5 λ 
DNA    1λ  * 
sdWater   2 λ  * 
Total Volume   =   10 λ 
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Note:  DNA volume and can be increased or decreased and then you will need to compensate by adjusting the 
sdWater (actually nanopure water or purified water from Fisher etc.) 
 
Therefore here are our two most popular recipes: 

10 microLiter (λ) Total Volume PCR reaction: 
For 1 λ sample DNA       For 2 λ sample DNA 
Primer A (diluted) 1λ      Primer A (diluted) 1λ 
Primer B (diluted)   1λ      Primer B (diluted)   1λ 
Taq 2X Master Mix 5 λ      Taq 2X Master Mix 5 λ 
DNA    1λ        DNA    2λ   
sdWater   2 λ        sdWater   1 λ   
Total Volume   =   10 λ      Total Volume   =   10 λ 
 
Cycling conditions as per New England Biolabs protocol as optimized for the Taq 2X 

95 degrees for 2 minutes 
Then 35 repeats of: 

    95 degrees for 30 seconds 
   **50 degrees annealing for 30 seconds    
       68 degrees for 1 minute 

After cycling then 68 degrees for 5 minutes 
To 4 degrees (ice bucket) forever 

** (Note: annealing temperature varies with primer pair and species) 
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PROTOCOL 3:   Gel template and directions 
 
Date: _________________ 
 
 
A) Top Row _____________________ 
 
Well, Samples Used  Primer Pair  Band  Date of PCR Date of Extra. 
1. _________________  _____________  _________ _________ _________  
2. _________________  _____________  _________ _________ _________ 
3. _________________  _____________  _________ _________ _________ 
…  
10. _________________  _____________  _________ _________ _________ 
 
 
B) Bottom Row _____________________ 
 
Well, Samples Used  Primer Pair  Band  Date of PCR Date of Extra. 
1. _________________  _____________  _________ _________ _________  
2. _________________  _____________  _________ _________ _________ 
3. _________________  _____________  _________ _________ _________ 
…  
10. _________________  _____________  _________ _________ _________ 
 
Details 
Gel Type:  ___% ______ 
Gel TV:   ________ ml 
Amt of Gel Buffer:  ________ ml 
Amt. of Agarose  ________ g 
Voltage Setting:   ________ V 
Total Running Time ________ min 
 
After Gel is Run 
Stain Used:  ____________ 
Stained for:  _____ min 
De-stained for:  _____ min  
 
Picture File Name(s)  ___________________ 
   ___________________  
 
Notes 
______________________________________________________________________________ 
__________________________________________________________________________ 
 
 
I. Preparation: 
- UV p-10  
- UV yellow tips 
- Get Ice 
- Prepare Gel box for making a gel (special setup if small total volume) 
 
Making Gel 
1) Depending on what total volume you would like the gel to be, prepare your materials. We usually use a 1% TAE 
Gel.  
- Eg:  A 1% TAE Gel with a desired total volume of 35 ml will require 35 ml of TAE buffer, and 0.35 g of Agarose 
(use from aliquot given to you by Dr. Schawaroch). 
2) In an Erlenmeyer Flask (125 ml Erlenmeyer for TV 35 ml, 50 ml Erlenmeyer for anything less than TV 35 ml), 
first pour the measuredagarose. 
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3)  Next pour the measured TAE Buffer, making sure all of the agarose on the sides of the Erlenmeyer are flushed to 
the bottom of the Erlenmeyer. 
4) Slightly swirl the solution. Measure the Erlenmeyer with its contents on the analytical balance. Tare the 
measurement. 
5) Put a paper towel stopper into the top of the Erlenmeyer.  
6) After putting on safety glasses and oven glove, put the Erlenmeyer and contents into the microwave.  
7) Set the microwave to: 
- 1 min for 35 ml TV gels 
- 15 s for any TV below 35 ml 
NOTE: You do not want to put in the solution for too long (for smaller total volumes, because the solution will boil 
out of the Erlenmeyer> 
8) Let it stand in closed microwave for at least 20 sec. 
9) Take out the Erlenmeyer and contents (while wearing an oven mit), and swirl. 
10) Keep putting in microwave for 15-30 second intervals (less time for smaller total volumes) (do not forget to let it 
stand for at least 20 seconds after microwaving) until the solution is absolutely clear. 
11) Take off the paper towel stopper, and measure on the analytical balance. 
12) Add back the ddH2O until the balance reads 1 g. 
13) Put the paper towel stopper on the Erlenmeyer again. 
14) Put in the microwave and set it to 15 s (or 10 s with a smaller total volume).  
15) Let it stand, then take it out and swirl. Put on the countertop surface and let it cool until the Erlenmeyer is of 
bearable temperature on your skin. 
16) Once the Erlenmeyer and contents have cooled to a bearable temperature, pour into the prepared gel box.  
NOTE: You should pour the gel into what will be the bottom right corner of the gel to decrease errors if bubbles 
pour out. 
17) Immediately put the comb into the gel. 
18) Allow it to cool for at least 15 minutes (gels with higher Total Volumes will need more time to cool). 
19) Once gel is cool and solid, carefully remove the comb by lifting straight up. Also, carefully remove any other 
molding apparatus. 
20) Lift the gel case out of the gel box and orient it so that the wells are on the side of the black electrode.  
 
Running gel 
1) Make sure the gel is in the gel case in the gel box, and that the wells are on the side of the black electrode.  
NOTE: Remember, DNA always Runs to Red. This is because DNA is negatively charged and it is attracted to the 
red cathode, and repelled by the black electrode. 
2) Pour TAE running buffer until the whole gel is fully submersed in buffer (there should be approximately 1 cm of 
buffer above the gel). 
3) After putting the Loading Dye, ladder, and PCR Products on ice, cut a piece of parafilm. 
4) Using the UV’d p-10 and yellow tips, pipet 3 λ of Loading Dye onto the parafilm for each well that will be in use 
(# of PCR products + Ladder).  
5) Pipet 1 λ of Ladder and mix with the Loading Dye, then load the mix into the first well. 
6) Pipet 5 λ of the PCR product and mix with the loading dye, then load the mix into the next well. Repeat this 
process for all PCR products. 
7) After all samples have been loaded in the wells, place the Gel Box cover on the box, matching the colors of 
electrodes. 
8) Plug the wires from the cover into the voltage source. 
9) Turn on the voltage source. Check the gel box for bubbles to make sure the source is on. Also check the amount 
of voltage, and make sure it is your desired amount. 
10) Let the gel run for a specified amount of time (25 minutes for 35 ml TV gels, less time for smaller TV). 
11) Check the progress of the gel during its run time. 
12) Stop the gel electrophoresis process by turning off the voltage source.  
NOTE: If you will not be able to work with the gel after stopping it from running, set the voltage to the lowest 
setting. It is always better to have electricity running through gel.  
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Staining/De-Staining Gel 
CAUTION: Gloves should be worn throughout this process and contact with objects should be minimal. The EtBr is 
potentially hazardous. Its contact with surfaces and equipment should be minimized. Also, when using the UV light, 
face shields should be worn. 
1) Put the Gel in the desired stain’s Staining Tray (we usually use EtBr).  
2) Carefully pour out the stain into the tray (enough to cover entire gel).  
3) Put the tray on a rocker. Let it stain and rock for approximately 2 min. 
4) Check the stain under the UV light. If the gel needs more staining time, stain it longer. 
5) Once the gel is properly stained, put the gel into the De-Staining Tray.  
6) Pour ddH2O over the gel (enough to cover gel). 
7) Put on the rocker and de-stain for approximately 30 min (time is flexible). 
8) While de-staining, pour back the stain from the Staining Tray to its proper container. 
9) After the proper amount of De-Staining, take the gel and check under the UV light. 
10) Properly dispose of the remaining liquid in the de-staining tray into a waste container. 
 
Taking Pictures of the Gel 
Use the Kodak Logic 100 Imaging System to image the gel under UV light. 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



More Taxa or More Characters 
81 

 
PROTOCOL 7:   Directions for Bremer analysis 
 
These directions are applicable to performing an Bremer analysis on the PAUP analysis of various data sets. With 
these directions, it is assumed that you have already performed an analysis and tree construction on some data set 
(NAME), and that you have each analysis in a NAMEOFANALYSIS folder, which should contain (but not limited 
to these) an original data file (Nexus with all data) and a Tree file (which should be named as TreeNAME). 
 
Preliminary 
1) You should first make a folder within the NAMEOFANALYSIS folder called BremNAME 
2) Next put in a copy of the tree file from the NAME folder into the BremNAME folder.  
3) You must open the Tree file, resave it as:  
Tree1_(#of equallyparsimoneoustrees)NAME 
- then delete all but the first tree from the file (make sure you leave semicolon, end, semicolon as the end command) 
- save it again 
4) Create an AutoDecayRun folder within the BremNAME folder. Put in a copy of a) the original data file NAME 
folder and b) of the tree file (from Step 3) from the BremNAME folder into the AutoDecayRun folder. 
You now have what you need to do Bremer analysis. 
 
Actual Directions 
1) In PAUP 
- make a Log file for the run you will do and make sure it is in the AutoDecayRun folder 
- call it LogAutoDecayNAME 
2) Keep PAUP open and open Autodecay from in recent applications 
- it should not matter at this point, but you may want to set up length of optimal tree here (the default originally had 
nothing, but now it displays the number entered from the last run) 
- once open, go to the Autodecay menu setup command file 
- now get Nexus tree file you want to use (the one you created with only one tree) 
- open tree file 
- a new window comes up to name the decay file (it names it for you). Save it within AutoDecayRun folder 
- it will make constraint trees (trees with single nodes) 
- you can leave the program running 
3) Now go run it in PAUP 
- execute original data file (with all data in it) 
- setup same conditions (include/exclude char, insert/delete taxa, outgroup) 
- open the adc file that Autodecay created. Open it by executing it 
- when it starts to execute, it will go through a bunch of searches 
- it is going through different nodes and making replicates (100 for each search), does it 100 per node.  
- when it is done searching it will show some table in PAUP - save the trees from PAUP to the Autodecay folder as 
PAUPautodecayNAME 
4). Go back to AutoDecay to extract the decay values 
- set the most optimal tree length 
- make sure it says output tree and list 
- got to AutoDecayextract decay values 
- open the adc file 
- it will perform a number of analyses equivalent to how many nodes were there 
5) Now go to Tree View from recent applications 
- once open go to file open, and open the tree file that AutoDecay made (it will have .tre file extension) 
6)  In treeview 
- Tree show internal edge layers, set font of decay values (I did 6 size) 
- go to trees print trees 
- make sure sure to check show internal labels 
- save as a pict, call it DecayTreeNAME 
- save it  
7) Make that pict a tiff in Photoshop 
 


