SMALL SCALE DNA EXTRACTION PROTOCOL
For dried (silica gel of herbarium) or fresh plant material. By Ingrid Jordon-Thaden.

Highly modified from:  Doyle, J.J. and J.L. Doyle. 1987. A rapid DNA isolation procedure for small quantities of fresh leaf tissue. Phytochemistry Bulletin 19:11-15.

And used in: Jordon-Thaden et al. 2010. Molecular phylogeny and systematics of the genus Draba (Brassicaceae) and identification of its most closely related genera. Molecular Phylogenetics and Evolution 55: 524-540. And many, many other publications. This protocol is taught to many people who need better yield and quality DNA than kits. 
LAST UPDATED Sept 2022.

Materials

2 mL microfuge tubes (round bottom for the tissue-lyser machine)
2 mL microfuge tubes (pointed bottom for extraction steps)
1.7mL microfuge tubes

5 Steel or zirconia beads, autoclaved, per tube
CTAB 

PVP  (Polyvinylpyrrolidone)
20% sarkosyl solution in water
b-mercaptoethanol

24:1 chloroform:isoamyl alcohol (under hood)

100% Isopropanol (also called 3-propanol) (ice-cold, in -20°C freezer)

75% Ethanol (ice-cold, in -20°C freezer)

95-98% Ethanol (ice-cold, in -20°C freezer, poured straight from the 180 proof bottle)

TE Buffer – (Tris-EDTA buffer, pH 8.0)
RNase A 
Preheat the water bath to 65ºC (takes about 30 minutes). Use the thermometer in the water for actual temperature. 
Check the temperature of the incubator at 37ºC, preferably this is never turned off (use thermometer inside incubator for actual temperature).
Precool the refrigerated centrifuge at 4ºC (do this at the very beginning to ensure it is as cold as possible)
Check to see if you have enough cold alcohol solutions for your extraction.
Procedure

1. Prepare samples and tubes. Weigh 10-50 mg of leaf tissue for each sample (highest DNA yields are obtained from the most recent collections and the youngest, greenest leaves on the plant).  DO NOT USE TOO MUCH TISSUE OR THE EXTRACTION WILL FAIL. Solanum works best with 10mg of tissue. To minimize contamination between samples, weigh the leaf inside the tube itself and clean the forceps with ethanol between samples. 
1 x set of round-bottom 2mL tubes with your tissue and 1 to 2 steel balls. 2 x set of 2 mL tubes with the pointed bottoms. 1 x set of 1.7 mL tubes. One of these sets of 2 mL tubes will store your extracted DNA in the freezer, so label carefully. Make sure to clearly label each tube with its corresponding sample number in two places (the lid and the side of the tube).
2. CTAB/PVP prep.  Place a sufficient quantity (ca. 1 mL/sample) of CTAB into a Falcon tube.  Do not add the full volume initially. For example, if you are making 25 mL of the solution, add only 23 mL first, then add and dissolve the PVP, and bring to volume after it is dissolved. Add 1% PVP (Polyvinylpyrrolidone) to the CTAB. Place the tube into the 65°C water bath to heat and dissolve the PVP, should take about 30 minutes. Bring the CTAB to volume after the PVP is fully dissolved. Make this fresh every time you do an extraction. You could finish preparing your tubes and clean the hood while you wait. 
CTAB             PVP

5 mL
0.05 g

10 mL

0.10 g

20 mL

0.20 g

25 mL

0.25 g (use this for 24 samples, making a bit extra)
3. Grind tissue. While CTAB is heating, secure samples in the BEAST with the white-cut tube rack, be sure to balance the weight, and grind the material for 1:30 minutes (up to 6 minutes for Draba) at 1500 rpm.  After grinding, check each tube to make certain that material is ground to a fine powder and the tube has not cracked – if not powdered, place tubes back in BEAST and grind for an additional minute. If the tube has broken, it is best to throw away the sample, and get new leaf tissue. If there is no sample left, then add the CTAB as in Step 5, but after the tissue is hydrated for a couple of seconds, transfer the contents of the tube (with the bead) into a new tube.
4. Add BME. In the hood, add 0.2% beta-mercaptoethanol (BME), and sarkosyl, to the heated CTAB-PVP buffer, and mix by inverting several times. BME is volatile, and should be added to the CTAB-PVP solution right before starting the extractions. Make sure to do this step in the fume hood, as BME is extremely smelly!

CTAB            
   PVP

BME

20% sarkosyl
5 mL
   0.05 g
10 (L

20 (L
10 mL

   0.10 g
20 (L

40 (L
20 mL

   0.20 g
40 (L

80 (L
25 mL

   0.25 g
50 (L

100 (L

(use 25 mL for 24 samples, making a bit extra)
5. CTAB sample hydration. Once the samples are finished grinding, tap the top of the tubes to knock tissue off the cap, not all of it will come out. Carefully open each tube one at a time (do it slowly to prevent the powder from becoming airborne). Add 1000 µL of the hot CTAB solution to each sample and close the tubes TIGHTLY. 
6. Homogenize. Put hydrated samples back in the beast for 45 seconds to mix thoroughly. Make sure they are sealed tightly, or you will end up with a nasty mess.
7. Incubate. Place samples in 65ºC water bath for 30 minutes. Vortex briefly after 15 minutes, half-way. 
8. Centrifuge the CTAB and plant material at 25,000 rcf for 10 minutes at room temperature in the hood.

9. Remove the supernatant and place it in a new set of 2 mL labeled tubes (pointed bottom). It is OK if debris are transferred in this step. Try to get all of the solution transferred, even pushing on the plant material with the tip to squeeze the solution free to be pulled up with the pipette. Try to keep the liquid off the lid of the tube, and avoid pipetting lots air bubbles into the tube. When the bubbles pop, they can contaminate neighboring samples.
10. First extraction. Add 700 µL 24:1 chloroform:isoamyl alcohol to each sample.  Invert each tube several times to mix (~6), preferably while kept inside the rack. Use a second rack to hold the tubes in place as you invert it. For the steps involving chloroform, you may want to use nitrile gloves (latex gloves are permeable to chloroform). 

11. Centrifuge first extraction for 10 min at 20,000 rcf in the hood. Following centrifugation, remove the tubes carefully. There should be three layers: top- aqueous phase (with the DNA), middle- debris and protein interface, and bottom- chloroform. 

12. Harvest first extraction. Carefully remove the top, aqueous layer (supernatant) and transfer to a new, labeled 1.7 mL tube (or 2 mL if you are only doing one extraction). Try not to disturb the interface with the organic layer. Pipetting slowly and at eye level to help with this. Quality is better than quantity here. It is better to leave some of the aqueous layer behind than risk pipetting up the debris. 

Steps 13-15 are optional, and should be done if the aqueous layer is substantially still colored or cloudy, or there is a debris layer between the aqueous and organic phase – which it usually is. The Martine Lab always did steps 13-15 with Draba and Solanum.
IMPORTANT: Harvest of final extraction should go into 2mL tubes.

13. Second extraction. Add 400 µL 24:1 chloroform:isoamyl alcohol to the aqueous layer in the tube and invert each tube several times to mix.
14. Centrifuge second extraction for 10 min at 17,000 rcf in the hood. Remove the tubes carefully to avoid disturbing the layers.
15. Harvest second extraction. Again, carefully remove the top, aqueous layer and transfer to the third set of labeled 2 mL tubes. Be careful not include any of the chloroform layer this time (pipette slowly)!
16. DNA alcohol precipitation. Fill these 2 mL tubes (containing final harvest extraction) with ice-cold isopropanol (also called 2-propanol). Be sure to leave enough space to close the lid. The more alcohol that will fit in the tube the better. A volume of ~1.0 to 1.5 mL of alcohol will fit most often. Invert tube several times to mix before incubation. You might be able to see the DNA precipitating immediately when you invert the tubes.
17. DNA precipitation incubation. Place tubes in -20ºC freezer for 20 minutes to allow DNA to precipitate. Alternatively, place the tubes for 5 minutes in -80ºC freezer. Longer times tend to precipitate more DNA, but may increase the risk for contamination. [good time to take a break/ eat/ etc.]
18. DNA pellet centrifugation. After the precipitation incubation, centrifuge the tubes for 20 minutes at 17,000 rcf in the 4ºC-refrigerated centrifuge (hinges pointing outward). Hopefully, you should see a clean (clear is better than whitish) pellet on the bottom of the tube. Don’t despair if the pellet is discolored in any way. It often doesn’t need cleaning or can be cleaned later. It is best to check to see if you have a pellet in all the samples at this point. If not pellet is visible to the eye, note this in your lab notebook. Sometimes, when a pellet is really small and hard to see, it is still usable downstream, so don’t through it out.
19. DNA pellet isolation. Carefully pour off supernatant (into a Hazardous Waste beaker), being careful not to lose the pellet. Once the liquid is poured off, you can vigorously tap the tube completely upside down onto a clean paper towel to remove as much isopropanol as possible. 
20. First DNA pellet rinse. Add 1000 µL cold 75% EtOH (ethanol) and mix by placing on shaker at the highest speed it can manage for 10 minutes. 
21. First DNA pellet spin and shake. Centrifuge for 5 minutes in the refrigerated centrifuge at 4°C at 17,000 rcf. Carefully pour off the EtOH into the waste container, and tap the tube upside down onto a clean paper towel. Don’t lose the pellet! If the pellet falls out, retrieve it gently with a pair of forceps and repeat step 20 for that tube.
22. Second DNA pellet rinse. Add 500 µL cold 95% EtOH and mix by placing on shaker at the highest speed it can manage for 10 minutes.
23. Second DNA pellet spin and shake. Centrifuge for 5 minutes in the refrigerated centrifuge at 4°C at 17,000 rcf and carefully pour off the EtOH into the waste container, and tap the tube upside down onto a clean paper towel. Don’t lose the pellet! 
24. Final pellet spin. Centrifuge the “empty” tube with the pellet for 2 additional minutes. Pull the remaining the EtOH off with a 20 µL pipette. This step is important to remove any residual salts that might remain on the pellet.
25. Dry pellets. YOU HAVE TWO OPTIONS:
a. Open all the tubes. Cover them with a large Kim wipe and leave overnight for pellet to dry.
b. Open all the tubes. Place them with their lids open inside the plastic vacuum desiccator and run it for 30-60 minutes. Be sure to slowly release the vacuum when finished or the pellets may jump out of their tubes.
26. Resuspend pellet. Add 50 to 100 µL PCR-clean water or TE Buffer to the pellet. 
27. RNAse treatment. Add 1 µL of a 10 µg/mL stock solution of RNase A to the DNA and incubate whilst shaking at 37ºC for one hour. Remember to switch the shaker on inside the incubator for this step.  When adding the RNase, as with all enzymes, add the small volume       1 µL to the liquid directly, not to the side of the tube. Be sure the pellet is immersed in the solution before incubation.
28. Storage. Store extractions as appropriate, or move onto the cleaning section below. If you will be working with the Nanodrop or Qubit in the next couple of days, leave your samples in the 4ºC fridge to avoid freeze-thaw damage. Otherwise store at -20ºC for a few months. Longer than that, store at -80ºC.
29. Determine the concentration of your extracted DNA. Do this either with the NanoDrop (use TE buffer or water as your blank accordingly) or with the Qubit. Follow instructions of the manufacturers. Keep the DNA on ice while working with it from now on.
Concentrating and Desalting DNA

By Sack Lab, modified slightly by Ingrid Jordon-Thaden, 24 August 2015

This protocol was implemented on the DNA for the ddRAD tag experiment to improve digestion quality of whole genomic DNA. This cleaning method was found to give better DNA yield with the Qubit rather than the Promega wizard cleaning kit described on the next page.

1. Thaw 48 samples of DNA, centrifuge at 13,000 rpm for 3 minutes.

2. Place tubes on orbital shaker for 30 min to ensure no pellets after the quick spin.

3. Add 100uL of TE buffer.

4. Add 20uL of 3M sodium acetate, mix by placing on orbital shaker for 5 min. Be sure pellet (if there is any) is fully dissolved before next step.

5. Add 200uL room temperature 100% isopropanol (2-propanol is the same thing).

6. Invert several times, make notes of observations (i.e. instant ppt?).

7. Place in -20°C freezer for one hour.

8. Centrifuge at full speed (~18,000 rcf) at 4°C for 10 min.

9. Pour off liquid and save pellet.

10. Add 200uL of 70% ethanol at room temp, invert a few times.

11. Spin 1 min, then pour off ethanol.

12. Spin empty tube for 1 min, then pull ethanol off by pipetting.

13. Allow pellet to dry on the bench or desiccator for several hours (overnight is ok).

14. Resuspend in 50 uL TE buffer (store in 4°C until able to Qubit). Place on orbital shaker for 30 mins to 4 or 5 hours at room temperature to assist in resuspension. If still stubborn, can add another 50 uL of TE buffer and place the orbital shaker in 37.5°C incubator for a while longer until pellets are dissolved.

15. Spin down before putting at 4°C.

16. Quantify with Qubit BEFORE freezing.

17. When finished, store at -80°C for long term, and -20°C for short term. 

---desalt/quantify genomic DNAs---

Total input DNA needs to be at least 100 ng, with 300 ng optimal (no more than 500 ng). The volume of DNA liquid to use in the digest is also important as it should not exceed 10 μL in order to not throw off the enzyme/DNA/buffer mixture balance.  Preferably 5 μL of DNA extract is added per digest, so a minimum concentration of 20 ng/μL is required, with 60 -100 ng/μL the optimum.  These different levels of concentration were tested by IEJT simply with trial and error, however, feel free to test your own concentration limits. In order for the enzyme digestion to be as complete as possible, it is recommended by NEB from personal communication to IEJT, and tested in the Martine Lab (gels available upon request), for the sample to be free of any salts. Therefore, desalting the DNA with this or another protocol is recommended. This also provides an opportunity to hit this concentration target and volume during re-elution.  Although RNA is theoretically not a problem, it’s a safer bet to RNase during DNA extraction.  For those samples that were not, one can perform a post-extraction RNase, then desalt and re-elute as described here. 

Stock Solution (Recipes and methods upon request to IEJT):
CTAB: for 1L of CTAB buffer, mix into an autoclaved bottle
100 mL of 1 M Tris, pH 8.0

280 mL of 5 M NaCl

40 mL of 0.5 M EDTA

20 g of CTAB (Cetyltrimethyl ammonium bromide, Amresco cat#:0833-1kg)
bring to volume in a graduated cylinder with ddH2O
10% Sarkosyl


0.1g of sarkosyl


100 mL ddH2O

microfilter the final solution into an autoclaved bottle
TE buffer: 
10 mM 10 mL of 1 M Tris, pH 8.0

1 mM 2 mL of 0.5 M EDTA

1 M Tris, pH 8.0: for 1 L

121.1 g Tris (Fisher Cat#: BP152-5)

~700 mL ddH2O

Dissolve Tris and bring to 900 mL.

pH to 8.0 with concentrated HCl (will need ~50 mL)

Bring to 1 L with ddH2O with a graduated cylinder.


microfilter the final solution into an autoclaved bottle
0.5 M EDTA pH 8.0: for 1 L

186.12 g of EDTA (Fisher Cat#: BP120-1)

~750 mL ddH2O

Add about 20 g of NaOH pellets

Slowly add more NaOH until pH is 8.0, EDTA will not dissolve until the pH is

near 8.0.
Bring to 1 L with ddH2O with a graduated cylinder.


microfilter the final solution into an autoclaved bottle
5 M NaCl: for 1 L
292.2 g of NaCl (Fisher Cat#: BP358-10)

~700 mL ddH2O

Bring to 1 L with ddH2O with a graduated cylinder.


microfilter the final solution into an autoclaved bottle
Rnase A stock solution

Add the stock solution to clean water to achieve a concentraiton of 10 μg/mL. Use the thermocycler and divide 1 mL of the solution into strip tubes. Incubate the solution at 100ºC for 10 minutes, bring to room temperature slowly. Follow the protocol „RNASE” on the thermocycler.

Aliquot the stock solutions into 50 μL portions and store at -20ºC.
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