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DNA Extraction
Title of Lesson: DNA Extraction from Marine Mussel Gill Tissue

Objective:  To remove and isolate genetic material (DNA) from marine mussel tissue for downstream applications

Designed by: Cristie Kirlin and Dr. Simona Bartl (sbartl@mlml.calstate.edu), modified from Qiagen DNEasy Tissue Handbook
Background

This activity fulfills the following Science Standards:

· California State
· Chemistry 

· Grade 8: 6c

· Grades 9-12: 6, 7, 8

· Biology

· Grade 7: 2e, 3a

· Grades 9-12: 2, 7

· Investigation and Experimentation

· Grade 7: a

· Grade 8: a

· Grades 9-12: b

· National (grades 6-12)
· Content Standard A: Science as Inquiry

· Content Standard C: Life Science

· Content Standard E: Science and Technology
Safety

When working with chemicals, always wear a lab coat, disposable gloves, and protective goggles. For more information about chemicals, consult the appropriate material safety data sheets (MSDSs). Sheets for all Qiagen kit components are available online at www.qiagen.com/ts/msds.asp
RNase A is harmful, and may cause sensitization by inhalation and skin contact. In case of contact with skin, wash with water and soap immediately. In case of contact with eyes, rinse immediately with plenty of water and seek medical advice. If swallowed, seek medical advice immediately.

Buffers AL and AW1 contain guanidine hydrochloride, which can form highly reactive compounds when combined with bleach. If liquid containing these buffers is spilt, clean with suitable laboratory detergent and water, 

The following risk and safety information applies to the components of the DNeasy Tissue Kits

· Buffer AL and Buffer AW1: contain guanidine hydrochloride-harmful if swallowed, irritating to eyes and skin. In case of contact with eyes, rinse immediately with plenty of water and seek medical advice. If swallowed, seek medical advice immediately and show container or label.

· Proteinase K: contains Proteinase K-sensitizer, irritating to eyes, respiratory system and skin. May cause sensitization by inhalation and skin contact. Do not breathe spray. In case of contact with eyes, rinse immediately with plenty of water and seek medical advice.

Materials/Resources 

In order to complete this lesson, the following materials are needed for 40 DNA extractions.  

Suggested organization: One DNA extraction per student and 4 students per group OR 2 DNA extractions per student and 2 students per group.  Thus, each group will need reagents for 4 extractions.  Attempting more than 40 extractions per class is not recommended.

· Qiagen DNEasy kit (contains DNeasy Mini Spin Columns in 2 ml collection tubes, collection tubes, Buffer ATL, Buffer AL, Buffer AW1 concentrate, Buffer AW2 concentrate, Buffer AE, Proteinase K, handbook. Store at room temperature for up to one year; see handbook for longer storage.)

· 100% ethanol (200 μl per extraction, 8 ml for 40 extractions; plus additional volume for diluting concentrated Buffers AW1 & AW2)

· **Optional: RNase A  (4 μl per extraction, 160 μl per 40 extractions; plus additional volume for aliquots; see handbook for instructions on when to use RNase A.)

· 1.5 ml centrifuge tubes (2 per extraction, plus 7 per group) 

· Pipette tips (1 box each of 200 μl and 1000 μl per group)

· Tube racks (1 per group)

· Liquid waste containers with lid for non-hazardous waste (e.g. plastic 50 ml tubes, 1 per group)

· Solid waste containers (e.g. plastic 500 ml beakers, 1 per group)
· Pipetters (1 set of 20 μl, 200 μl, and 1000 μl per group)

· Microcentrifuges (3 are ideal for 40 extractions with 1 that can spin up to 13,000 rpm)

· Vortexer

· Water bath or heat block (with enough capacity to hold 40 – 1.5 ml tubes)

· Gloves (1 pair per student)

· Safety goggles (1 pair per student)

Procedure                     
Time needed for lesson

· Pre-lab: 1.5 hours each day for 40 extractions

· Lab: at least two 50-minute periods 

Day 1 Pre-lab: 

1. Heat water bath or heat block to 55ºC.

2. Label and aliquot one 1.5 ml tube per extraction with 180 μl of Buffer ATL and 20 μl of Proteinase K (store at room temperature for up to 1 week).
3. Distribute to each station the following: 4 tubes with Buffer ATL and Proteinase K, 4 – 1.5 ml tubes, 4 spin columns with collection tubes.

DNeasy kits come with extra collection tubes that collect liquid waste during centrifugation. We have adapted this protocol to use one collection tube per extraction to reduce waste. If desired, new collection tubes may be used at steps 8 and 10. See the DNeasy handbook for more information.

Day 1 Lab:

***When pipetting, remember to not touch the tube contents already present when adding reagents, and to use clean, new pipette tips for each step!!!  (Students should practice these techniques prior to starting this activity.) 
1. Put on gloves and safety goggles, and cover exposed skin.

      Proteinase K is a harmful substance that is irritating to eyes and skin.

2. Label each of the following with the name of your sample  
a. One tube with Buffer ATL and Proteinase K (this is your sample tube)

b. One spin column with collection tube (to be used the following day)

c. One capped 1.5 ml tube for final DNA (to be used the following day)

3. Cut up 25 mg of gill tissue (about 3-4 rice grains worth) into small pieces, and add to your sample tube.  This step should be done within a few minutes of dissection to avoid DNA degradation. 

4. Vortex each tube for 5 seconds to mix. 
5. Incubate tubes in a heat block or water bath at 55ºC overnight.  If possible, vortex tubes occasionally during incubation. 
Time needed to complete lysis depends on tissue.  Sufficient lysis can occur in 1-2 hours but overnight lysis is a good way to split up this exercise into 2 class periods. If you cannot continue the protocol immediately, samples can be stored at this stage at room temperature for up to 6 months with no adverse effects. 

Day 2 Pre-lab:

1. Heat water bath or heat block to 70oC. (Sample tubes can be stored at room temperature until the start of lab.) 

2. Aliquot reagents into volumes large enough to be used by each group. The following table shows volumes needed for one extraction (each DNA sample) and four extractions (each group of samples). 

 Remember to add a bit of extra volume to each tube, as some liquid will stick to the sides.
	Reagent
	1 extraction
	4 extractions

	100% ethanol
	200 μl
	800 μl

	Buffer AL
	200 μl
	800 μl

	Buffer AW1
	500 μl
	2 ml

	Buffer AW2
	500 μl
	2 ml

	Buffer AE
	200 μl
	800 μl

	RNase (optional)  
	4 μl
	16 μl


3. Distribute one set of aliquoted reagents to each station. 

4. If time is limited (i.e. 50 minute period and many extractions), it may be best to do Day 2 steps 1-4 or 1-7 for the students before class starts.

Day 2 Lab:

1. Put on gloves and safety goggles, and cover exposed skin. 

     RNase and Buffers AL and AW1 are harmful substances that are irritating to eyes and skin. 

2. Remove tubes from heat block or water bath and add 4 μl of RNase A to each sample tube above the contents already in the tube.  Discard tip between each sample.  

***RNase A breaks down RNA, which will coelute with DNA if untreated. This is an optional step to aid in DNA quantification. If DNA quantification is unnecessary, skip to step 5.

3. Vortex to mix.  Centrifuge at low speed (2000 rpm) for 5 seconds to collect liquid at bottom of the tube. 

4. Incubate at room temperature for 2 minutes. 

5. Uncap carefully. Add 200 μl of Buffer AL to each sample tube above the contents already in the tube.  Discard tip between each sample. 

6. Vortex each tube for 5 seconds. 

7. Incubate tubes in a heat block or water bath at 70ºC for 10 minutes. 

8. Centrifuge at low speed (2000 rpm) for 5 seconds to collect liquid at bottom of the tube.  

9. Uncap carefully.  Add 200 μl of 100% ethanol to each sample tube above the contents already in the tube.  Discard tip between each sample.

10. Vortex each tube for 5 seconds.  Centrifuge at low speed (2000 rpm) for 5 seconds to collect liquid at bottom of the tube, IF NEEDED. 

***At each step involving the Spin Column, always take care not to touch the column material (the flat white surface) or the column sides with your pipette tip. 

11. Carefully uncap your sample tube, and transfer the ENTIRE fluid mixture to the labeled Spin Column. Close the cap and centrifuge at 8000 rpm for 1 minute. If the solution has not completely passed through the membrane, centrifuge again at 8000 rpm for 1 minute. 
A quick way to transfer the mixture is to pour it onto the Spin Column, then use the pipetter to transfer any residual liquid that has remained in the sample tube

12. Remove the Spin Column from the collection tube, pour the filtrate (liquid) from the collection tube into the liquid waste container to discard, and replace the Spin Column back into the empty collection tube. Your DNA is now inside your column.
13. Carefully drop 500 μl of Buffer AW1 onto the middle of each Spin Column.  Close the cap and centrifuge at 8000 rpm for 1 minute. 

14. Remove the Spin Column from the collection tube, discard the filtrate (liquid) and replace the Spin Column back into the empty collection tube.

15. Carefully drop 500 μl of Buffer AW2 onto the middle of each Spin Column. Close the cap and centrifuge at 13,000 rpm for 3 minutes. 

If your machine does not reach this speed, you can centrifuge at 11,000 rpm for 5 minutes or even longer for slower speeds.

16. Remove the Spin Column from the collection tube, discard the filtrate (liquid) and replace the Spin Column back into the empty collection tube.

17. To remove residual Buffer AW2, centrifuge the Spin Columns at 13,000 rpm for 1 minute. 

If your machine does not reach this speed, you can centrifuge at 11,000 rpm for 3 minutes.

18. Remove the Spin Column carefully from collection tube so it does not touch the liquid. Place the Spin Column in a new labeled 1.5 ml tube. Discard the collection tube containing the filtrate.

19. Carefully drop 200 μl of Buffer AE onto the middle of each Spin Column and cap the Spin Column tubes.  Leave the 1.5 ml tube cap open but be very careful not to touch the inside of the cap. 

20. Incubate the tubes at room temperature for 5 minutes. 

21. Place each column into a clean collection tube.  To elute DNA, centrifuge the tubes at 8000 rpm for 1 minute. The liquid in the bottom of your tube has your DNA sample.  Pipette the liquid (~200ul) into a clean, labeled 1.5mL tube for storage and cap securely.  Discard the Spin Column. 

22. Store samples at 4 oC for short-term storage (up to two weeks); store at -20oC for long-term storage.

23. Quantify DNA concentration using the Nanodrop ND1000.  Alternatively, you can use electrophoresis of a 0.8% agarose gel to visualize and quantify DNA.
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