HC70AL     SPRING 2004    PROFESSOR BOB GOLDBERG


WEEKS 9 & 10 (May 31-June 11, 2004)

IDENTIFYING A SEED POOL CONTAINING A KNOCKOUT LINE

Purpose: To identify a knockout line for the gene of interest for characterizing phenotype of a mutant plant.

Reference: University of Wisconsin - Madison Knockout Facility

Information:

After verifying a DNA pool (for example, DNA pool # 124) containing a knockout line, a SEED pool (for example, CSH124) with corresponding DNA pool number is ordered through the Arabidopsis Seed Stock Center at Ohio State University.

For every DNA pool, there are 25 tubes of SEED pools. Each tube contains ONE SEED pool, which contains seeds derived from 9 parental plants (or 9 lines). One of these 25 tubes contains the seeds for your knockout plants. Each tube has approximately 250 seeds that are enough for DNA isolation and for growing up plants for identifying knockout plants.

STRATEGY

A. IMBIBING SEEDS OF SEED POOLS IN STERILE WATER

B. EXTRACTING GENOMIC DNA FROM IMBIBED SEEDS

C. IDENTIFYING A SEED POOL CONTAINING THE KNOCKOUT LINE
A. IMBIBING SEEDS OF SEED POOLS IN STERILE WATER

Purpose: To generate seedlings for genomic DNA extraction.

Caution: Be extremely CAREFUL with SEED pools. Do NOT mix seeds from one pool to another. Work with one SEED pool at the time!

Materials and Reagents Needed:

· Seeds from the Arabidopsis Seed Stock Center

· A Lamina flow hood

· A growth chamber (Percival) with constant light

· An orbital shaker

· Test tube racks

· Sterile 14-mL disposable tubes

· White Xerox paper

· 95% ethanol solution

· 70% ethanol solution for sterilization the flow hood

· Sterile water

· P1000 pipetman

· 10-mL disposable pipets

PROCEDURE

1.  Turn ON a Lamina flow hood for tissue culture work in room 2829.

2.  Sterilize the hood by spraying with 70% ethanol solution (for every 100 mL of 70% ethanol 

solution, there are 70 mL of 100% ethanol and 30 mL of distilled water).

3.  Leave the hood ON until use.

4.  Either on a lab bench in the lab or the bench of the Lamina flow hood, open a can 

containing 25 tubes of Arabidopsis seeds received from the Arabidopsis Seed 

Stock Center.

5.  Organize these 25 tubes according to their seed spool numbers on a microcentrifuge 

rack.

6.  Open a new bag of 25 sterile 14-mL disposable tubes.

7.  Set tubes on a test tube rack.

8.  Write numbers on14-mL tubes corresponding to the SEED pool numbers.

9.  Cut 8 sheets of white Xerox paper into quarters (total of 32 pieces).

10.  Fold each quarter in half, lengthwise.

11.  Gently, pour out seeds from the microcentrifuge tube onto ONE piece of the folded paper.

12.  Count 100 seeds in the first SEED pool using a sterile toothpick. 

Note: Notice the size of 100 seeds so that you can estimate the approximate size of 

~100 seeds for the remaining 24 seed subpools without counting each of 24 SEED pools.

13.  Carefully, transfer 100 seeds to a new piece of paper.

14.  Put the remaining seeds back to its original tube.

15.  Transfer 100 seeds of the subpool #X to the 14-mL tube #X. Close the tube with its 

snap cap.

16.  Discard the folded paper piece.

17.  Obtain another piece of folded paper.

18.  Pour out seeds from the next SEED pool #.  Estimate the size of the seeds 

representing ~100 seeds.

19.  Transfer ~100 seeds to the next 14-mL tube with label corresponding to SEED pool #.

20.  Repeat steps 13-16 for the remaining SEED pools.

21.  In the flow hood, pipet 500 L of 95% ethanol solution to each 14-mL tube containing 

seeds.

22.  Swirl gently to ensure that seeds are completely submerged in the ethanol solution.

23.  Leave seeds in the ethanol solution for 5 minutes.

24.  Carefully, pipet off the ethanol solution using a P1000 pipetman by placing the 

opening of the pipet tip against the bottom of the 14-mL tube so that ONLY 

ethanol is pipetted off. 

Note: if seeds are in the pipet tip, pipet the ethanol solution and seeds back to 

the tube. Then, pipet off the ethanol solution ONLY.

25.  Let the seeds dry in the tubes (leave the caps OFF the tubes) in the flow hood for 

10-60 minutes (the less amount of ethanol in the tubes the shorter the drying period.) 

26.  Once the seeds are dry, pipet in each tube 5 mL of sterile water. Swirl to dispense 

seeds in the water. Note: dry seeds will not stick to the wall of the tube when you tap 

the tube on the bench of the Lamina flow hood.

27.  Transfer the rack of tubes containing seeds in the cold room (4oC) for one to three days.

28.  Transfer the rack of tubes to a shaker in a growth chamber (Percival) in room 

2829 under constant light.

29.  Incubate seeds for 5 days. After 5 days, the seeds germinate showing seedlings each 

with two green cotyledons, hypocotyl, and roots.

B. EXTRACTING GENOMIC DNA FROM IMBIBED SEEDS

Purpose: To isolate genomic DNA from SEED pools for identifying a SEED pool containing a knockout line for the gene of interest.

Recommendation:
Instead of working with 25 tubes at once, you can start with the FIRST 10 tubes from step 8 on. Once you are done with the first 10 tubes, you can proceed with the remaining 15 tubes.

Materials and Reagents Needed:

· Seedlings from imbibed seeds

· Sterile 1.5-mL microcentrifuge tubes

· PCR (aerosol-barrier) pipet tips

· Microcentrifuge-tube racks

· Microcentrifuge

· P200 and P1000 pipetman

· 80% ethanol solution

· TE buffer (10 mM Tris-HCl, pH 8.0; 1 mM EDTA, pH 8.0)

· Extraction Buffer (0.2 M Tris-HCl, pH 9.0; 0.4 M LiCl; 25 mM EDTA; 1% SDS)

· Isopropanol

· 1 mg/mL Hoesch dye H33258 solution

· TKO Mini Fluorometer (Hoefer Scientific Instruments)

PROCEDURE

1.  Prepare two sets of 25 sterile 1.5-mL microcentrifuge tubes on two microcentrifuge- 

tube racks.

2.  Label on lids of the tubes with SEED pool numbers.

3.  Take out tubes containing imbibed seeds from the growth chamber in room 2829.

4.  Organize tubes such that the SEED pool # on the 14-mL tubes corresponding to pool # on 

the microcentrifuge tubes.

5.  Pour off ~4 mL of sterile water in the tube containing seeds. 

Note: Be extremely careful NOT to pour off the seedlings.

6.  Swirl the seedlings in the remaining volume of water.

7.  Quickly, transfer the seedlings and water to the appropriate labeled microcentrifuge tube.


Note: Make sure that the number on the 14-mL tubes corresponds to the number on 

the microcentrifuge tubes. Do NOT mix up the numbers!!!!!

8.  After transfer all seedlings and their water to the microcentrifuge tubes, centrifuge 

the FIRST 10 tubes at room temperature for 1 minute.

9.  Pipet off the water as much as possible.

10.  Pipet 100 L of Extraction Buffer to each of 10 tubes containing the seedlings.

11.  Set tubes on the rack on the bench.

12.  Homogenize the seedlings in the extraction buffer by crushing them with a blue 

micro-pestle until no more chunks of plant tissues observed in the mixture. 

Note: Do NOT dispose the micro-pestle, but follow step 13.

13.  Rinse the micro-pestle with 300 L of Extraction buffer. The total volume of 

Extraction Buffer is 400 L.

14.  Vortex the homogenate for 20 seconds. 

15.  Set the tube on ice.

16.  Repeat steps 12-15 for other tubes.

17.  Centrifuge tubes of homogenates at room temperature for 5 minutes at full speed.

18.  Meanwhile, pipet 350 L of isopropanol to each of labeled tubes.


Note: Make sure that the number on centrifuged tubes correspond to the number 

on the tubes on the rack.

19.  After centrifugation, transfer tubes from the microcentrifuge onto a microcentrifuge-

tube rack.

20.  Organize tubes such that the numbers on tubes are matching with each other.

21.  Pipet 350 L of supernatant (homogenate) from the centrifuged tubes to the 

corresponding tubes containing isopropanol. 

Note: AVOID pipetting plant debris on the bottom of the tubes as much as possible. 

Don't panic if you accidentally transfer some plant debris into the isopropanol tube. 

22.  Mix the isopropanol and homogenate by inverting the tube 5-10 times.

23.  Incubate the mixture at room temperature for 5 minutes to precipitate nucleic acids 

(both genomic DNA and total RNA).

24.  Centrifuge tubes at room temperature for 10 minutes.

25.  Pour off the supernatant. Note: Be extremely careful when pouring off isopropanol

because the pellets are loose.

26.  Add 1 mL of 80% ethanol solution to each pellet. Close the lid of the tube and invert 

it five times. This step is to wash off any residual amount of salts (in the extraction 

buffer) and isopropanol.

27.  Centrifuge the tubes at room temperature for 5 minutes.

28.  Pour off the supernatant. Dab the tubes on Kimwipes tissues to remove as much ethanol as 

possible. Note: Be extremely careful when pouring off the ethanol solution because the 

pellet is loose.

29.  Put the tubes on a microcentrifuge-tube rack with their lids opened allowing ethanol 

to be evaporated. 

30.  Dry pellets on the bench at room temperature for 60-90 minutes.

31.  Meanwhile, work with the SECOND 15 tubes of seedlings starting with step 8.

32.  After drying the pellets, resuspend each pellet with 50 or 100 L of TE buffer. Spin tubes 

in a microcentrifuge for 30 seconds to bring down liquid to the bottom of the tubes.

33.  Store DNA solutions at 4oC (refrigerator) until used.

34. Spin tubes of DNA solutions in a microcentrifuge at 13,200 rpm for 2 minutes to bring 

down any contaminated plant debris or carbohydrates in the solutions to the bottom of 

the tubes.

35. Determine DNA concentration of extracted DNA solutions using a Fluorometer and 

Hoesch dye.  (Your TAs will demonstrate how to use the Fluorometer).

Question: Why use the Fluorometer instead of the Nanodrop spectrophometer to 

determine DNA concentration for these DNA solutions?

Answer: Two following reasons:

a. Because the major components in the DNA solutions are ribosomal RNAs and

tRNAs, the concentration of DNA detemined by the Nanodrop or any other 

spectrophotometer reflects mostly the concentration of RNAs. Thus, you still do not 

know the DNA concentration of your DNA solutions.

b. Property of Hoesch dye H33258 allows us to estimate DNA concentration of the 

DNA samples containing RNAs (see explanation taken from the Instruction 

Manual for TKO 100 Dedicated Mini Fluorometer - Hoefer Scientific Instruments)

Table: Excitation and Excitation Spectra of Hoesch Dye H33258

	 
	Excitation Spectrum peaks at
	Emission Spectrum peaks at

	Absence of DNA
	356 nm
	492 nm

	Presence of DNA
	365 nm
	458 nm


The fluorescence enhancement provided by using the H33258 dye has been shown to 

be highly specific for DNA, binding preferentially to A-T rich regions (Brunk et al., 

1979; Labarca and Paigen, 1980). The dye binds twice as well to double-stranded 

DNA as to single-stranded DNA, but does not appear to intercalate (Brunk et al., 

1979).

RNA enhances the fluorescence of H33258 to a much smaller extent than DNA. Under 

high salt conditions, in which chromatin proteins are fully dissociated from DNA 

leading to the increase the fluorescence enhancement of the DNA/dye complex, RNA 

enhancement is usually well below 1% of that produced by the same concentration by 

weight of DNA (Labarca and Paigen, 1980). For this reason, the presence of RNA in 

the sample does not interfere with the quantitation of DNA. Because RNA does not 

compete with DNA for binding with H33258, it is, therefore, extremely useful for 

estimating the DNA content of samples containing RNA.

References:

Brunk, C. F., Jones, K.C., and James, T.W. (1979). Assay for nanogram quantities of 

DNA in cellular homogenates. Anal. Biochem. 92: 497-500. 

Labarca, C. and Paigen, K. (1980). A simple, rapid, and sensitive DNA assay 

procedure. Anal. Biochem. 102: 344-352.

35. Dilute 5 L of original DNA solutions to a final concentration of 0.2 ng/mL with TE buffer. 

Note: Dilution of DNA solutions would serve two purposes: (a) contaminants, such as carbohydrates that bind nonspecifically to nucleic acids and proteins, in DNA solutions will be diluted out. Therefore, a tiny amount of contaminants in PCR reactions will not interfere with the amplification of targeted DNA. (b) ONLY small amount of Arabidopsis genomic DNA (~0.4 ng) is needed for the PCR amplification.

C. IDENTIFYING A SEED POOL CONTAINING THE KNOCKOUT LINE

Purpose: To determine a SEED pool containing a knockout line for the gene of interest.

Materials  and Reagents Needed:

· 12 M Forward primer for the gene of interest

· 12 M Reverse primer for the gene of interest

· 12 M JL202 primer (Left Border (LB) region of T-DNA)

· 12 M Tubulin-Forward primer

· 12 M Tubulin-Reverse primer

· 10X Ex-Taq buffer

· dNTP Mix

· Ex-Taq DNA polymerase

· Sterile water

· PCR solution of a super pool containing the knockout line served as the positive control

· PCR solution of a DNA pool containing the knockout line served as the positive control

· DNA ladder

· PCR Machine (Applied Biosystems GeneAmp 9700 or BioRad MyCycler)

· 0.2 mL PCR tubes

· 1.5 mL microcentrifuge tubes

· P10 Pipetman

· P20 Pipetman

· P100 Pipetman

· P200 Pipetman

· PCR rack for 0.2 mL PCR tubes

· Rack for 1.5 mL microcentrifuge tubes

· Filtered Pipet tips (1-40 L and 1-200 L) for PCR

· Ice bucket

· Gloves

· Microcentrifuge

· Agarose

· Gel apparatus

· Gel Documentation System

PROCEDURE

Note: There are 25 SEED pools, 2 positive controls (PCR solutions from the positive super pool and DNA pool), 2 negative controls (genomic DNA from wild type plant and No DNA template). Therefore, you prepare a master mix for 33 reactions, including extra reactions.

1. Label 29 PCR tubes and put them on a PCR rack sitting on ice.

2. Prepare a master mix for 33 PCR reactions (29 reactions + 4 extra) in a 1.5 mL microcentrifuge tube sitting on ice. 

Note: The reaction volume is reduced from 50 L to 25 L.

	
	ONE reaction
	Master mix


	Sterile water
	16.0 L
	528.0 L

	10x Ex-Taq buffer
	2.5 L
	82.5 L

	dNTP mix
	2.0 L
	66.0 L

	12 M Tubulin Forward primer
	0.5 L
	16.5 L

	12 M Tubulin Reverse primer
	0.5 L
	16.5 L

	12 M Gene-specific Forward/Reverse primer
	0.5 L
	16.5 L

	12 M JL202 primer

	0.5 L
	16.5 L

	Ex-Taq DNA polymerase (5 U/L)
	0.5 L
	16.5 L

	Total Volume

	23.0 L
	759.0 L


3. Vortex for the tube containing the master mix for 5 seconds. Spin the tube in a microcentrifuge for 10 seconds. Put the tube back on ice.

4. Pipet 23 L of the master mix into each of 29 PCR tubes.

5. Pipet 2 L
of 0.2 ng/L genomic DNA extracted from each of 25 SEED pools into each of the FIRST 25 tubes. Pipet up and down for five times to mix the contents. Put the first tube back on ice and work on the remaining tubes.

6. Pipet 2 L
of 0.2 ng/L genomic DNA extracted from wild type (Ws) plant into tube # 26. Pipet up and down to mix the contents.

7. Pipet 1 L
of PCR solutions from the positive super pool and DNA pool into tubes # 27 and 28, respectively. Pipet up and down to mix the contents.

8. Pipet 1 L
of sterile water to tubes # 27 and 28.

9. Pipet 2 L
of sterile water to tube# 29 (negative control without DNA template). Pipet up and down to mix the contents.

10. Put the tubes on the wells of the PCR machine.

11. Perform PCR with the "KNOCKOUT" program with the following profile:

1 cycle of Hot start or 96oC for 3 minutes

36 cycles of 94oC, 15 seconds -> 65oC, 30 seconds -> 72oC, 2 minutes

1 cycle of 72oC, 4 minutes

4oC, ∞

12. Prepare a 1% agarose gel in 1X TAE buffer with a 40-tooth comb.

13. Label 29 1.5-mL microcentrifuge tubes and set them on a rack.

14. Add 2 L of loading dye to each tube.

15. Pipet 10 L of PCR solutions to each tube.

16. Load samples on the 1% agarose gel along with 10 L of 50 ng/L of diluted DNA ladder 

solution on each side of the gel.

17. Run the gel at 105 volts for 1-2 hours or until the front dye (bromophenol blue) is 

two-thirds of the gel.

18. Stop the gel electrophoresis.

19. Take a picture of the gel.

20. Analyze data.
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