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[Abstract] DNA fragmentation with length corresponding to multiple integer of approximately 180 

base pairs is a distinct feature of apoptosis in animals and programmed cell death in plants. This 

feature can simply be detected by DNA gel electrophoresis followed by ethidium bromide staining, 

although in some cases it is difficult to distinguish the DNA laddering. We herein describe a 

protocol to detect a programmed cell death-associated DNA laddering of plant tissues. After 

agarose-gel electrophoresis of genomic DNA, Southern hybridization using DIG-labeled genomic 

DNA probe is performed, that improves detection of DNA laddering. 

 

Materials and Reagents 
 

1. Fresh plant tissues 

2. Nucleon PhytoPure DNA extraction kits (General Electric Company, catalog number: 

RPN8510) 

3. GeneMate LE Agarose (BioExpress, catalog number: E-3120) 

4. Biodyne Plus Nylon Membrane (Pall, catalog number: 60406) 

5. Wizard DNA Clean-Up System (Promega, catalog number: A7280) 

6. DIG-High Prime DNA Labeling and Detection Starter Kit II (Roche Diagnostics, catalog 

number: 11585614910) 

7. X-ray film 

8. Saline sodium citrate (SSC)  
9. Depurination solution (see Recipes) 

10. Denaturation solution (see Recipes) 

11. Neutralization solution (see Recipes) 

12. 1x TAE buffer (see Recipes) 

 
Equipment 
 

1. Plastic container for gel and membrane treatment 

2. Centrifuge (Eppendorf, model: 5415R)  
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3. Spectrophotometer (Shimadzu, model: BioSpec-nano) 

4. Shaker (BIO CRAFT, model: BC-700) 

5. Vacuum transfer apparatus (BIO CRAFT, model: BS-31) 

6. Hybridization oven and UV crosslinker  (UVP, model: HybriLinker HL-2000) 

7. Vacuum concentrator  (SavantTM, model: DNA SpeedVac DNA110) 

8. Hybridization incubator (TAITEC, model: HB-80) 

 

Procedure 
 

1. Grind plant tissues in liquid nitrogen and extract genomic DNA using PhytoPure 

according to user manual. 

Notes:  

a. Isopropanol precipitation is done at -20 °C for at least 30 min. 

b. Other plant genomic DNA isolation procedures are acceptable. 

2. Quantity and quality of the isolated genomic DNAs are checked by spectrophotometer 

and/or agarose gel electrophoresis. 

Note: We used DNAs with OD260/280 > 1.8. 

3. 1-5 μg of genomic DNAs are loaded to a 2% agarose gel. 

Note: 100-bp ladder marker is also loaded to estimate the molecular weight of 

fragmented DNA.  

Note: Smaller amount (< 1 μg) of DNA may be possible to detect, although we have 

never tried it. 

4. Electrophoresis at 50 volt for 2 h in 1x TAE buffer. 

Note: We used an agarose gel of 110 x 100 x 6 mm.  

5. Ethidium bromide staining and exposure to ultraviolet light.  

Note: Check the positions of the bands of molecular marker in the gel. 

6. Place the agarose gel into a plastic container in depurination solution (250 ml) and gently 

agitate on a shaker for 10 min (or until bromophenol blue turned yellow). 

Note: The depurination solution partially hydrolyzes large DNA fragments to help 

sufficient transfer of DNA fragments. 

7. Rinse the gel by dH2O for three times. 

8. Treat the gel in denaturation solution (250 ml) for 15 min twice. 

Note: The denaturation solution denatures double-stranded DNA for efficient 

hybridization.  

9. Rinse the gel by dH2O for three times. 

10. Treat the gel in neutralization solution (250 ml) for 15 min twice. 

Note: The neutralization solution neutralizes pH of the gel. 
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11. Place the gel on a vacuum transfer apparatus with Biodyne Plus membrane presoaked in 

20x SSC buffer and perform transfer for 2 h according to the manufacturer’s instructions. 

Note: Filter blotting using 20x SSC is optional. 

12. Fix the DNA to the membrane by UV crosslinking and wash the membrane with sterilized 

dH2O. 

Notes:  

a. The membrane is wrapped in Saran Wrap prior to exposure to UV. 

b. UV energy dosage is 120 mJ/cm2. 

13. Dry the membrane. 

Note: This dried membrane can be stored in wrap at 4 °C. 

14. Preparation of DIG-labeled probe. 

a. Digest 2 μg of genomic DNA by 50 units of restriction enzyme at 37 °C for 12 h. 

Note: 4-base cutters (e.g., HaeIII, MspI) are suitable. 

b. Purify the DNA using Wizard DNA Clean-Up System. 

Note: Phenol-chloroform extraction and ethanol precipitation is optional. 

c. Dry the purified DNA solution using vacuum concentrator. 

d. Resolve the DNA with 16 μl of sterilized dH2O. 

e. Boil the DNA sample for 10 min and chill on ice to maintain the denatured single-

strand DNA. 

f. Add 4 μl of DIG-High Prime (5x conc.) and mix. 

g. Incubate for 20 h at 37 °C. 

h. Stop the reaction by heating to 65 °C for 10 min. 

i. The reaction mixture can be stored at -20 °C. 

15. Place the membrane in a hybridization bottle and perform pre-hybridization for at least 

one hour and hybridization over-night using DIG Easy Hyb at 44 °C in a hybridization 

oven. 

Note: In the case of the probe above mentioned, 2-3 μl of probe is added to the 5 ml 

hybridization buffer.  

16. Wash the membrane into a plastic container with 1x SSC and 0.2% SDS at 68 °C in a 

hybridization incubator for 15 min twice. 

Note: Shake the container as fast as possible, making sure that the membrane keeps 

moving, and the solution should be changed every time. 

17. Wash the membrane into a plastic container with 0.1x SSC and 0.5% SDS at 68 °C in a 

hybridization incubator for 20 min twice. 

18. Perform detection according to the DIG-High Prime DNA Labeling and Detection Starter 

Kit II user manual.  
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19. Expose chemiluminescent signal to X-ray film or to an imager. DNA laddering is 

visualized (Figure 1). 

 

 
Figure 1. Detection of DNA laddering. Seedlings of Arabidopsis wild-type (WT) and 

ire1a/b mutant were treated with tunicamycin (5 µg/ml) for 48 h. (A) Ethidium bromide 

staining of genomic DNAs extracted form aerial parts of seedlings. M, 100-bp ladder 

marker. (B) Southern blot of the agarose gel in (A) hybridized with DIG-labeled 

HaeIII/MspI-digested Arabidopsis genomic DNA probe. 

 

Recipes 
 

1. Depurination solution (500 ml) 

Mix 25 ml of 5 N HCl (0.25 N) with 475 ml of dH2O 

Stored at room temperature 

2. Denaturation solution (500 ml) 

10 g of NaOH (0.5 N) 

43.83 g of NaCl (1.5 M) 

Add dH2O to 500 ml 

Stored at room temperature 

3. Neutralization solution (500 ml) 

30.3 g of Tris (0.5 M) 

87.66 g of NaCl (3 N) 
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Add dH2O to 450 ml 

Adjust pH to 7.5 by conc. HCl 

Add dH2O to 500 ml 

Stored at room temperature 

4. 1x TAE buffer  

40 mM Tris-acetate  

1 mM EDTA 
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