DIG Non-Radioactive DNA Hybridization 
By Tamara Miller
Adapted from the protocol of sugarcane Southern hybridisation from BSES Limited 
and Guoquan Liu, School of Agriculture and Food Sciences, 
The University of Queensland, Brisbane QLD 4072, Australia
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Important Items to note before starting:
http://www.roche-applied-science.com/publications/print_mat/dig_application_manual.pdf
1. Read this protocol entirely before starting.
2. The protocol was adapted for doing Southerns to test for independent insertion of transgenes in sorghum, so the information contained within has been optimized for this purpose. However, one could use the same protocol for other plants or different probes, but optimization of several key factors must be done beforehand. The amount of gDNA used for each sample, the length of the probe, concentration of probe and temperature for hybridization, stringency and temperature of post-hyb. washes, amount of AP conjugate to apply after blocking and the length of exposure to autoradiography film are all key factors that must be investigated empirically for each new application.

3. Before each step, prepare all needed reaction vessels and reagents. Many of them need to be pre-sterilized or autoclaved.

4. For DNA isolation from sorghum, it is best to harvest very young leaf tissue because it is more easily ground with liquid N and DNA yield tends to be higher compared to when older, more fibrous tissue is used. The Hybrid Phenol DNA isolation protocol works very well for getting high DNA yields, ONLY if the initial grinding step is done well and the samples are kept very cold. Make sure to store the DNA in Tris-EDTA, as EDTA will inhibit DNAses that degrade it.

5. Prior to using the DNA for restriction digestion, make sure to check the concentration and quality of each sample on an agarose gel. I usually run 1ul of each thoroughly homogenized sample on a 0.8% TAE gel and compare it to a 1 ug standard so that I know approximately how many ug per ul there are for each. For the initial restriction digest the DNA added for 15 ug will vary for every sample, along with the corresponding amount of water needed to make the total reaction volume be 100 ul.
6. After blots with total digested genomic DNA have been prepared, one may store the blots in a sealed plastic bag at -20 C for a long time before probing.
Digestion of genomic DNA
1. After isolating gDNA from young sorghum tissue, run 1 ul of each sample on a 0.8% agarose gel (1X TAE) alongside 2 ug, 1 ug, and 0.5 ug of WT gDNA into separate lanes. Compare the intensity of these standards to the intensities of the samples in order to estimate the concentration. The nanodrop cannot be used for this step unless the RNA is first removed from the prep. and gDNA is precipitated. Based on this estimation, calculate how many ul of each sample to take for 15 ug of gDNA. 

a. Note: The nanodrop does not discriminate between DNA and RNA, so in order to quantify only dsDNA one must use a gel. Not only this, but by using a gel one can see whether or not the dsDNA has been degraded. If it is degraded it will show up on the gel as a continuous smear rather than a clearly defined band.

2. Digest each sample DNA (15 ug for sorghum) using appropriate enzyme(s) in a total volume of 100 μl; incubate overnight at 37 C (incubation temperature depends on the enzyme used, so check beforehand for which temp is appropriate). Also make sure to digest two aliquots of 15 ug of WT DNA: one aliquot will be spiked with plasmid DNA and will serve as the positive control, whereas the second aliquot will be used as a negative control. For screening Tx430 sorghum transformed with pPZP112, pPZP212 or any derivative of those plasmids which contains the NptII selection cassette, I digest the gDNA with HindIII because it doesn’t cut within the NptII gene (the rule for picking the enzyme is to choose one that cuts 0-1 times within the sequence used for the probe).
(It is useful to digest additional control samples to check for complete digestion prior to running Southern gel).
3. Add additional enzyme if required; incubate for a further few hours.

Concentration of digested DNA
1. Add 10 μl (1/10 volume) 3M sodium acetate into the digestion tube. Flick to mix.
2. Add 220 μl (2 times volume) 100% ethanol in the same tube. Flick to mix.
3. Store the tube in -80℃ for 1 hour.
4. Spin (14 000rpm) in bench top centrifuge for 20 mins. Make sure to have the hinge of the tube facing out so that you know the DNA will accumulate during centrifugation on the side with the hinge (this matters because it is difficult to see the DNA so you need to predict where it will be after centrifugation so that when you pipette off the ethanol you know where to put the tip so you don’t suck up the DNA).
5. Add 500 μl 70% ethanol and flick vigorously to mix.
6. Spin (14 000rpm) in bench top centrifuge for 20 mins.

7. Vacuum dry for 10 mins, or longer, so that the DNA is completely dry.
8. Add 15 μl TE buffer to dissolve digested DNA.

9. Add 5 μl 6X gel loading dye.
Gel Electrophoresis and Capillary Transfer
The following reagents and sterile items must be prepared AND autoclaved before starting the electrophoresis and capillary transfer steps. See attached recipes. I normally make 2 L of each buffer at a time to ensure I have an adequate amount before starting.
1. Depurination buffer

2. Denaturation buffer

3. Neutralization buffer

4. 2x SSC

5. 20X SSC
6. Low stringency buffer

7. High stringency buffer

8. Sterile water

9. Sterile baking dish

10. Sterile plastic dish that is larger than the membrane
11. Clean a DNA gel mold, comb and gel electrophoresis box thoroughly with diH2O. Add fresh 1X TAE buffer to the electrophoresis box and make a “fresh” gel with new buffer and agarose. The size of the gel you use depends on the size of the membrane the DNA will be transferred to. For the 10 cm x 15 cm Roche N+ membranes you can fit 13 lanes on one membrane, so use the 15 cm x 15 cm mold. Make the following:
a. Add 200 mL of 1X TAE to a clean 0.5 L flask
b. Add 1.6 g (0.8% w/v) LE agarose powder to the TAE and melt in the microwave for 1.5 min. Take it out and gently swirl, then melt for another 1.5 min.

c. Wait until the gel cools enough to touch the flask and add 20 ul of 10 mg/mL EtBr (wear gloves!) Swirl gently to mix and pour very slowly into the mold. Allow it to solidify completely without disturbing the mold.

d. Note: the Roche DIG manual says that using EtBr for the gel electrophoresis can produce background on the membrane, but I have not found this to be an important factor for getting blots with high signal/background.
12. For preparation of positive and negative controls: for the positive control add 11.7 pg of pPZP112 plasmid to one of the 15 ug aliquots of WT DNA digested with HindIII. The negative control is the second aliquot of digested WT DNA.

13. Loading the gel with digested DNA: load DNA marker (I use 10 ul of Fermentas Generuler 1 Kb ladder) into lane 1 of the gel. Skip one lane and load 20 ul of positive control DNA and negative control (non-transgenic line), then load all the test samples (transgenic lines) and record the order you added them.
14. Run the gel until loading dye runs to just 1 cm before the bottom edge of the gel (normally, 25-28 V overnight). You can do a faster electrophoresis to separate the DNA, however when you do this the DNA fragments will not resolve very well and will “smile” instead of being clean horizontal bands.
15. Before leaving the gel overnight, make sure you have ALL materials and reagents needed for the next steps to transfer the DNA from the gel onto the N+ membrane because once the electrophoresis is stopped, you have a limited time to transfer the DNA before it diffuses away from its original position in the gel.
16. Photograph the gel with a fluorescent ruler next to it (to aid in size determination of the bands hybridized to the probe). Line up the 0 cm mark of the ruler precisely at the end of the wells and make sure to take a photograph where you can see the marks in the ruler. The goal is to take one or more photos where you see both the DNA marker AND the marks in the ruler. You may have to take one photo over-exposed to see the DNA marker and then lower the exposure without changing the position of the gel to take another photo that shows the marks in the ruler.

17. Place the gel on a clean plexi glass plate and cut it with a sterile razor:

a. Cut the ladder and half of the empty lane off.

b. After the well with the last sample, cut through the middle of the next empty well.

c. Cut horizontally through the middle of the wells (you’re cutting off the top portion where there is no DNA, but you still need to be able to see where each well is). Also cut a notch in the bottom left corner of the gel for easy orientation of the gel in later steps. The size of the gel you have just cut must be the exact size of the membrane you use for the transfer. Record the dimensions of the gel and while the gel is incubating during the following steps, cut the membrane and Whatman 3MM papers to those dimensions. Do not forget to notch the membrane in the lower left hand corner as was done with the gel.
18. Do the Depurination, Denaturation, Neutralisation and Equilibration steps in a sterile baking dish.

19. Depurination–cover the gel in Depurination Buffer and incubate for 15 mins with gentle agitation.

20. While lightly holding the gel in place, pour out the depurination buffer and rinse the gel 2 times with sterile water.
21. Denaturation – Cover the gel in Denaturation Buffer and incubate for 30 mins with gentle agitation.
22. Neutralisation – Cover the gel in Neutralisation Buffer and incubate for 30 mins with gentle agitation.

23. Equilibrate the gel in 20x SSC for 10 mins. During this step, use a razor to cut the membrane (Roche positively charged Nylon), and 2 sheets of Whatman 3MM paper to the exact size of the gel. Notch the membrane on the lower left hand corner. (the membrane must be the same size as the gel to allow for accurate estimation of the molecular weights of each band that hybridizes to the probe.
(Note:  from this point on powder free gloves should be used as the powder may cause background on the membrane.  Never touch the membrane with your hands (even gloved hands).  Always use a pair of flat-faced forceps, ensuring they are clean.)

Capillary Transfer

1. Before setting up the transfer apparatus place the membrane in a sterile dish and cover it with 2X SSC.
2. Separately, place a stack of plexi glass plates inside a clean baking dish.

3. Place a piece of 3MM paper over the plate that hangs over the edges.

4. Fill the dish with 20X SSC almost to the top of the glass plates. Wet the 3MM paper on the top of the plates.

5. Flip the gel over so that the open side of the wells faces down and place the gel on the 3MM paper. Roll out bubbles with a glass Pasteur pipette.

6. Holding the membrane on one side with two forceps, place it on the gel so that it is perfectly fit over the top (try to place it in one try).
7. Put saran wrap around the gel to keep the buffer from transferring directly from the reservoir to the paper towels (a.k.a. short circuiting).

8. Place the 2 Whatman 3MM papers cut to the size of the gel on top of the membrane.

9. Place a stack of paper towels on top of the 3 MM papers.

10. Place a book that is not much larger than the stack of towels on top and weight it down with something heavy, such as a water-bath weight.

11. All the DNA to transfer to the membrane for 4-16 hours (this can be done overnight).
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Picture of the capillary transfer apparatus from the Roche DIG Filter Application Manual 
12. Disassemble the blot by taking off the paper towels and 3MM papers. Pick up the blot+gel, keeping them together and flip them over so the gel is on top, laying them, membrane down, on a clean piece of 3MM paper. Mark the position of the wells on the membrane using a soft pencil (through the agarose gel). Remove the gel and discard in EtBr waste box.
13. Wash membrane 2 x 2 mins with 2x SSC in a sterile tray.

14. Place membrane loosely between 2 sheets of Whatman 3MM paper. 
15. Crosslink transferred DNA with membrane (UVC-508 Ultraviolet Crosslinker, ENERGY: 1200, TIME: 5.0)
16. Membrane can now be stored in a sealed bag at -20°C (or 4°C), or continued through to hybridization and detection.

DIG -11-dUTP labeling of PCR probes

Note:  the size of the probe and the concentration of DIG may have a significant effect on the outcome of your blot (ie. not enough probe and you won’t detect your genes of interest; too much probe will cause severe background on your membrane). The size of the probe should be at least 0.5 Kb. The following protocol is specific for obtaining an NptII probe which can be used to screen transgenic sorghum or other plants transformed with NptII. Please refer to the following information about the NptII probe I used for screening NptII+ sorghum.
Sequence of entire NptII cds in pPZP212 and pPZP112 binary vectors:

NptII-1 primer
NptII-2 primer
Probe resulting from PCR with above primers = 722 bp

CATGGGGATTGAACAAGATGGATTGCACGCAGGTTCTCCGGCCGCTTGGGTGGAGAGGCTATTCGGCTATGACTGGGCACAACAGACAATCGGCTGCTCTGATGCCGCCGTGTTTCGGCTGTCAGCGCAGGGGCGCCCGGTTCTTTTTGTCAAGACCGACCTGTCCGGTGCCCTGAATGAACTCCAGGACGAGGCAGCGCGGCTATCGTGGCTGGCCACGACGGGCGTTCCTTGCGCAGCTGTGCTCGACGTTGTCACTGAAGCGGGAAGGGACTGGCTGCTATTGGGCGAAGTGCCGGGGCAGGATCTCCTGTCATCTCACCTTGCTCCTGCCGAGAAAGTATCCATCATGGCTGATGCAATGCGGCGGCTGCATACGCTTGATCCGGCTACCTGCCCATTCGACCACCAAGCGAAACATCGCATCGAGCGAGCACGTACTCGGATGGAAGCCGGTCTTGTCGATCAGGATGATCTGGACGAAGAGCATCAGGGGCTCGCGCCAGCCGAACTGTTCGCCAGGCTCAAGGCGCGCATGCCCGACGGCGAGGATCTCGTCGTGACACATGGCGATGCCTGCTTGCCGAATATCATGGTGGAAAATGGCCGCTTTTCTGGATTCATCGACTGTGGCCGGCTGGGTGTGGCGGACCGCTATCAGGACATAGCGTTGGCTACCCGTGATATTGCTGAAGAGCTTGGCGGCGAATGGGCTGACCGCTTCCTCGTGCTTTACGGTATCGCCGCTCCCGATTCGCAGCGCATCGCCTTCTATCGCCTTCTTGACGAGTTCTTCTGA
PCR to label probe with DIG-dUTP
1. Before doing the labelling reaction, optimize the PCR so that the desired probe sequence is the only amplification product.

2. Set up the following reaction in a sterile 0.2 mL PCR tube. Also set up a separate reaction with the same components, but substitute the PCR DIG labelling mix with 10 mM dNTPs. This second reaction serves as a control.
Forward primer 10 uM                       


  
  1 μL

Reverse primer 10 uM             


  
  1 μL

10x thermopol buffer
(NEB)

 
             
  2 μL

MgCl2 (25mM)                                                                      1.5 μL
PCR DIG labelling mix (Roche Cat # 11 585 550 910)
  2 μL

ddH2O






         11.8 μL

NEB Taq polymerase




            0.2μL

Template DNA (plasmid 10 ng/ μL)


            0.5μL


Total volume






20 μL

3. Run 1 – 2 μL of DIG probe PCR on a 1% agarose gel against 1 – 2μL of unlabelled template PCR product.

(Note:  the labelled probe will run higher due to incorporation of the DIG)
4. Remove salts and enzyme from the PCR reaction by using a PCR clean-up kit.

5. Quantify the probe using the Nanodrop and adjust the concentration to10 ng/ul.

6. Store DIG labelled probe at -20°C.  Ensure minimal freeze-thawing.

Hybridization

Hybridization temperature calculation for 722 bp NptII probe (based on calculation provided in the Roche manual

Tm= 49.82 + 0.41(60% GC) – (600/722 bp)

Tm= 73.58

Topt = Tm – 20 C

Topt= 53 C 

Note: The original protocol provided by Guoquan Liu, which uses the exact same probe as used here for NptII detection, calls for a hybridization temperature of 42 C, which is different from that found in the calculation. Despite this, I have used a hyb. Temperature of 42 C successfully and found using this lower temperature doesn’t cause problems with the probe’s specificity to the target DNA
The following materials must be prepared before starting:

Hybridization bottle(s) (washed and autoclaved)

Flat-head forceps (autoclaved)

ddH2O (autoclaved)

Hybridization solution (Roche DIG Easy Hyb Granules Cat # 11 796 895 001);  Suspend the granules by adding 64 mL autoclaved ddH2O in 2 aliquots stir well. Incubate at 37 C until it’s completely dissolved. Having the granules be thoroughly dissolved is very important.
Pre-quantified probe that has been purified using a PCR clean-up kit (I filter sterilize the water used to elute the probe from the silica column during gel isolation using a 0.45 uM syringe filter).
Pre-sterilized Microepp. tube with 50 ul filter steriled water in it (to put the probe in during the denaturation step).
Note:  do not allow the membrane to dry out at any time during the hybridization or washes, as this will cause background.  Do not touch the membrane using even gloved hands and always use forceps. Do not let the membrane fold over onto itself.
1. Pre-warm Roche DIG Easy Hyb Solution to 42 C in the hybridization oven. For every 100 cm2 membrane prepare two 20 mL aliquots of hyb. solution in 2 sterile 50 mL conical tubes. 

2. Put a small amount of sterile water in the bottom of a clean hybridization bottle and place the membrane, DNA side facing in, into the bottle. Wet the membrane and re-position the membrane so there are no bubbles between it and the bottle. 
3. Pour out the water and add one aliquot of the pre-warmed hybridization solution to the bottle. Immediately cap it and gently move the hyb. solution so that it completely wets the membrane. Try not to introduce any bubbles during any of the hybridization steps as doing so will produce background on the membrane. Quickly put the bottle back in the oven and rotate the bottle at 5 rpm for 1 hour.
4. Denature the DIG labelled probe prior to adding it to the second aliquot of hyb. solution: For my NptII DIG Southerns I used 10 ng/mL of the probe, so for 20 mL of hyb. solution I used 200 ng of probe.
a. In a sterile epp tube add 50 uL filter sterilized water and probe for 10 ng/mL hyb. solution.
b. Bring a water bath to a full rolling boil (never use a heating block to denature the probe). before placing the tube with the probe in it. Incubate the tube in the boiling water for a full 5 minutes.

c. Immediately place the tube on ice for an additional 5 minutes. 

5. Quickly put the denatured probe solution in the second aliquot of hyb. buffer without allowing it to cool. Pour out the pre-hyb. solution in the hybridization bottle with the membrane and add the hyb.+probe solution. Do not pour the probe solution directly onto the membrane. Once added, immediately seal the bottle and rotate it so the solution covers the membrane.
6. Incubate the membrane + plus at 42°C overnight with continual rotation at ~ 6 rpm.
Washing

(Note:  larger volumes should try to be used during the washes, as this ensures better washing and further minimizes background on the membrane.  All washes should have a reasonable amount of shaking. Also, extreme care must be taken to keep the membrane from drying, i.e. DO NOT drip dry it to wick off excess buffer and have all buffers and reagents prepared and ready to go before proceeding to whichever next step.)
1. Pre-heat the hybridization oven to 70 C.

2. Carefully remove membrane to a suitably sized container.
3. Wash membrane 2 x 5 mins @ room temperature (RT) in Low-Stringency Wash Buffer (2x SSC / 0.1% SDS).

a. Note: If the hyb. oven is not at 70 C by the end of this step, leave the membrane shaking in the Low stringency Buffer until it is. During step 3 pre-warm the High-Stringency buffer (0.1x SSC / 0.1% SDS) to 70 C in the microwave.
4. Fill a clean hyb. bottle with the pre-warmed High Stringency buffer and then take the membrane directly from the Low Stringency Buffer and quickly put it in the hyb. bottle with the buffer. While positioning the membrane, periodically wash buffer over it to insure it doesn’t dry out. The bottle should be ~1/2 full with High Stringency Buffer. Wash membrane 2 x 15 mins while rotating at ~9 rpm in the hybridization oven.
5. Wash membrane 1 x 5 mins @ RT in Wash Buffer (Maleic Acid Buffer + 0.3% Tween-20).

Blocking

(Note:  make fresh blocking solution on the day of the washes.) 

1. Blocking Solution:  Add 6 g of skim milk powder (available in any supermarket) to 200mL of Maleic Acid Buffer.  Heat in microwave for 30 seconds then stir it continuously for ~10 minutes.  Place in ice bucket until reaches RT.  Make 200 mL of Blocking Solution per membrane.

2. In a sterile plastic tray, add Blocking Solution and the membrane.  

3. Incubate membrane for 2 hours at RT with constant shaking.
Antibody Incubation

(Roche antibody:  “Anti-digoxigenin-AP Fab fragments” Cat # 11 093 274 910; 

150U (200μL).  Stored at 2-8°C.)

(Note:  before using the antibody you should always centrifuge the tube for 5 mins at 14K rpm to pellet any antibody debris, as this causes background (dots) on the membrane. When withdrawing the AP conjugate from the tube, pipette it slowly from the top of the solution.)

1. For 100 cm2 membrane pour 20 mL Blocking Solution into a sterile 50mL Falcon tube.  Add AP conjugate and mix by gentle inversion (See note below for dilution calculation).  Position membrane in a hyb. bottle without letting it dry and pour the blocking solution + AP conjugate into the bottle. Immediately seal the bottle and turn it to distribute the antibody solution over the membrane. 
a. Add AP conjugate for a 1:20,000 dilution to blocking solution: Stock solution is 750 U/mL ( dilute to 37.5 mU/mL by adding 1 ul to 20 mL blocking solution.
2. Incubate with constant rotation at RT, ~9 rpm for no more than 30 minutes.
a. Note: do not allow membrane to incubate with the conjugate for more than 30 minutes, as doing so will cause there to be background.
3. Remove membrane and place in plastic container. Wash membrane 3 x 10 mins at RT in Wash Buffer.

4. Equilibrate membrane in Detection Buffer for 5 mins at RT.
Detection

(Roche CDP-star Ready to Use Chemiluminescence substrate: Cat# 1204167700; Stored at 2-8°C, dark.)

1. Place membrane in-between 2 acetate sheets.

2. Using Flat Head forceps to grasp the membrane at the edge take membrane from the container with detection buffer and very briefly let the buffer drip off (do NOT do this for longer than a couple of seconds as doing so will cause the membrane to dry out) Place the wet membrane in between 2 acetate sheets and squirt Roche CDP-star Ready to Use over it so the entire membrane is covered.
3. Close the acetate sheets.  In a circular motion, gently smooth over with a tissue to remove any air bubbles and to spread the CDP-star.

4. Allow to incubate for 5 mins.

5. Squeeze out excess liquid with a tissue.

6. Seal acetate sheets very close to the membrane with a Heat Sealer.

Place membrane in cassette.  
7. Expose to film (Amersham® Hyperfilm® ECL™ and MP Autoradiography Films, GE Healthcare; VWR cat#: 95017-653 ) until the desired signal is achieved (I expose the film for 20 minutes, however one could do various times to find out what gives the clearest signal).
Recipes 

Depurination Buffer (0.2M HCl)






1L

ddH2O



980mL

conc. HCl


20mL


Store at RT 1 month.

Denaturation Buffer






1L
1.5 M NaCl


87.66g

0.5 M NaOH


20g

Store at RT 3 months.

Neutralisation Buffer






1L
1.5 M NaCl


87.66g

0.5 M Tris-base

60.50g

pH to 7.5 with conc HCl

Store at RT 3 months.

20x SSC






2L
3M NaCl


350.6g

0.3M Tri-Sodium Citrate
176.4g

pH to 7.0 with HCl

Autoclave 121°C 15min *not necessary

Low Stringency Wash Buffer (2x SSC / 0.1% SDS)

For 1L, 100mL 20x SSC + 10mL 10% SDS.

High Stringency Wash Buffer (0.1x SSC / 0.1% SDS)

For 1L, 5mL 20x SSC + 10mL 10% SDS.

Maleic Acid Buffer






2L
0.1M Maleic Acid

23.214g

0.15M NaCl


17.532g

pH to 7.5 with NaOH pellets (approx 16.5g)

Autoclave 121°C 15min.  
Wash Buffer

Maleic Acid Buffer + 0.3% Tween-20

(ie. 1L Maleic Acid Buffer + 3mL Tween-20)

Blocking Solution

3% Skim Milk Powder in Maleic Acid Buffer

(ie. 3g Skim Milk Powder per 100mL Maleic Acid Buffer)

Warm in microwave for 30 seconds and then stir for 10 minutes.

Detection Buffer






1L
0.1M Tris-base

12.11g

0.1M NaCl


5.84g

pH to 9.5

Stripping Buffer






1L
0.2M NaOH


8g

0.1% SDS (w/v)

10mL of 10% SDS.

Rinse membrane in ddH2O.  

Incubate in Stripping Buffer 37 ℃ 30 mins.

Rinse in 2x SSC.

(Keep membrane moist).

