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EXTRACTION AND QUANTITATION OF DNA FROM BIOLOGICAL MATERIALS

The methods delineated here assume prior training in and familiarity with forensic DNA typing. Because not all forensic situations may be foreseen, changes may occasionally be made to these methods at the analyst’s discretion in order to accommodate a particular sample.

Reagents are listed in Appendix A.

I.  EXTRACTION OF DNA FROM BIOLOGICAL MATERIALS

Whenever possible, the analyst should ensure that sufficient sample is remaining for possible reanalysis. If the entire sample must be consumed in order to obtain an interpretable result, the analyst should confer with the submitter prior to analysis in order to ensure that the legal implications of destruction of the sample have been properly considered.

Reasonable care should be taken to ensure that the risk of inadvertent transfer between high and low DNA concentration samples is minimized. This may include processing the samples at a different time or space and/or processing only a few samples at a time.

NOTE: Sample preparation and DNA extraction are never to take place in the same room where PCR amplification is conducted.

Controls for Extraction
Controls are required in order to assess the quantity and quality of a DNA sample as well as the effectiveness, accuracy and precision of the analytical procedures in a particular case. Evaluation of the controls is essential to the proper interpretation of test results.

Extraction control: The purpose of this control is to ensure that the extraction procedure worked properly. This control may be either a bloodstain or other biological material from a previously characterized source which is extracted and typed concurrently with the case samples. At least one extraction control must be included with each case.

Quality Control (QC) sample: The purpose of this control is to ensure that the analytical process worked properly. This sample is a bloodstain from a previously characterized source which is extracted and typed concurrently with the case samples. It serves as an internal blind control as the correct typing results are unknown to the analyst until the analysis is completed. At least one QC sample must be included with each case.  

Reagent blank: The purpose of this control is to detect contamination which might occur from the reagents or between the samples being processed. A reagent blank is carried through the entire analytical process and includes all of the reagents used in the extraction of a set of samples. Each separate extraction set (e.g. evidence set, reference set) should have its own reagent blank.

Substrate control: When appropriate, an unstained portion of the substrate adjacent to the questioned stain should be sampled and run through the analytical process. This sample may be useful in assessing possible background DNA which might occur from the substrate.
A. ORGANIC EXTRACTION OF DNA FROM BIOLOGICAL MATERIALS

DNA is isolated through an organic extraction procedure that separates DNA from other cellular materials.

Reagent volumes may be altered in order to accommodate the size of a particular sample.

1.  Cut a stain into medium-sized pieces and place the pieces into a 1.5-mL tube.  

     Biological material deposited on a hard or bulky substrate should be scraped or swabbed as appropriate and placed in a 1.5-mL tube.

     Place approximately 0.5-1.0 cm of hair root into a 1.5-mL tube. A similar size portion of the adjacent shaft should also be extracted as a control.

     Pulp from teeth should be scraped out, or if necessary, the tooth may be crushed and placed directly into a 1.5-mL tube. Insoluble material should be spun out prior to phenol extraction.

     Bone should be shaved, crushed or drilled and placed directly into a 1.5-mL tube.  Insoluble material should be spun out prior to phenol extraction.

     Samples not described here should be treated as deemed appropriate by the analyst.

2.  Add 400 L of stain extraction buffer (SEB).

     Add 10 L of 20 mg/mL Proteinase K (ProK).

     For hairs, add 3 mg of DTT.

     Ensure that the cuttings are in the liquid.

3.  Incubate at 56SYMBOL 176 \f "Symbol"C for SYMBOL 126 \f "Symbol"2 hours.

4.  Add an additional 10 L of ProK to the tube.

5.  Incubate at 56SYMBOL 176 \f "Symbol"C overnight. For freshly prepared reference bloodstains, this second incubation may be shortened to SYMBOL 126 \f "Symbol"2 hours.

NOTE:  Alternately, perform the first digestion overnight, followed by the addition of more ProK and a short incubation the following day.

6.  Agitate fabric and remove, squeezing out as much liquid as possible.  

     If “piggybacking” is necessary:  


Punch several holes in the lid of a tube and place the sample pieces in the lid. Cover the lid and contents tightly with a piece of parafilm. Spin for SYMBOL 126 \f "Symbol"5 minutes in the microfuge. Remove the cuttings and cap. Place a new cap on the tube.

7.  Add an equal volume (typically 400 L) of phenol/chloroform/isoamyl alcohol.  Shake the tube by hand to achieve a milky emulsion. Spin the tube to achieve phase separation and compression of the interface (typically 2-5 minutes).

WARNING! CHEMICAL HAZARD! Phenol/chloroform is corrosive, highly toxic, and a suspected teratogen. Use in a fume hood. Avoid skin contact and inhalation. Wear lab coat, gloves and protective eyewear when handling.

8.  Transfer aqueous phase (top layer) to a new tube without disturbing the interface.

9.  Do additional organic extractions as in step 7 until the interface is clean and the aqueous phase clear, then do one more extraction (usually 2-3 extractions total is sufficient).

The results of organic extraction may vary depending on the condition of the sample. The analyst should use his/her judgment in continuing to process the sample. Sometimes it is desirable to perform subsequent extractions with pure chloroform or butanol in order to remove residual phenol or to reduce the sample volume, respectively. 

10. Add the sample to SYMBOL 126 \f "Symbol"1.7 mL of TE-4 in a Centricon(-100.

Spin for 20 minutes at (1000 x g.

Do two additional washes with 2 mL of TE-4. The middle wash spin time may be shortened to 10 minutes.
Collect retentate into cup by inverting the Centricon and spinning 2 minutes at (500 x g.

Transfer the retentate to a microfuge tube, approximating the amount recovered.

11.  Proceed to DNA quantitation by yield gel and/or slot blot.

B. DIFFERENTIAL EXTRACTION OF DNA FROM BODY FLUID/SEMEN  

     MIXTURES

DNA is isolated through an organic extraction procedure that separates DNA from other cellular materials. In cases of sexual assault, the evidence may contain a mixture of spermatozoa and epithelial cells. Prior to organic extraction, the cellular components of such a mixture can be differentially separated so that the sperm and epithelial cell fractions can be isolated and analyzed independently. Although this approach may not result in an absolute separation, it generally can provide a sperm fraction which is relatively free of non-sperm DNA.

Reagent volumes may be altered in order to accommodate the size of a particular sample.

At times, it may be acceptable to skip the PBS soak and begin with step 5, i.e. when hospital slides are available for evaluation or when additional material is being extracted.

1.  Cut the substrate into medium-sized pieces and place the pieces into a 1.5-mL tube.  

2.  Incubate in 400 L of PBS for SYMBOL 126 \f "Symbol"1 hour at 4SYMBOL 176 \f "Symbol"C.

3.  Vortex 15-30 seconds to loosen cells. Agitate substrate and remove, squeezing out as much liquid as possible. Save the substrate for step 5. Spin for SYMBOL 126 \f "Symbol"5 minutes in a microfuge. Carefully remove all except SYMBOL 126 \f "Symbol"50 L of the supernatant (aqueous extract) and store at -20SYMBOL 176 \f "Symbol"C.

If “piggybacking” is necessary:  


Punch several holes in the lid of a tube and place the sample pieces in the lid.  Cover the lid and contents tightly with a piece of parafilm. Spin for SYMBOL 126 \f "Symbol"5 minutes in a microfuge. Remove the cuttings and the cap, saving the substrate for step 5. Place a new cap on the tube. Carefully remove all except SYMBOL 126 \f "Symbol"50 L of the supernatant (aqueous extract) and freeze at -20SYMBOL 176 \f "Symbol"C.

4.  Resuspend the cellular pellet in the SYMBOL 126 \f "Symbol"50 L of liquid remaining and remove 3 L to a microscope slide. Heat-dry slide.

5.  Replace the sample substrate from step 3 into the tube. 

Add 400 L of stain extraction buffer (SEB).

Add 10 L of 20 mg/mL Proteinase K (ProK).

Incubate SYMBOL 126 \f "Symbol"1 hour at 56SYMBOL 176 \f "Symbol"C.

     Stain slides as follows and examine microscopically:

Stain sample area with nuclear fast red for 10-15 minutes.

Rinse gently with water.

Stain with picroindigocarmine solution for SYMBOL 126 \f "Symbol"10 seconds.

Rinse with EtOH.  Air dry slide.

6.  Vortex 15-30 seconds in order to loosen sperm cells. Agitate substrate and remove, squeezing out as much liquid as possible. If necessary, piggyback the fabric, parafilm the top and microfuge 2-5 minutes.

7.  Carefully transfer all except SYMBOL 126 \f "Symbol"50 L of the supernatant (epithelial cell fraction) to a separate labeled tube and reserve (or return to 56SYMBOL 176 \f "Symbol"C incubation).

8.  Add 400-1000 L of PBS, gently resuspend sperm pellet and microfuge 3-5 minutes. Carefully remove all except SYMBOL 126 \f "Symbol"50 L of the supernatant and discard. Repeat this step leaving SYMBOL 126 \f "Symbol"50 L each time. The number of wash steps may be varied at the analyst's discretion depending on the condition of the sample. A total of 3 washes is usually adequate; however, more washes are generally desirable in instances where high epithelial cell DNA and low sperm cell DNA is anticipated. After the last wash, mix the remaining SYMBOL 126 \f "Symbol"50 L as well as possible and remove 3 L to a microscope slide. Heat-dry the slide. 


Slide staining and examination should be done at this time as in step 5 above.

If epithelial cells remain, either return the epithelial cell fraction to the tube, or add an additional 400 SYMBOL 109 \f "Symbol"L of SEB and 10 SYMBOL 109 \f "Symbol"L of ProK, incubate for SYMBOL 126 \f "Symbol"30 minutes at 56SYMBOL 176 \f "Symbol"C and repeat step 8.

9.  Prepare a master-mix containing the following for each sample plus one:


400 L of SEB


10 L of ProK


3 mg of fresh DTT

     Add 410 L of this master-mix to each tube and incubate at 56SYMBOL 176 \f "Symbol"C for SYMBOL 126 \f "Symbol"2 hours.

NOTE:  If the epithelial cell fraction is not already in the 56SYMBOL 176 \f "Symbol"C bath, return it to 56SYMBOL 176 \f "Symbol"C at this time.

     Add another 10 L of ProK to each fraction and continue incubating at 56SYMBOL 176 \f "Symbol"C overnight.

NOTE:
 Alternately, perform the first digestion overnight, followed by the addition of more ProK and a short incubation the following day.

10.  Add an equal volume (typically 400 L) of phenol/chloroform/isoamyl alcohol.  Shake the tube by hand to achieve a milky emulsion in the tube. Spin the tube to achieve phase separation and compression of the interface (typically 2-5 minutes).

WARNING! CHEMICAL HAZARD! Phenol/chloroform is corrosive, highly toxic and a suspected teratogen. Use in a fume hood. Avoid skin contact and inhalation. Wear lab coat, gloves and protective eyewear when handling.

11.  Transfer aqueous phase (top layer) to a new tube without disturbing the interface.

12.  Do additional organic extractions as in step 10 until the interface is clean and the aqueous phase clear, then do one more extraction (usually 2-3 extractions total is sufficient).

The results of organic extraction may vary depending on the condition of the sample.  The analyst should use his/her judgment in continuing to process the sample. Sometimes it is desirable to perform subsequent extractions with pure chloroform or butanol in order to remove residual phenol or to reduce the sample volume, respectively. 

13. Add the sample to SYMBOL 126 \f "Symbol"1.7 mL of TE-4 in a Centricon(-100.

Spin for 20 minutes at (1000 x g.

Do two additional washes with 2 mL of TE-4. The middle wash spin time may be shortened to 10 minutes.
Collect retentate into cup by inverting the Centricon and spinning 2 minutes at (500 x g.

Transfer the retentate to a microfuge tube, approximating the amount recovered.

14.  Proceed to DNA quantitation by yield gel and/or slot blot.

C. EXTRACTION OF SULFUR DYES FROM DNA ISOLATED FROM       

     BIOLOGICAL MATERIALS ON DENIM

Sulfide-based denim dyes co-extract with DNA and may inhibit both DNA restriction and amplification. When appropriate, these sulfur dyes should be removed from the aqueous extract using thiopropyl Sepharose beads.

When treating a case sample to remove sulfur dyes, any associated substrate controls and reagent blanks, as well as the extraction control(s), should also be treated to control for the dye extraction procedure.

Bead Preparation (sufficient for SYMBOL 126 \f "Symbol"3 samples)

1. Hydrate an SYMBOL 126 \f "Symbol"100 SYMBOL 109 \f "Symbol"L equivalent of dry, thiopropyl-activated Sepharose 6B (Sigma T-8387 or equivalent) beads in 1 mL of sterile dH20 for SYMBOL 126 \f "Symbol"5 minutes at room temperature, mixing occasionally by inversion.

2. Microfuge for SYMBOL 126 \f "Symbol"2 minutes to pellet the beads. Discard the supernatant. Wash 3X with 1 mL of sterile dH20 discarding the supernatant after each wash.

3. Add an equal volume of sterile dH20 to the pelleted beads. Resuspend thoroughly and transfer a 200 SYMBOL 109 \f "Symbol"L aliquot, using a large bore pipette tip, into a separate microfuge tube for each sample. Microfuge the aliquot for 2 minutes and discard the supernatant. The volume of the hydrated beads should be SYMBOL 126 \f "Symbol"100 SYMBOL 109 \f "Symbol"L.

Dye Extraction
4. Add the SYMBOL 126 \f "Symbol"400 SYMBOL 109 \f "Symbol"L aqueous phase (after the last organic extraction) to the pelleted beads (from step 3 above). Incubate 15 minutes at room temperature, mixing occasionally by inversion.  

NOTE:  If dye is being extracted from a concentrated sample (i.e. post-Centricon), bring the volume up to SYMBOL 126 \f "Symbol"400 SYMBOL 109 \f "Symbol"L with TE-4.

5. Microfuge for 5 minutes to pellet the beads. Transfer the supernatant to a clean tube making sure to avoid bead carry-over.  

NOTE:  If the sample is to be Centricon-filtered after dye extraction, the supernatant can be transferred directly to a Centricon-100 previously loaded with SYMBOL 126 \f "Symbol"1.5-mL of TE-4.
6. Wash the beads with an equal volume (SYMBOL 126 \f "Symbol"100 SYMBOL 109 \f "Symbol"L) of TE-4 for 5 minutes at room temperature, mixing occasionally by inversion. Microfuge for 5 minutes to pellet the beads. Combine the bead-free supernatant with the supernatant from step 5.

7. If filtering by Centricon, continue from Section A, step 10.

8. Proceed to DNA quantitation by yield gel and/or slot blot.

II. DNA QUANTITATION

Some estimation of the potential DNA content of the sample should be conducted. A yield gel may be used by itself or in concert with a slot blot to assess both the quality and the quantity of total (human and microbial) DNA. When there is an indication from the source or appearance of the sample that DNA recovery may be very low, the analyst may choose to forego yield gel analysis, and perform only slot blot quantitation using a probe that recognizes human DNA 

A. YIELD GEL FOR ASSESSING THE QUALITY AND QUANTITY OF DNA 

Standards and Controls

In addition to any extraction reagent blanks, extraction controls (e.g. QC samples) and substrate controls, the following standard and control samples should be included once on every origin:

(Hind III: A sample of digested viral DNA is run on the yield gel to help assess the amount of degradation of the extracted samples and to control for the electrophoresis. Typically, seven (Hind III fragments ranging in size from 23 kb down to 564 bp can be detected on a yield gel when 150 ng is loaded.

Quantitative standards: Dilutions of high molecular weight (HMW) human DNA are used as semi-quantitative standards. Typically, these standards are run in the range of 250 ng down to 6 ng. The dilutions provided in the DOJ/DNA yield gel kit cover this DNA concentration range.

Procedure

1.
Combine 2-3 L of DNA extract with 1-2 L of bromophenol blue (BB) loading buffer solution.

2.
Prepare a test gel:

All gels use 1% LE agarose in 1X TBE buffer supplemented with 0.5 g/mL ethidium bromide (EtBr). Alternatively, EtBr may be omitted and the gel stained after the run in a staining tray containing a solution with the same EtBr concentration.

WARNING! CHEMICAL HAZARD! Ethidium bromide is an irritant and a mutagen. Avoid skin contact and inhalation. Wear lab coat, gloves and protective eyewear when handling.

Both the size of the gel and the number of origins depend on the number of samples to be tested. Refer to Appendix B for the appropriate buffer volume to prepare a 7 mm gel thickness for each size gel tray.


Prepare a sufficient volume of 1X TBE for both the gel and the tank buffer.


Weigh out the appropriate amount of LE agarose into a flask or bottle.


Add the appropriate volume of 1X TBE.


Using the microwave oven, bring the solution to a boil to dissolve the agarose.


Place an appropriate size comb(s) into the gel tray.

If using, add the EtBr (5 (L of 10 mg/mL EtBr per 100 mL of buffer).


When it is SYMBOL 126 \f "Symbol"60SYMBOL 176 \f "Symbol"C, pour the agarose into gel tray.


Let the gel stand until solid.

3
Pour 1X TBE buffer into the electrophoresis tank. 

4.
Place the gel into the tank with the well comb at the cathodic end. The buffer should cover the gel to a depth of SYMBOL 126 \f "Symbol"3 mm (refer to appendix B). Remove the comb(s).

NOTE.  Well #1 is defined as the well at the left side of the gel. Samples are pipetted into the wells with the gel submerged.

5. Load 6 L (150 ng) of (Hind III (previously heated to 65SYMBOL 176 \f "Symbol"C for 5 minutes) to the first well.  Load 6 L of each of the DOJ/DNA yield gel kit standards (for a range of 250 ng to 6 ng). Load the case samples.

6.
Run the gel at a constant voltage of (100 volts. When the B(B tracking dye has moved SYMBOL 126 \f "Symbol"2 cm from the origin, the run can be stopped. For 12 cm x 14 cm gels, this should take about 45 minutes.

7.
Wearing UV-protective eyewear, photograph the gel on a UV transilluminator set on low. For example: 


Polaroid #57 film: f4.5/5.6, 1 second, Wratten 23A (orange) filter in place.


Polaroid #55 film: f4.5, 20-30 seconds, Wratten 23A filter in place.

8. From the photograph, visually assess the quality and quantity of the DNA in the case samples using the evaluation and interpretation guidelines described below.

Evaluation and Interpretation

The goal of the evaluation and interpretation of the yield gel results is to determine both the quantity and the quality of the DNA in a case sample. The following guidelines should be applied in making this determination:
(
In order to interpret results, (Hind III and the quantitative standards should give the expected results. Seven (Hind III bands should be observed. The quantitative standards should each exhibit a HMW band approximately in line with the uppermost band (23 kb) of (Hind III. The standard bands should exhibit an intensity gradient from high to low (DNA concentration) across the gel, and their intensities should be consistent with their relative DNA concentrations.

(
To evaluate DNA quality, the case sample result is visually compared with (Hind III and the quantitative standards. Intact HMW DNA will have traveled as a band approximately the same distance from the origin as the first (23 kb) (Hind III band and the HMW bands of the standards.  


If a sample is degraded, the DNA will appear as a smear, and the extent of the degradation can be evaluated by comparison with the known sizes of the (Hind III fragments. Mildly degraded DNA may appear as a downward smear from the HMW component of the sample.  Highly degraded DNA may appear as a low molecular weight smear. Both the extent of degradation and the possible presence of microbial DNA should be considered when deciding on additional analysis to be performed. Degraded DNA may not be suitable for RFLP analysis, while PCR testing may be successful on badly degraded samples.

(
To estimate the quantity of DNA, the case sample result is visually compared to the quantitative standard bands. The intensity of a band corresponds to the total amount of DNA applied to the gel. For samples with degradation, the estimate may include both HMW and degraded DNA depending on the typing approach. The quantity of recovered DNA may limit the additional analysis to be performed. An RFLP analysis typically uses 250-400 ng of DNA, although results may be obtained from as little as 50 ng. PCR testing requires much less sample.

(
Using the protocol described above, approximately 1 ng of DNA should be detectable on an EtBr‑stained yield gel. If the concentration of a case sample exceeds that of the highest quantitative standard (typically 250 ng), the case sample should be diluted and retested by yield gel or some other quantitative means.

(
Poor yield, degradation or other problems observed in the extraction control are useful for diagnosing similar problems which may be observed in the evidence samples and may dictate repeating the analysis.

(
If DNA contamination is detected in any of the extraction reagent blanks, the nature of this contamination must be investigated.

(
When there is indication from the source (e.g. rectal swab) or appearance (e.g. microscopic evaluation) of the sample that excessive DNA contamination from microbial sources may be present, quantitation using a probe that detects human DNA should be performed.

Southern Blot of Yield Gel

Both the quality and quantity of human DNA may be assessed by the hybridization of a Southern blot of the yield gel with a probe that recognizes human DNA. This procedure may be used in lieu of a slot blot quantitation when an assessment of the quality of the human DNA and/or conservation of limited extracted sample is desired. 

1.
Place the gel, flipped so that the wells face down, into a container of 1X transfer solution (0.4M NaOH + 0.5M NaCl) sufficient to cover the gel. Gently shake for 30 minutes.

WARNING! CHEMICAL HAZARD! Sodium hydroxide solution is corrosive and toxic. Avoid skin contact and inhalation. Wear lab coat, gloves and protective eyewear when handling.

2.
UV-nick the DNA by placing the gel into a Stratalinker( and running it on the "Auto" setting.

3. Place the gel into a tray containing 0.2M HCl and gently agitate for 30 minutes.

Cut a blot pad to the size of the gel. Soak it in a separate tray of 1X transfer solution for (15 minutes. Pour off the solution, add fresh 1X transfer solution and soak for another 15 minutes.

Cut a Pall Biodyne B membrane to the same size as the gel. Label with a fine-point black Sharpie on the non-DNA side at the bottom of the gel. Include the case number, analyst initials and date. Nick the membrane over lane #1 of the origin.

Soak the membrane in 1X transfer solution for a minimum of 15 minutes.

During the same time period, construct a blotting set-up with two Whatman 3MM wicks using 1X transfer solution. Level the set-up.

NOTE:  The blot pads and membrane need not be agitated.

4.    Place the soaked blot pad onto the blotting set up. Place a piece of wet Whatman 3MM on top.

5.    Remove the gel from the acid. Transfer the gel to the blot set-up so that the surface containing the formed wells is face down on top of the blot pad/filter paper. With gloved fingers or a pipette, remove any air bubbles.

6.
Place the presoaked membrane onto the gel. Be sure the edges of the membrane are square with the edges of the gel. Roll a pipette up and down the membrane several times to remove any air bubbles.


Cut 1-2 pieces of Whatman 3MM to the size of the gel. Wet one at a time with 1X transfer solution and place on top of the membrane. Remove any air bubbles.  


Place SYMBOL 126 \f "Symbol"20 blot pads on top of the Whatman 3MM.


Place a flat plate on top of the blot assembly, and then another fairly light weight on top of that, for a total of 500g-1kg.

7.
Allow the DNA transfer to proceed from 6 hours to overnight.

8.
Remove the blot pads and Whatman paper. Verify that the membrane is correctly labeled and nicked. (Recall that lane #1 is on the right hand side of the gel, since the gel has been flipped.)

9.
Wash the membrane once with membrane wash solution (0.2M Tris, pH 7.5  + 2X SSC) for 5 minutes with gentle shaking. Blot the membrane on a sheet of Whatman 3MM.

10. While it is still damp, UV-crosslink the membrane in the Stratalinker on the "AUTO" setting.

11.
Wrap the membrane in plastic wrap and store at 4SYMBOL 176 \f "Symbol"C or -20SYMBOL 176 \f "Symbol"C pending hybridization.  For development, follow the procedure for QuantiBlot( DNA Hybridization of a slot blot membrane.

12.
If desired, check the efficiency of transfer by restaining the gel:


Gently shake the gel in a 0.5 (g/mL EtBr solution (25 (L of 10 mg/mL EtBr in 500 mL of dH2O).
WARNING! CHEMICAL HAZARD! Ethidium bromide is an irritant and a mutagen. Avoid skin contact and inhalation. Wear lab coat, gloves and protective eyewear when handling.


Replace the staining solution with 500 mL of dH2O and agitate gently for 15 minutes.


Examine the gel on a UV light box and photograph.


Restain the gel for 3 hours to overnight, destain for 15 minutes in dH2O and re-examine as above for complete transfer.
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B. SLOT BLOT FOR ASSESSING THE QUANTITY OF HUMAN DNA 

Slot blot analysis is performed using the Perkin Elmer QuantiBlot( Human DNA Quantitation Kit. Each kit supplies sufficient reagents for at least 10 hybridization reactions. These reagents include the QuantiBlot( D17Z1 Probe, Enzyme Conjugate: HRP-SA, Bromothymol Blue Solution and DNA Calibrators 1 and 2 (0.7 ng/(L and 0.1 ng/(L, respectively). Human DNA is detected by chemiluminescence using the Amersham ECL( Detection Reagents. 

Standards and Controls for QuantiBlot Analysis

In addition to any extraction reagent blanks, extraction controls (e.g. QC samples) and substrate controls, the following standard and control samples are included in each QuantiBlot analysis:

Quantitative standards: Dilutions of human DNA are used as semi-quantitative standards. Typically, these standards range from 250 ng down to 25 pg. The standards in the DOJ/DNA yield gel kit provide a DNA concentration range from 250 ng down to 6 ng. To quantitate results lower than this, it is necessary to prepare the lower concentration DNA standards. These low level DNA standards are diluted from the 6 ng standard and should be prepared fresh for each analysis.

DNA Calibrators 1 and 2: These are human DNA standards which are provided in the QuantiBlot kit. They are run on the slot blot to assess quantitative consistency with the DNA lab-prepared quantitative standards.

Spotting solution blank: The purpose of this sample is to detect any contamination that might occur from the spotting solution. This is a sample of the spotting solution used to denature the DNA samples. 

Preparation of Controls and Test Samples

1. The following solutions should be prepared fresh for each analysis:

	Pre-wetting solution (100 mL):
	Spotting solution (25 mL):



	8 mL of 5N NaOH

5 mL of 0.5M EDTA

Bring to 100 mL with sterile dH2O.  

Mix thoroughly.
	25 mL of pre-wetting solution
50 µL of 0.04% Bromothymol Blue (from kit)

Mix thoroughly.


WARNING! CHEMICAL HAZARD! Sodium hydroxide solution is corrosive and toxic. Avoid skin contact and inhalation. Wear lab coat, gloves and protective eyewear when handling.

2.
Determine the number of control and case samples to be analyzed. For each sample, aliquot 300 µL of spotting solution into a 1.5-mL tube. Label tubes.

3. Prepare the DNA quantitation standards:

Prepare the following dilutions:


0.05 ng/µL std:
2 µL of 6 ng std                +  38 µL of TE-4



0.01 ng/µL std:
2 µL of 0.05 ng/µL std     +    8 µL of TE-4
For the standards ranging from 250 ng down to 6 ng, add 6 µL of each of the yield gel kit standards to the appropriate tube.

For the 3 ng std, add 3 (L of the 6ng std to the appropriate tube.


For the remaining DNA standards, add the following to the appropriate tube:

	    1ng std:
20(L of 0.05ng/(L

500pg std:
10(L of 0.05ng/(L

200pg std:
4(L of 0.05ng/(L

100pg std:
2(L of 0.05ng/(L

   50pg std:
5(L of 0.01ng/(L

   25pg std:
2.5(L of 0.01ng/(L


Alternatively, other methods such as serial dilution, may be used to prepare the low concentration standards.

4.
Add 7 µL of Calibrator 1 (0.7 ng/µL) and Calibrator 2 (0.1 ng/µL) to the appropriate tubes. 

5.
Add 1 to 20 µL of each case sample to the appropriate tube.
Slot Blotting/Immobilization of DNA
6.
Heat a shaking water bath to 50ºC. This will be used for the hybridization and stringency wash steps. The water level should be ¼-½ inch above the shaking platform. The rotation should be set for 50 to 60 RPM (near the 11 o’clock position on the dial).

7.
Prewarm the hybridization and wash solutions in an incubator maintained at 37ºC. 

8.
Cut a piece of Biodyne® B membrane to 12 cm x 8 cm. Cut a small notch in the lower right corner of the membrane to mark orientation. Place the membrane in a tray containing 50 mL of pre-wetting solution. Incubate for 1 to 30 minutes at room temperature.

9.
Using a Bio-Rad slot blot apparatus:

Wet three sheets of filter paper in pre-wetting solution.

Stack the filter paper on the lower plate of the apparatus.  

Place the membrane on the filter paper.

Assemble the apparatus. Apply the vacuum and retighten the screws.

Apply the samples. Allow the samples to filter through to the membrane. With the vacuum still on, disassemble the apparatus.

10.
Remove the top plate of the apparatus. The membrane should remain on the bottom plate.

11.
Remove the membrane and proceed to hybridization. Alternatively, the analyst may wrap the membrane in plastic wrap and store it at 4(C pending hybridization.

NOTE: Do NOT allow the membrane to dry out at any point in the procedure!

DNA Hybridization

NOTE: Reagent volumes may be altered in order to accommodate the size of a yield gel blot membrane.

1.
The shaking water bath should be at 50ºC (± 1ºC) and set to rotate at 50 to 60 RPM. The hybridization and wash solutions should be prewarmed to approximately 37ºC and all solids should be in solution.

2.
Transfer the membrane to a tray containing 100 mL of hybridization solution. Add 5 mL of 30% H2O2. Secure tray lid and set tray in water bath. Place a weight on the tray to keep it from floating. Rotate at 50°C for 15 minutes (± 2 minutes). Decant the solution.

WARNING! CHEMICAL HAZARD! Hydrogen peroxide (30%) is oxidizing, corrosive, and possibly mutagenic. Avoid skin contact and inhalation. Wear lab coat, gloves and protective eyewear when handling.

3.
Add 30 mL of hybridization solution to the tray. Tilt the tray to one side and add 20 L of QuantiBlot( D17Z1 Probe to the solution. Secure tray lid. Rotate at 50°C for 20 minutes (± 2 minutes). Decant the solution.

4.
Add 100 mL of wash solution to the tray. Briefly rinse the membrane by rocking for several seconds. Decant the solution.

5.
Add 30 mL of wash solution to the tray. Tilt the tray to one side and add 90 L of Enzyme Conjugate:HRP-SA to the solution. Secure tray lid. Rotate at 50°C for 10 minutes (± 1 minute). Decant the solution.

6.
Add 100 mL of wash solution to the tray. Thoroughly rinse the membrane by rocking or rotating on an orbital shaker (100 to 125 RPM) for 1 minute at room temperature. Decant the solution. Rinse again for 1 minute. Decant the solution.

7.
Add 100 mL of wash solution to the tray and secure the tray lid. Wash the membrane by rotating on an orbital shaker (100 to 125 rpm) for 15 minutes at room temperature. Decant the solution.

8. Add 100 mL of citrate buffer to the tray. Briefly rinse the membrane by rocking. Decant the solution.

Chemiluminescent Detection 

9.
Add 5 mL of ECL Reagent 1 to 5 mL of ECL Reagent 2. Do NOT prepare this mixture more than 5 minutes before use. Add the solution to the tray and shake the membrane for 1 minute at room temperature. Decant the solution.

NOTE: For maximum sensitivity, expose the membrane to X-ray film within 10 minutes of incubation in the ECL reagents.

10.
Wrap the membrane in plastic wrap, avoiding any wrinkles or air bubbles.

11.
Place the membrane in a film cassette with a piece of X-ray film. Expose the film at room temperature as needed. For more sensitive results, use a film cassette that contains white intensifying screens.

12. From the exposed film(s), visually assess the quantity of human DNA in the  

      case samples using the evaluation and interpretation guidelines described below.

13. If reprobing is necessary, strip the membrane by rotating in 0.1% SDS at 80°C for 15 minutes.

Evaluation and Interpretation 

The goal of the evaluation and interpretation of slot blot results is to determine the quantity of human DNA in a sample. The following guidelines should be applied in making this determination:

(
In order to interpret results, the quantitative standards and spotting solution blank should give the expected results, and the DNA Calibrators should quantitate within a factor of two of their expected values (i.e. 4.9 ng and 0.7 ng, respectively). The quantitative standards should exhibit an intensity gradient from high to low (DNA concentration), and their intensities should be consistent with their relative DNA concentrations. The spotting solution blank should appear “clean”.

(
To estimate the quantity of human DNA, the signal intensity for each case sample is visually compared to the signals of the quantitative standard bands. The intensity of a band corresponds to the total amount of human DNA applied to the membrane.

(
If contamination is detected in any of the negative control samples (i.e. the spotting solution blank, any extraction reagent blanks), the nature of this contamination must be investigated.

(
The slot blot results should be compared to the yield gel results when both are performed, and the presence of microbial DNA should be considered when evaluating any additional analysis to be performed.
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APPENDIX A

Extraction and Quantitation Reagents

* Solutions that must be autoclaved


*0.5M EDTA

186.1 g of EDTA(2H2O

15-20g of NaOH pellets

Dissolve EDTA in 800 mL of dH2O.

Adjust pH to 8.0 with 15-20 g of NaOH.

Adjust the volume to 1L.

Loading Buffer (6X)


Bromophenol blue (BSYMBOL 102 \f "Symbol"B) for test gels:

30% glycerol

0.25% B(B

Adjust to volume with TE-4.
Membrane Wash (0.2M Tris, pH 7.5; 2X SSC)


100 mL of 2M Tris, pH 7.5


100 mL of 20X SSC


Adjust volume to 1L with dH2O.

*5M NaCl


292.2 g of NaC1


Adjust volume to 1L with dH2O.

4M NaOH 


800 g of NaOH pellets

Dissolve NaOH in 4200 mL of dH2O.


Adjust volume to 5 L with dH2O.

Nuclear Fast Red Stain


5 g of aluminum sulfate


0.1 g of Nuclear Fast Red


Adjust volume to 100 mL with hot dH2O.


Refrigerate overnight, then filter.

*PBS, pH 7.4

8 g of NaCl


0.2 g of KCl


1.44 g of Na2HPO4, anhydrous


0.24 g of KH2PO4, anhydrous


Adjust pH to 7.4 with HCl.


Adjust volume to 1 L with dH2O.
Picroindigocarmine Stain


0.33 g of indigocarmine


100 mL of saturated picric acid solution


Filter.

Proteinase K (ProK; 20 mg/mL)


500 mg of proteinase K


Dissolve in 25 mL of dH2O.


Aliquot into convenient size volumes.

Store frozen.

QuantiBlot Citrate Buffer (0.1M sodium citrate, pH 5.0)

18.4 g of Na3C6H5O7(2H2O

800 mL of dH2O

Adjust to pH 5.0 (± 0.2) with C6H8O7(H2O ((6 g).  

Adjust volume to 1 L with dH2O.
QuantiBlot Hybridization Solution (5X SSPE, 0.5% w/v SDS)


250 mL of 20X SSPE

25 mL of 20% w/v SDS

725 mL dH2O

Mix thoroughly.

QuantiBlot Wash Solution (1.5X SSPE, 0.5% w/v SDS)

150 mL of 20X SSPE

50 mL of 20% w/v SDS

1,800 mL of dH2O

Mix thoroughly.

20% SDS 


200 g of sodium dodecyl sulfate


700 mL of dH2O

Heat to (65SYMBOL 176 \f "Symbol"C to dissolve.


Adjust volume to 1 L.

1M Sodium Phosphate, pH 7.2


141.96 g of Na2HPO4

Adjust volume to 3L with dH2O.  Mix and let sit.


138 g of NaH2PO4SYMBOL 215 \f "Symbol"H2O


Adjust volume to 1L with dH2O.


To 1 L of 1M Na2HPO4, add 1M NaH2PO4 ((462 mL) to bring to pH 7.2. 

20X SSC (3M NaC1; 0.3M sodium citrate)


175.3 g of NaCl


88.2 g of Na3C6H5O7(2H20 


Dissolve in 800 mL of dH2O.


Adjust to pH 7.0 with HCl.


Adjust volume to 1 L with dH2O.

20X SSPE (3.6M NaCl; 0.2M NaH2PO4; 20mM EDTA)

210.4 g of NaC1


27.6 g of NaH2PO4(H2O


40 mL of 0.5M EDTA


Adjust to pH 7.0 and 1 L.

*Stain Extraction Buffer (10mM Tris; 10mM EDTA; 100mM NaC1; 2% SDS)


5 mL of 2M Tris, pH 8.0


20 mL of 5M EDTA, pH 8.0


20 mL of 5M NaC1


100 mL of 20% SDS


Adjust volume to 900 mL with dH2O.


Autoclave.

Add 100 mL of 20% SDS.

*2M Tris, pH 7.5

242.2 g of Tris base


Dissolve in 800 mL of dH2O.


Adjust to pH 7.5 with concentrated HCl.


Adjust volume to 1 L with dH2O.

*2M Tris, pH 8.0

242 g of Tris base


Dissolve in 800 mL of dH2O.


Adjust to pH 8.0 with concentrated HCl.

Adjust volume to 1 L with dH2O.

5X TBE (0.45M Tris; 0.45M boric acid; 10mM EDTA)


54.50 g of Tris base


28.24 g of boric acid


20 mL of 0.5M EDTA, pH 8.0


Adjust volume to 1 L with dH2O.

*TE-4 (10mM Tris, pH 7.5; 0.1mM EDTA)

5 mL of 2M Tris, pH 7.5


200 SYMBOL 109 \f "Symbol"L of 0.5M EDTA, pH 8.0 


Adjust volume to 1 L with dH2O.

5X Transfer/Denaturation Solution (2.5M NaCl; 2M NaOH)


146.1 g of NaCl


80 g of NaOH pellets


Adjust volume to 1 L with dH2O.

Wash/Stripping Solution (0.1X SSC + 0.5% SDS)


5 mL of 20X SSC


25 mL of 20% SDS


Adjust volume to 1 L with dH2O.

APPENDIX B

GEL BOX VOLUMES


Size (cm) 

Volume of Gel Tray

Approximate Volume of Tank Buffer 

 
  7 x 8



40 mL




260 mL


  9 x 11


70 mL




530 mL


12 x 14


100 mL



700 mL


11 x 20


154 mL



1445 mL


20 x 20


280 mL



2720 mL
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