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1. HISTORY / BACKGROUND

1.1 Background

This SOP originates from the FSA funded project G03026 ‘Development of a standard, validated procedure for the isolation of transgene flanking regions in GM crops and detailed analysis of transgene insertion’.

In a study performed on GM barley and potato, three commercially available DNA walking kits and an in-house adaptor-mediated method were compared. The Seegene Inc. DNA Walking SpeedUp Premix Kit II was deemed to be the preferred method. The kit has subsequently been used successfully to isolate transgene flanking regions in a number of crop plants including barley, potato, brassicas, pea and wheat. 
1.2 Changes in current version

The concentration of TSP3 primer has been doubled to 10 µM in the 3rd PCR reaction.
1.3 Related procedures 

STANDARD OPERATING PROCEDURE FOR PLANT GENOMIC DNA EXTRACTION FROM FRESH LEAF MATERIAL. July 2008. 
2. PURPOSE
To enable the isolation of unknown transgene flanking regions of up to 3 Kb long from transgenic plants produced by Agrobacterium-mediated transformation for later downstream analysis.
3. SCOPE
Isolation of unknown junction sequences flanking T-DNA insertions from transgenic plant DNA.
4. DEFINITIONS AND ABBREVIATIONS

DW-ACP 
DNA Walking Adaptor Control Primer
DW-ACPN 
DNA Walking Adaptor Control Primer Nested 
DNA

Deoxyribonucleic acid 
EtBr

Ethidium bromide 
GM

Genetically modified 

LB

Left Border 

Tm

Melting temperature 

PCR

Polymerase chain reaction 
RB

Right Border 

TSP

Target specific primer 

TE

Tris-EDTA 

Tris 

Tris(hydroxymethyl)aminomethane

UniP

Universal primer 

5. Principle of the method

One of the four ACP primers and the target-specific primer 1 (TSP 1) are used to amplify the target region from the template in the first PCR. The second PCR (the first nested PCR) then uses the DW-ACPN primer and the TSP 2 primer to amplify the target from the first PCR product. The third PCR (the second nested PCR) uses Universal primer and TSP 3 and the second PCR product as a template (see Fig 1.)
Fig1.  The principle of DNA Walking ACP PCR technology.


[image: image1]
For plant material where multiple T-DNA insertions are suspected, it is advisable to perform a “Pre-amplification step” prior to the first Seegene PCR.
See (Section 7. Procedures) for more details.

6. MATERIALS AND EQUIPMENT

6.1 Chemicals

Ethylenediaminetetraacetic acid (EDTA). Sigma Aldrich, product code 431788                      

R36-52/53: Irritating to eyes, harmful to aquatic organisms, may cause long term adverse effects in the aquatic environment.

S26-61: In case of contact with eyes, rinse immediately with plenty of water and seek medical advice. Avoid release to the environment. Refer to special instructions/safety data sheets.

Do not breathe dust. Avoid contact with eyes, skin and clothing. Avoid prolonged or repeated exposure

Keep tightly closed. 

Dispose of in accordance with local safety rules.  

Tris(hydroxymethyl)aminomethane refered to as Tris. Trizma is a registered trademark of Sigma-Aldrich for Tris(hydroxymethyl)aminomethane Sigma Aldrich, Trizma Base, product code T4661                                     

R36/37/38: Irritating to eyes, respiratory system and skin.

S26: In case of contact with eyes, rinse immediately with plenty of water and seek medical advice.

S36: Wear suitable protective clothing.

Do not breathe dust. Avoid contact with eyes, skin, and clothing. Avoid prolonged or repeated exposure.

Keep tightly closed.

Dispose of in accordance with local safety rules.  

6.2 Water

In all cases where not stated the water used was Analytical Reagent Grade Water 5L Cat. No. W/0100/2/ from Fisher Scientific Ltd UK.
Where stated for reagents the water used was ‘ELGA water’ purified to 15MOhm using the ELGA Purelab Model: Option – R15 (ELGA, High Street, Lane End, High Wycombe, Bucks, HP14 3JH. UK).

6.3 Solutions, standards and reference materials

Target Specific primers.

Target specific primers (TSP) are designed using the free Primer3 software available on the web. http://frodo.wi.mit.edu/cgi-bin/primer3/primer3_www.cgi  The three TSPs are designed within the recommendations of the Seegene User Manual Version3 K1503 Sep 2006 
TSPs should be 18-23 nucleotides long, have a GC content between 40 and 60%, and annealing temperatures ~ 60 ○C (Tm 65 ○C).

TSP were synthesised by Sigma-Aldrich, desalted and shipped as dried DNA. The primers were resuspended in sterile 1 X TE (10mM Tris pH7.5, 1 mM EDTA) to a concentration of 100 µM. Subsequent working concentrations of 10 µM and 5 µM were made by diluting with sterile water. http://www.sigma-aldrich.com
1 X Tris-EDTA (TE)

10mM Tris-Cl (pH8)

1mM EDTA (pH8)

The TE components are added to ELGA water, to the above concentrations, while stirring. Sterilised by autoclaving at 120 °C for 20 minutes.

6.4 Commercial kits

Seegene Inc. DNA Walking SpeedUp Premix Kit II Cat. No. K1503

Qiagen Ltd. QIAquick PCR Purification Kit Cat. No. 28104

Thermo Scientific 1.1X ReddyMix™ PCR Master Mix (1.5 mM MgCl2) Cat No. AB-0575/LD/A

6.5 Plasticware

Tips filter racked sterile 1000 µL Starlab (UK) Ltd S1122-1830 

Tips filter racked sterile 200 µL Starlab (UK) Ltd S1120-8810

Tips filter racked sterile 100 µL Starlab (UK) Ltd S1120-1840

Tips filter racked sterile 20 µL Starlab (UK) Ltd S1120-1810

Tips filter racked sterile 10 µL Starlab (UK) Ltd S1121-3810

Tips filter racked sterile 20 µL Starlab (UK) Ltd S1120-1810

PCR tubes : Tubes flat cap 0.2ml individual Advanced Biotechnologies (Abgene) Ltd UK AB-0620
Tube Eppendorf 690 Hinge Lid 1.5 ml Sarstedt Ltd Cat No: 72-690

6.6 Equipment

Eppendorf Centrifuge Model No: 5415D. Eppendorf, 22331, Hamburg, Germany.

DNA Engine Petier Thermal Cycler PTC-200. M J Research, Massachusetts, USA.

7. PROCEDURES
7.1 Biolistically derived plant material.

For plant material derived from biolistic-mediated transformation methods it is necessary to establish the plasmid breakpoint prior to junction sequence analysis using the Seegene method. This can be done by a PCR-based walking method, which entails designing primers to produce amplicons of approximately 1Kb throughout the plasmid. These amplicons should overlap one another by approximately 100 bp. Intact areas of the transgene insert will produce amplicons of predictable size, primer pairs that fail to produce a product can be considered areas of the insert that are rearranged or containing the plasmid breakpoint. To establish in more detail where the plasmid breakpoint exists further PCR walking within these areas should be performed; primers need to be designed which will produce amplicons of approximately 300 bp. Once the plasmid breakpoint has been established, target specific primers can be designed, ~ 100bp from this point, to use with the Seegene methodology for junction sequence analysis. A standard PCR reaction to PCR-walk through a transgene insertion would be as follows.

Standard PCR.

Add the following reagents to a 0.2 ml PCR tube stored on ice:

18 µl 1.1X ReddyMix™ PCR Master Mix (1.5 mM MgCl2) Thermo Scientific.

1 µl of forward primer (10 µM)

1 µl of reverse primer (10 µM)

1µl Template DNA (~150 ng / ul)

Mix using a vortex and centrifuge briefly to bring the contents to the bottom of the tube. 

Pre-heat the thermal cycler to 94 ○C

Place the tubes in the cycler and immediately commence the PCR using the following program.

Step

1 94 ○C for 5 minutes

2 94 ○C for 30 seconds

3 58 ○C for 30 seconds
4 72 ○C for 1 minutes

5 Repeat steps 2, 3, and 4 for 37 cycles
6 72 ○C for 5 minutes
7 Hold at 4 ○C

Analyse 17 µl of the PCR mixture by electrophoresis on an agarose gel.
7.2 Pre-amplification 

For plant material where multiple transgene insertions may be suspected, it is advisable to perform a “Pre-amplification step” prior to the first Seegene PCR. With single transgene insertions, this pre-amplification step has proven to increase amplicon yields in the final Seegene reaction which resulted in a higher percentage of amplicons being able to be sequenced directly. 
Pre-amp PCR 

Add the following reagents to a 0.2 ml PCR tube stored in ice:
1 µl of TSP1 (5 µM)

18 µl 1.1X ReddyMix™ PCR Master Mix (1.5 mM MgCl2) Thermo Scientific.
1µl Template DNA (~150 ng / ul)
Mix using a vortex and centrifuge briefly to bring the contents to the bottom of the tube. 

Pre-heat the thermal cycler to 94 ○C

Place the tubes in the cycler and immediately commence the Pre-amplification PCR using the following program.

Step

1. 94 ○C for 5 minutes

2. 94 ○C for 30 seconds
3. 58 ○C for 30 seconds

4. 72 ○C for 2 minutes

5. Repeat steps 2, 3, 4 for 37 cycles 
6. 72 ○C for 5 minutes

7. Hold at 4 ○C

Use 4 µl of this Pre-Amplification PCR mixture as the template for the 1st Seegene PCR.
7.3 Seegene nested PCRs 
One of the four DW-ACP primers (DW-ACP 1,2,3 or 4) and the target-specific primer 1 (TSP 1) are used to amplify the target region from the template in the first PCR. Performed in four individual 0.2ml Eppendorf tubes.
First PCR 

Master Mix 1.

Make a ‘Master Mix’ by adding the following reagents to a 1.5 ml Eppendorf tube, stored on ice:
~400 ng of plant genomic DNA

4 µl of TSP1(5 µM)

40 µl 2X SeeAmp ACP Ready Mix II

Make up to 72 µl with Water

Mix using a vortex mixer 1-2 seconds 

Add 18 µl of this master mix to 4 (pre-chilled on ice) 0.2 ml tubes numbered 1-4.

Add 2 µl of DW-ACP1, 2, 3, or 4 (5 µM) to the respective tubes. 

Pre-heat the thermal cycler to 94 ○C
Place the tubes in the cycler and immediately commence the 1st PCR using the following program.
Step

8. 94 ○C for 5 minutes

9. 42 ○C for 1 minute

10. 72 ○C for 2 minutes

11. 94 ○C for 30 seconds

12. 57.5 ○C for 30 seconds

13. 72 ○C for 100 seconds

14. Repeat steps 4, 5, and 6 for 30 cycles 
15. 72 ○C for 7 minutes

16. Hold at 4 ○C

Purify the 1st PCR product using a QIAquick PCR Purification Kit (Qiagen Ltd). This kit contains buffers PB, PE and EB and QIAquick columns, for more details refer to the QIAquick spin Handbook 07/2002.
1. Add 100 µl of buffer PB to each tube and mix by pipetting up and down.

2. Place the QIAquick column in a 2ml collection tube provided with the kit.
3. Transfer the mixture from step 1 into the QIAquick column
4. Bind the DNA to the column by centrifuging at 17,900 x g (13,000 rpm) for 30 seconds.

5. Discard the flow-through and place the column back into the 2 ml collection tube.

6. Add 750 µl PE buffer to the column and centrifuge at 17,900 x g (13,000 rpm) for 30 seconds, to wash the DNA.

7. Discard the flow-through and place the column back into the 2 ml collection tube.

8. Centrifuge at 17,900 x g (13,000 rpm) for 1 minute to dry the column.

9. Place the column into a fresh 1.5 ml tube.
10. Add 30 µl of EB buffer to the centre of the column membrane and allow to stand for 1 minute.

11. Centrifuge at 17,900 x g (13,000 rpm) for 1 minute to elute the DNA.

12. Store the elute at -20 ○C when not required.

2nd PCR. 

Master Mix 2.
Make a “Master Mix” by adding the following reagents to a 1.5 ml Eppendorf tube stored on ice: 

8 µl of DW2-ACPN (5 µM)

4 µl of TSP2 (5 µM)

40 µl 2X SeeAmp ACP Ready Mix II

16 µl of water

Mix using a vortex mixer 1-2 seconds
Add 17 µl of this master mix to 4 (pre-chilled on ice) 0.2 ml tubes numbered (2) 1-4.

Add 3 µl of the purified PCR product from the first PCR, as template DNA, to the respective tubes.
Pre-heat the thermal cycler to 94 ○C.
Place the tubes in the cycler and immediately commence the 2nd PCR using the following program.

Step

1. 94 ○C for 3 minutes

2. 94 ○C for 30 seconds

3. 60 ○C for 30 seconds

4. 72 ○C for 100 seconds

5.  repeat steps 2,3 and 4 for 35 cycles 
6. 72 ○C for 7 minutes

7. Hold at 4 ○C

3rd PCR. 

Master Mix 3.
Make a ‘Master Mix’ by adding the following reagents to a 1.5 ml Eppendorf tube stored on ice: 
4 µl of UniP2 (5 µM)

4 µl of TSP3 (10 µM)

40 µl 2X SeeAmp ACP Ready Mix II

24 µl of water

Mix using a vortex. 

Add 18 µl of this master mix to 4 (pre-chilled on ice) 0.2 ml tubes numbered (3) 1-4.

Add 2 µl from the 2nd PCR, as template DNA, to the respective tubes. Pre-heat the thermal cycler to 94 ○C

Place the tubes in the cycler and immediately commence the 2nd PCR using the following program.

Step

1. 94 ○C for 3 minutes

2. 94 ○C for 30 seconds

3. 65 ○C for 30 seconds

4. 72 ○C for 100 seconds

5. Repeat steps 2, 3 and 4 for 30 cycles

6. 72 ○C for 7 minutes

7. Hold at 4 ○C
7.4
 Analysis of junction sequences
Run 15 µl of the 3rd PCR on a 1% agarose gel containing EtBr.

Extract bands from agarose gel and clone extracted product into a TA cloning vector such as pGem-T. The UniP-2 or TSP3 primers can be used to sequence the product directly without employing a cloning step. An additional sequencing primer can be designed, although not necessary this can prove useful, as shown in Fig 2.
On occasion, PCR artefacts can be produced that do not contain the desired junction sequence; therefore, screening of the gel extract or colonies by PCR for the region just inside the T-DNA borders is advisable.

A reverse primer should be designed that can be used in conjunction with TSP 3 in a standard PCR reaction to amplify ~ 300 bp of sequence inside the border. The reverse primer binding site should be at least 100 bp inside of the border sequence, this is particularly important when screening for the left border (LB) sequence, as the LB is more prone to truncation than the right border (RB). 
Fig 2. Designing reverse primer for junction screening
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7.5
Validation of junction sequences

In order to validate the junction sequence obtained, it is advisable to design a primer that will bind within the putative plant DNA and when used in conjunction with TSP3, in a standard PCR reaction, will produce an amplicon across the putative junction. This junction sequence validation primer is denoted as “JS-Rev” in Fig 3, and will produce an amplicon of known size that can be sequenced and aligned with the original junction sequence data. A negative control which uses plant DNA from the untransformed source material should be included in order to identify and eliminate any chance of random priming. 

To confirm that the putative plant sequence originates from plant DNA a second validation primer can be designed that anneals within the putative plant DNA and amplifies in a forward direction. This second junction sequence validation primer is denoted as “JS-For” in Fig 3 and should be used in conjunction with JS-Rev on untransformed source material. This will produce an amplicon of known size that can be analysed by gel electrophoresis, thus confirming that the sequence is plant derived.
Fig 3. Junction sequence validation primers.
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