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Gap-repair recombineering for efficient retrieval of large DNA fragments from BAC clones and manipulation of large high-copy number plasmids 
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Support protocols
Support Protocol 1: Extraction of BAC DNA from E. coli
This protocol describes the extraction of BAC DNA for PCR amplification of recombineering homology arms to retrieve DNA sequence from a BAC. Note that BACs are typically maintained at one copy within the host cell, so the final yield from this extraction procedure will be low; however, it is sufficient for PCR amplification. This protocol uses the alkaline lysis protocol described by Birnboim and Doly (Birnboim & Doly, 1979) and the buffers/ reagents supplied in the Qiafilter Midiprep kit can be used.

Biological materials
· Suitable BAC clone containing gene/region of interest.
Reagents
· Qiagen Midiprep kit buffers and reagents: Buffer P1+RNase A (resuspension buffer), Buffer P2 (lysis buffer), Buffer P3 (neutralisation buffer).
Solutions
· LB bacterial growth media supplemented with chloramphenicol (12.5 μg/ml).
· Isopropanol.
· 75% (v/v) ethanol.
· Tris-EDTA (TE) buffer: 10 mM Tris pH 7.5, 1 mM EDTA pH 8.
Laboratory equipment
· Benchtop microfuge.
· Vortex.

Protocol steps
1. Take a single BAC-containing colony to inoculate 2 ml LB media. Incubate at 35.5º C, 200 rpm, overnight (16 h).
2. Transfer 1.5 ml of the culture to an Eppendorf tube.
3. Centrifuge at 16,400 g for 3 minutes.
4. Discard supernatant.
5. Resuspend the pellet in 250 μl buffer P1 (from Qiafilter Midiprep kit). 
6. Add 250 μl buffer P2 to lyse the cells. Mix by inversion. 
7. Incubate at room temperature for no longer than 5 minutes.
8. Add 350 μl buffer P3 to neutralise the alkaline lysis. Mix by inversion.
9. Centrifuge at 16,400 g for 10 minutes.
10. Transfer the supernatant (approx. 850 μl) to a fresh Eppendorf tube. Avoid taking the white precipitate.
11. Add 595μl isopropanol to precipitate DNA. Mix by inversion.
12. Centrifuge at 16,400 g for 30 minutes.
13.  Carefully discard supernatant.
14. Add 750 μl 75% (v/v) ethanol to wash precipitated DNA.
15. Centrifuge at 16,400 g for 15 minutes.
16.  Carefully discard supernatant.
17.  Air dry DNA pellet.
18.  Resuspend in 20 μl TE buffer or water as appropriate.
19. Use 1 μl for PCR amplification of the homology arms using Q5 HiFi DNA polymerase (NEB M0491S).


Support Protocol 2: Preparation of electrocompetent E. coli cells containing λ Red proteins expressed from pSC101-BAD-gbaA plasmid
This protocol enables the generation of gap-repair recombineering ready electrocompetent cells which can be stored at -80º C. This method was adapted from Nováková et al. (Green & Sambrook, 2012; Nováková et al., 2014; Sambrook & Russell, 2001). Note the presence of glucose inhibits expression of the λ Red proteins by the inducible arabinose operon (Guzman et al., 1995). 
Biological materials
· Home-made CaCl2 competent E. coli DH5α cells (Green & Sambrook, 2012; Sambrook & Russell, 2001) or NEB® 5-α Competent E. coli (NEB #C2987) (provided in HiFi DNA Assembly cloning kit (NEB E5520S)).
· pSC101-BAD-gbaA plasmid (Quick & Easy BAC Modification Kit, K001, GeneBridges).
Reagents
· 10% (v/v) UltraPure glycerol (Invitrogen).
· Ice.
Solutions
· LB agar bacterial growth plates supplemented with tetracycline (3 μg/ml).
· LB bacterial growth media supplemented with tetracycline (3 μg/ml).
· SOC bacterial medium
· 10% L-arabinose solution.
Laboratory equipment
· Electroporation apparatus.
· Electroporation cuvettes (1 mm).
· Orbital incubator (set to 22º C, 200 rpm).
· 2 litre Erlenmeyer flask.
· Cold room.
· Ice machine.
Protocol steps
1. Transform 100 μl DH5α (we use home-made CaCl2 competent cells according to (Green & Sambrook, 2017; Sambrook & Russel, 2001) to grow up plasmids) with 1-5 ng pSC101-BAD-gbaA plasmid with 1 minute, 42° C heat shock. 
2. Resuspend transformed cells in 200 μl SOC.
3. Incubate at 30° C for 30 minutes.
4. Plate out onto LB agar bacterial growth plates (3 μg/ml tetracycline) and incubate at 30° C for 32 hours. Note, tetracycline is light sensitive so ensure the plate is kept in a dark incubator.
5. Take a single colony to inoculate 10 ml LB bacterial growth media (3 μg/ml tetracycline) in a 50 ml falcon tube. Incubate at 30° C, 200 rpm, for 32 hours.
6. Use 5 ml of the above starter culture to inoculate 500 ml LB bacterial growth media (3 μg/ml tetracycline) in a 2 l Erlenmeyer flask, and incubate at 22° C, 200 rpm until an OD600 is 0.2. 
7. Add 15 ml 10 % L-arabinose solution to the culture (final concentration approximately 0.3 %) and return to orbital incubator and incubate at 22° C, 200 rpm until an OD600 is 0.35-0.4. Do NOT let them grow beyond 0.4 as this drastically reduces the competency of the cells.
8. All handling from this point should be conducted in a cold room, and samples transported on ice to the centrifuge. Ensure the centrifuge is pre-cooled to 4° C. Pour the cultures into 500 ml centrifuge bottles and centrifuge at 300 g for 15 minutes. This may take multiple spin cycles to harvest all of the cells. 
9. Wash residual growth media and salt contamination from the cells by resuspending and washing with 50 ml ice cold 10 % UltraPure glycerol (Invitrogen). These cells are fragile so resuspension should be done with care. Once resuspended, centrifuge at 300 g for 10 minutes. Repeated washing three times.
10.  After the final wash, centrifuge at 300 g for 10 minutes and pour of the supernatant.
11.  Carefully resuspend cells in the residual 10 % UltraPure glycerol (approx. 1 ml). 
12.  Aliquot these cells in pre-chilled Eppendorf tubes and store at - 80° C until required. 

Support Protocol 3: Boiling Miniprep plasmid DNA extraction
This boiling Miniprep plasmid DNA extraction method enables efficient purification of plasmid DNA and identification of the correct clone by restriction digest analysis for up to 48 colonies simultaneously in 3 hours.
Reagents
· Selection of restriction endonucleases for diagnostic fingerprint digestion screening. Generally cheaper enzymes like EcoRV, EcoRI, BamHI, HindIII, PvuII and XhoI cut better. Note PvuII can cut slow and we have noticed sites that are not cut. Also, low salt cutters generally do not cut DNA from boiling prep minis.
Solutions
· 3 M sodium acetate (pH 5.2): 3 M NaAc dissolved in ddH2O. pH adjusted with acetic acid.
· STET Buffer: 8% (w/v) sucrose, 0.1% (v/v) Triton X-100, 50 mM EDTA pH 8,        50 mM Tris HCl pH 8.
· RNase A solution: 2 mg/ml RNase A from bovine pancreas lyophilized powder (Roche10109142001) dissolved in 10 mM Tris pH 7.5, 15 mM NaCl. Aliquots flash-frozen in liquid nitrogen. Avoid repeated freeze-thaw cycles.
· Lysozyme solution: 10 mg/ml lysozyme from chicken egg white lyophilized powder (Sigma L6876) dissolved in 10 mM Tris HCl pH 7.5. Aliquots flash-frozen in liquid nitrogen. Avoid repeated freeze-thaw cycles.
· Tris-EDTA (TE) buffer: 10 mM Tris pH 7.5, 1 mM EDTA pH 8.
Laboratory equipment
· Heating plate capable of holding 300-500 ml water dish at a rolling boil.
· Foam holder for Eppendorf vials. We use a robust foam (about 2 cm thick) and punch holes in it to hold 24 tubes.
· Wooden stick, 30 cm (bamboo skewer).
· Toothpick (or yellow tip)
· [bookmark: _GoBack]Benchtop microfuge.
· Vortex.
Protocol steps
1. Set up 3 ml 2YT media overnight cultures for each colony (typically 6-12 colonies, which will yield at least 1-2 positive colonies) and place in an orbital incubator set to 35.5° C, 200 rpm.
2. The following morning, transfer 1.5 ml of each culture into a 1.5 ml Eppendorf tube. 
3. Centrifuge the 1.5 ml tubes at low speed (300 g) for 5 minutes.
4. Pour off the supernatant and tap the tube onto a paper towel to remove residual media. We use a wooden stick to hold all 16 Eppendorf tubes in the rack to pour off the supernatant.
5. Resuspend the cells in 400 μl STET buffer and 30 μl lysozyme (10 mg/ml) by vortexing and place in foam holder.
6. Incubate at room temperature for 5 minutes.
7. Place the tubes in a dish with boiling water (containing boiling stones, essential to prevent boiling delays resulting in spills of hot water) for 1-3 minutes.
8. Immediately centrifuge at high speed (16,400 g) for 10 minutes.
9. Remove the pellet with a toothpick and discard.
10.  Add 60 μl master mix consisting of 50 μl 3M Sodium Acetate (pH 5.2) and 10 μl RNase A (2 mg/ml).
11.  Mix by inversion and incubate at room temperature for 5 minutes.
12.  Add 500 μl isopropanol (1 volume) and mix by inversion.
13.  Centrifuge at high speed (16,400 g) for 10 minutes.
14.  Pour off the supernatant and tap the tube onto a paper towel to remove residual fluid. We use a wooden stick to hold all 16 Eppendorf tubes in the rack to pour off the supernatant.
15.  Wash the pellet with 750 μl 75 % (v/v) ethanol.
16. Pour off the supernatant and tap the tube onto a paper towel to remove residual fluid. We use a wooden stick to hold all 16 Eppendorf tubes in the rack to pour off the supernatant.
17.  Air dry the pellet (15 minutes in 35.5° C incubator with a fan, longer at room temperature). Ensure no residual ethanol (by smell) is left behind, as this will inhibit the restriction digest.
18.  Resuspend in 50 μl TE buffer by vortexing.
19.  Proceed to restriction digest analysis.
20. Use 10 µl Miniprep DNA and 10 µl restriction digest master mix. After 30-40 minute incubation at 37º C, load 10 µl onto an agarose gel containing a DNA stain (e.g ethidum bromide, SYBR Safe or similar).
21. Identify positive clones from the respective DNA restriction digest.
22.  Sequence positive colonies. We use 2.5 µl Miniprep DNA and 0.3 µl primer (20 µM) in 10 µl for immediate Sanger sequencing in house. (Prepare this mix freshly, do not freeze this mix prior to sequencing). For sending Miniprep DNA abroad for sequencing, purification by phenol:CHCl3 extraction and precipitation (see Basic Protocol 1, steps 15-25) is required.


Support Protocol 4: Quantification of DNA fragments using EcoRI/HindIII digested lambda DNA.
This support protocol describes quantification of DNA fragments on stained agarose gels. Here, the fluorescent intensity of DNA fragments is compared to known concentrations of EcoRI/HindIII digested lambda DNA (Promega G173A) or the 100 bp ladder (NEB B7025)
. This method is much more sensitive and accurate than measuring the concentration by Nanodrop (minimum of 50 ng/µl required for a 1 kb fragment). We validate the concentration of fragments prior performing Gibson Assembly (Gibson et al., 2009).
Reagents
· Agarose.
Recipes
· 9x DNA loading dye (10 ml): 5 ml glycerol, 1 ml 0.5 M EDTA pH 8, 100 μl 100 mM Tris pH 7.5, 5 mg (0.5% w/v) xylenecyanol (Sigma X4126, 5 mg (0.5% w/v) bromophenol blue (Sigma B8026), made up to 10 ml with ddH2O.
· 100 bp DNA ladder (NEB B7025) (500 μl): 100 μl marker solution, 100 μl ddH2O, 300 μl 9x DNA loading dye. Final concentration of 100 ng/μl.
· EcoRI/HindIII digested lambda DNA (Promega G173A) (1323 μl): 200 μl marker solution, 423 μl ddH2O, 700 μl 9x DNA loading dye. Final concentration of 75 ng/μl. 
· TAE Buffer (1 L 50x stock solution, dilute 1:50 for 1x working solution): 242g Tris base, 57.1 ml glacial acetic acid, 100 ml 0.5 M EDTA pH 8.
· 1-2.5% (w/v) TAE agarose gels with 0.005 % (v/v) (5 μl in 100 ml liquefied agarose) ethidium bromide (Fluka 46067).
Laboratory equipment
· DNA agarose gel electrophoresis apparatus.
· Transilluminator (preferably fitted with a suitable camera, we use the ‘Gel Doc’ system from Syngene).
Protocol steps
1. Load 5 μl of the marker into the TAE agarose gel adjacent to the sample to be quantified. For fragments, load 1-5 μl depending on their approximate concentrations using 2μl 9x DNA loading dye.
2. Run TAE agarose gel electrophoresis. When run with the DNA loading dye described above, the bromophenol blue and xylenecyanol act as visible markers, migrating at ~500 bp, and 4-5 kb, respectively.
3. Transfer the agarose gel to a transilluminator. Avoid oversaturating the visible bands while imaging.
4. Compare the band intensity of each fragment to the band intensity of the marker.
5. Marker band intensities for 5 µl marker are as follows:
a. EcoRI/ HindIII digested lambda DNA (378 ng/5 μl): 21212 bp (166 ng), 5150 bp (40 ng), 4974 bp (40 ng), 4271 bp (33 ng), 3538 bp (27 ng), 2024 bp (16 ng), 1906 bp (15 ng), 1584 bp (12 ng), 1375 bp (11 ng), 947 bp (7 ng), 832 bp (6 ng), 564 bp (4 ng), 125 bp (1 ng).
b. 100 bp DNA ladder (502 ng/5 μl): 1517 bp (45 ng), 1200 bp (35 ng), 1000 bp (95 ng), 900 bp (27 ng), 800 bp (24 ng), 700 bp (21 ng), 600 bp (18 ng), 500/ 517 bp (97 ng), 400 bp (38 ng), 300 bp (29 ng), 200 bp (25 ng), 100 bp (48 ng).
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