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Title: Recombineering of Homologous Recombination Constructs in Drosophila
Schematic Overview (read by a voice talent at JoVE)

The overall goal of this procedure is to rapidly generate large homologous recombination vectors that can be used to target and manipulate endogenous Drosophila loci. (Intro)  This is accomplished by first selecting a BAC clone covering the genomic region of interest. (P1)  The second step of the procedure is to clone homology arms into homologous recombination vector. (P2)  The third step is to clone genomic DNA into the homologous recombination vector using gap repair. (P3) The final step is to replace the genomic region with the targeting cassette. (P4)  Ultimately, these procedures will engineer a targeting vector for ends-out homologous recombination to generate unequivocal null mutations or tagging endogenous proteins in Drosophila through the usage of recombineering-based techniques. Additionally, the written manuscript also includes a protocol for how to mobilize these cassettes in vivo to generate a knockout, or a tagged gene via knock-in. (P5)
Video editor:

P1 – start with the image for P1, include everything except the orange/yellow blocks and then fade on the orange blocks.

P2 – using the image for P2, starting with the top bit row, add the arrows around the orange/yellow blocks.  Then fade out everything but those blocks and have the two blocks join to make the center part of the image and remove the arrows around the orange blocks.  Lastly fade to the orange/yellow blocks with the loop at the bottom of the image.

P3 – flip the current image, to become the top part of the image provided for P3.  Next, recognize that the grey/green-block line is the same as was shown in P1.  You could tuck that line to the side of the screen and bring it back at this point as shown in the top part of the image for P3.  This become the bottom part of the P3 image because the orange/yellow blocks match to both lines.  So the green/grey block line joins the circle.

P4 – introduce the red block line provided in the image for P4, have it shrink down so the words disappear, slide into position and then add the two dashed X.  Fade to the bottom part of the P4 image.

P5 – shrink down the last image in P4 to be a part of the top left section of the image of P5.  This includes the fly, the shrunk down part from P4 and the bars and labels below.  Now, take all of this, make it smaller and to the right to make room for the upper right part of the image of P5.  Then add the cross between the two and draw the resulting line.  Push existing image to the top of the screen and add the remainder of P5.  Then zoom in on the bottom left section, pushing the rest off screen.  So we end on the fly with the pink eye and the bars below.
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1. Introductory Interview (spoken by you on camera. Don’t forget to smile!)  

1.1. Arnaldo Carreira-Rosario: The main advantage of this technique over existing methods is that it can easily be adopted for multiple targets in parallel and provides a means for manipulating the Drosophila genome in a timely and efficient manner. To achieve this goal our methods combine recombineering and Gateway technologies to generate the homologous recombination targeting vectors. In contrast to conventional restriction enzyme/ligase cloning, these technologies are not limited by the sequence or size of the manipulated DNA, thereby facilitating the cloning process. 
1.2. Nathan D. Williams: Though this protocol describes a method to generate a targeting cassette for gene knockout, it can also be used to manipulate any endogenous locus in virtually any desirable manner, including tagging a gene of interest, replacing a gene of interest with Gal4 and to generate protein truncations or reporter lines.
Protocol Chapters (read by a voice talent at JoVE):
2. Selection of BAC Clone and Region to Target

2.1. To acquire a BAC with the gene of interest, which is CG32095 in this example, open a search for the gene at flybase.org.
2.1.1. SCREEN CAPTURE: open flybase and search for CG32095

2.2. To get the list of BACs, look under the stocks and reagents section and check the section entitled "Genomic Clones".  
2.2.1. SCREEN CAPTURE: show the step above

2.3. From the available options, find a clone that includes at least 10-kb upstream and 5-kb downstream the gene of interest.  These regions are used as homology arms. This can be done by aligning the 5’ end and the 3’ end sequences of the BAC against the Drosophila genome. 
2.3.1. SCREEN CAPTURE: show the step above

2.4. Alternatively, clones in the original P[acman] vector can also be found at pacmanfly.org.  (TEXT: http://www.pacmanfly.org/libraries.html)
2.4.1. SCREEN CAPTURE: show opening pacmanfly and search for BAC

2.5. Now, select primers to amplify the 500 base pairs at the end of each of the homology arms. These fragments, called LA and RA, are used to recombine the genomic region between the homology arms into the P[acman] KO 1.0 plasmid. 
2.5.1. SCREEN CAPTURE: show the selected sequence in a primer picking tool

LAB MEDIA: Fig1_Step1
Video editor: show the figure first, then slide into a corner and show the SCREEN CAPTURE
2.6. Make certain that the 500 base pair homology arms do not contain BamHI restriction sites, as these will be digested to linearize the plasmid. 
2.6.1. SCREEN CAPTURE: open a map of the sequence in software showing BamHI restriction sites

3. Insert the Homology Arms into P[acman]-KO 1.0
3.1. Set up two individual PCR reactions to amplify the LA and the RA fragments.
3.1.1. WID: talent at bench, with many reagents in small tubes, on ice or on cold blocks and some not - picks up pipetter and attaches tip and loads small tube with various reagents (setting up a master mix for the PCR)
3.2. For the LA fragment, into the forward primer incorporate attB1 and I-SceI sequences.  In the reverse primer, incorporate a BamHI site.
LAB MEDIA: Table 1  - Video editor, show column 1 & column 3 for the first two row and the title row
LAB MEDIA: Figure 2
3.3. For the RA fragment, include a BamH1 site in the forward primer and the attB1 and I-SceI sites in the reverse primer. 
LAB MEDIA: Table 1 - Video editor, show column 1 & column 3 for rows 3+4 and include the title row (row 0)
LAB MEDIA: Figure 2
3.4. As a template, use either a microliter of BAC DNA or half-a-microliter of BAC-containing bacteria that was cultured overnight and boiled. (TEXT: See the manuscript for PCR conditions)
3.4.1. CU: small tube labeled “BAC DNA” uncapped and pipette used to draw up a tiby volume
3.4.2. MED: a bacteria-culture tube removed from boiling water, or removed from heat, because it is at a boil
3.5. In this and all subsequent PCRs, make sure to use a DNA polymerase with proofreading capability.  This is not, however, necessary for the PCR checks.
3.5.1. ECU: talent turns the label of vial containing good-proofreading DNA polymerase, label is clear, tube on ice or in cold block
3.5.2. CU: uncaps the same vial and takes a tiny aliquot
3.6. Run the PCR samples on a 1% agarose gel and extract the products using a Zymoclean DNA recovery kit. 
3.6.1. MED: talent removes gel from electophoresis device, Zymoclean kit on bench, ready to use

3.7. Elute the DNA with 10 μL of sterile water.
3.7.1. MED: talent removes tubes from centrifuge that have columns

3.7.2. ECU: tube with column – column removed showing just the solution below, eluted DNA
3.8. Next, using 10 to 30 nanograms from each amplified DNA, perform a splicing by overlapping extension PCR.  This usually uses about one twentieth of the purified PCR products.  (TEXT: See the manuscript for SOE PCR conditions)
LAB MEDIA: Figure 2
Video editor: start with the top row of Fig 2, then fade to the middle row, then fade to the third row.  Do not use the legend, it will be too much for the viewer to read, AND delete the text “from step 2.1” in the top row
3.9. Now, following standard methods, clone the LA/RA fused fragment into the Pacman KO plasmid. This plasmid can be requested from the Buszczak lab.
LAB MEDIA: Figure 1, step 2.3&2.5  Video editor: these are the second two parts of this image sequence
3.9.1. ECU: vial with Pacman KO plasmid, clearly labeled, pipette takes aliquot
4. Recombining the genomic region of interest into P[acman]-KO 1.0
4.1. Inoculate SW102 cells containing the BAC of interest into 4 mL of LB plus the appropriate selection antibiotic – in this case, 25 μg/mL chloramphenicol.
4.1.1. WID: talent with plate of cells, picking cells 
4.1.2. MED: placing picked cells in tube with LB, repeats process of picking at least 2x
4.2. Grow the culture at 32 °C, overnight, at 250 rpm.   Be cautious that the temperature does not exceed 32 °C, or the recombination machinery of the cells will be activated.
4.2.1. WID: talent loads the rack of tubes into an incubator, turns on shaker, zoom in on temp reading as door closed
4.2.2. CU: talent has closed door, just show the temperature of the incubator, 32 C or just under, but not over
4.3. The following day, digest 0.4 micrograms of the Pacman KO containing the LA and RA with approximately 20 units of BamHI in a 25 microliter reaction at 37 °C.  Run a long reaction of at least 3 hours, as this is critical to eliminating false positives.
4.3.1. WID: talent at bench taking an aliquot of Pacman KO and loading into a clean tube 
4.3.2. CU: uncaps enzyme tube, show label that has “BsmH1” on it
4.3.3. MED: loads tubes with enzyme, caps and places in warm block on in floater in water bath, starts timer to countdown from 3 hours
4.4. Next, inoculate a milliliter of the saturated SW102/BAC culture in 44 milliliters of LB with chloramphenicol.  Grow it on at 32 °C with shaking, to an OD600 of 0.2 to 0.3, which usually takes between 60 and 90 minutes.
4.4.1. WID: removes culture tubes from incubator

4.4.2. MED: at hood, adds some of small tube to larger bottle with media

4.4.3. WID: attaches bottle to shaker in incubator 
4.5. Also start a parallel culture as a non-heat-shocked negative control. The appearance of many colonies on this control usually indicates transformation with undigested plasmid. While the culture is growing, run the BamHI-restricted plasmid on a gel.
4.5.1. MED: attaches a second bottle of culture to shaker

4.5.2. CU: starts the shaking, closes incubator door

4.5.3. MED: loading a gel with sample from water bath
4.6. Then, gel-extract and elute the DNA in 10 μL of warmed water, but definitely not buffer, at up to 55 °C.  Salt in buffers will foul the electroporation.
4.6.1. MED: cutting out agarose from gel and loading it in tube for gel-elution
4.6.2. MED: loading pipette with warm water and adding to tube with gel chunk
4.7. Heat-shock the culture at 42 °C for exactly 15 minutes in a water bath, but leave the non-heat shock control culture at 32 degrees.  
4.7.1. WID: placing culture bottle in a warm water bath
4.7.2. CU: with temperature reading on the bath in background, the talent hold a timer and starts it counting down from 15 minutes
4.8. Then immediately transfer both cultures to chilled 50-mL canonical tubes and let them sit in an ice-water slurry for 5 minutes.  Keeping the cells at low temperatures is crucial to their competence.  Also, never vortex or flow the cells through a pipet. 
4.8.1. WID: at hood, talent arrives with both culture bottles
4.8.2. MED: transferring bottle contents to 2 50 ml tubes
4.8.3. CU: talent swirls cells in tubes and jams it into the ice/water slurry
4.9. Now, centrifuge the cultures.  (TEXT: 1500 X G, 10 min, at 4 °C) Discard the supernatant and wash the pellet in ice-cold 10% glycerol.  First add 5 milliliters of glycerol, next resuspend the cells with tapping and swirling and then add 20 more milliliters of glycerol.
4.9.1. WID: loading centrifuge with tubes taken from water/ice bath, starting the centrifuge
4.9.2. MED: holding tube, talent removes the supernatant and ejects it into waste
4.9.3. CU: glycerol added to the cell pellet and the tube is tapped/swirled until cell are in solution, then more glycerol is added
4.10. Repeat the centrifugation and re-suspension in 10% glycerol twice more and then centrifuge the cells once again.  At this point the cell pellet may be very loose and care should be taken when discarding the supernatant. 
4.10.1. Reuse snippets of 4.9.1-4.9.3
4.10.2. Reuse 4.9.1
4.10.3. ECU: supernatant is removed from tube, cells are loose and process is tricky, show in detail
4.11. Now, resuspend the pellet in 1 mil of cold 10% glycerol and transfer the cells to a 1.5 mL tube.
4.11.1. MED: talent loads pipette with cold glycerol and adds it to the cells in tube, then draws up mixture and ejects it into a smaller tube
4.12. Centrifuge the cells for 30 seconds at 12,000 X G at 4 °C and discard most of the supernatant, leaving behind about 90 μL of cells in glycerol.  At this point the cells can be stored at negative 80 Celsius, however, this may decrease their competence. 
4.12.1. MED: loads the two small tubes in centrifuge and starts the spin
4.12.2. ECU: one of the tubes after the spin – supernatant removed to leave some cells and glycerol behind
4.12.3. MED: like 4.12.2 on second tube
4.13. Now, add 2 μL, or 50 nanograms, of the BamHI-digested plasmid to the cells and stir them gently using a pipet tip.  Transfer the mixture to a 1-millimeter electroporation cuvette and electroporate the cells. (TEXT: 1800 V, 25 µF, 200 W)
4.13.1. MED: talent takes aliquot of plasmid DNA and adds to the cell tubes
4.13.2. CU: mixing with the pipette tip then sucking it up
4.13.3. MED: loads mixture into electoporation cuvette and loads electroporator
4.14. Next, add 300 μL of S.O.C. and let the cells recover for 2 hours at 32 °C, without shaking.
4.14.1. WID: transfers cells from cuvette to tube and adds SOC solution to that tube & follow talent to 32 ºC incubator where the tubes are loaded
4.15. After the recovery period, plate the cells on LB agar with 50 micrograms of ampicillin per milliliter solution.  Then, incubate the cells at 32 °C for 24 to 30 hours.
4.15.1. WID: 
arrives at hood with two small tubes
4.15.2. MED: plates the tubes with “LB+Amp” solution, seen on label of bottle in shot
4.16. The next day, screen for proper gap-repair colonies by PCR.  Use T3 and RA check primers for the RA fragment and T7 and LA check primers for the LA fragment. It is critical to test both arms since incorporation of one arm but not the other is sometimes observed.
4.16.1. MED: adding the picked colonies to the PCR tubes and then transferring pick to media rack 
4.16.2. CU: T3, RA check, T7 and LA check primer vials
4.16.3. MED: loading the PCR machine
4.17. The check primers must be designed 100 to 200 base pairs towards the targeted region. If subsequent steps fail, these primers can be validated using neighboring primers and the original BAC as a template. 
4.17.1. SCREEN CAPTURE: using the targeted region and a primer picking program, show the results
4.17.2. WID: talent approaches PCR machine and unloads samples
4.17.3. MED: loading gel to test the PCR 
4.18. The positive colonies from the PCR will show a band that runs at 800 to 1000 base pairs.
LAB MEDIA: Figure 3 
4.19. Grow up the positive colonies at 32 °C in 4 mL of media with ampicillin, overnight. A frozen stock of these cells can be made for later use.
4.19.1. MED: selecting a positive colony/media from media rack (4.16.1)
4.19.2. WID: loading selected colony/media into incubator
5. Replacing the genomic region with the targeting cassette
5.1. Begin by amplifying the RFP/KAN knockout cassette from linearized plasmid using the appropriate primers. (TEXT: pENTR-RFP/KAN digested with Asc1 and Nhe1)
5.1.1. Reuse 4.17.1 and 4.17.2
5.2. Then, gel-purify the product and elute it in 20 μL of sterile water. The RFP-KAN cassette plus the homology arms should run around 3 kilobases. 
5.2.1. Reuse gel purification 4.6.1 and 4.6.2
5.3. Inoculate 1 mL of the saturated SW102/P[acman]-KO culture into 44 mL of LB with chloramphenicol.  Grow it up at 32 °C, on a shaker to an OD600  of 0.2 to 0.3.  Also, include an identical sample for the non-heat shock, negative control. 
5.3.1. Reuse 4.4.2, inoculating 44 ml LB with smaller volumes
5.3.2. Reuse 4.4.3, loading incubator and starting shaking
5.3.3. Reuse 4.2.2, showing that the incubator is at 32 ºC
5.4. After the cultures reach the desired density, purify them for electroporation, as described in the previous section.
5.4.1. Reuse a sequence of snippets from 4.9.3, 4.12.1, and 4.12.3
5.5. Next, electroporate about 100 ng of the targeting cassette into 50 μL of the electrocompetent cells, using the same method previously reported.
5.5.1. Reuse 4.13.3 – electroporating cells
5.5.2. Reuse 4.14.1 – cell recovery period
5.6. After the cells have recovered for two hours, plate them on LB agar with ampicillin and kanomycin. (TEXT: 50 μg Amp / mL + 50 μg Kan / mL)  Incubate the plates for 24 to 30 hours at 32 °C.
5.6.1. MED: plating recovered cells onto media plates 
5.6.2. WID: loading media plates into the incubator
5.7. The next day, grow 5-mL cultures from 5 different colonies at 32 °C, overnight.
5.7.1. Reuse 4.1.2 – inoculating LB with picked colonies
5.8. On the following morning, perform a “dirty miniprep” and run half of the obtained DNA on a 1% agarose gel to look for the presence of a low-molecular weight plasmid.
5.8.1. Reuse 3.7.1, removing tubes with column filters from centrifuge
Added shot: talent transferring a bacterial lysate supernatant into a new tube and adding isopropanol  (this is a step of a dirty miniprep)
5.8.2. Reuse 4.17.3 or 4.5.3 (whichever is better) – loading a gel
5.9. There should not be any plasmid that runs below 12 kilobases.  Save the DNA from colonies without background plasmid or for restriction enzyme digest test. 
LAB MEDIA: Figure 4 
5.10. Now, make a 1:500 dilution of the DNA from a positive clone and use 1 μL of the diluted DNA to electroporate into 50 μL of TransforMax EPI300 cells.
5.10.1. Reuse 4.13.3 – electroporating cells
5.10.2. Reuse 4.14.1 – cell recovery period
5.11. Plate the recovered EPI300 cells in LB agar with Ampicillin and Kanomycin and incubate them for 18 to 24 hours at 37 °C.
5.11.1. Reuse 4.15.1 – returning to hood
5.11.2. Reuse 4.15.2 – plating cells
5.12. On the following day, inoculate a single colony in 10 mL of LB and grow it up overnight.
5.12.1. Reuse 4.1.1 – picking colonies WID
5.12.2. Reuse 4.1.2 – inoculating LB with picked colonies
5.13. On the next morning, from the saturated culture, seed 100 mL of LB, add the appropriate antibiotics and add 100 μL of 1000 X copy control solution.  Incubate the culture at 37 °C for 5 to 6 hours, with shaking. 
5.13.1. WID: talent loading flasks with 100 ml LB and antibiotics
5.13.2. MED: adding saturated culture to one flask and 1000 X control to second flask
5.13.3. Reuse 4.4.3 – loading incubator and starting shaking
5.14. Later that day, perform a maxiprep and verify the insertion of the cassette in the correct site by sequencing.
5.14.1. WID: working with a Maxiprep kit, unloading solutions and performing typical actions of the first step – long shot
5.15. Now, design and perform a restriction enzyme digest test using a clone with correct sequencing results to characterize the recombineered vector. 
5.15.1. SCREEN CAPTURE: show the RE map of the sequence being digested and have the program show the expected result of the digest to be preformed (CG32095 vector serially digested with PacI, AscI, BamHI and AatII)
5.15.2. Reuse 4.4.3 – starting RE digest
5.16. In this example, the CG32095 targeting vector was serially digested with PacI, AscI, BamHI and AatII. The appearance of all the predicted bands and absence of any incorrect bands confirms that the targeting vector has been correctly recombineered.
LAB MEDIA: Figure 5
5.17. The vector may now be transformed into flies expressing recombinase.  Transformant flies can be selected from their progeny. (TEXT: See the written manuscript for details.)
LAB MEDIA: Figure 6
6. Anticipated Yields
6.1. Amplification of the LA and RA homology arms should produce 500 base pair products …

LAB MEDIA: Figure 1, 2.1

6.2. … and the PCR-SOE reaction should yield a one kilobase product.

LAB MEDIA: Figure 2

6.3. The BP reaction is typically very efficient.  Bacterial transformation of its product usually yields 5 to100 colonies. Nearly all the colonies tested with a PCR check show the expected product. 

LAB MEDIA: Figure 1, 2.3_2.5

6.4. During the first round of recombineering, expect to get 20 to 40 colonies after transforming the digested P[acman]-KO-1.0 containing the LA and RA arms into SW102 cells containing the BAC of interest. 

LAB MEDIA: Figure 1, 3.1-3.10 top half of diagram 
6.5. 40 to 60% of these clones will carry the desired recombination product. 

LAB MEDIA: Figure 1, 3.1-3.10 bottom half of diagram

6.6. In this example, about 60 colonies were obtained and the PCR check showed about 60% of the colonies carried the desired recombination product. 

LAB MEDIA: Figure 3

6.7. The second round of recombineering is typically much more efficient. 
LAB MEDIA: Figure 1, top half of illustrations for step 4.5

6.8. Normally 3 to -50 colonies are observed after transformation, with 90 – 95% containing the desired construct.

LAB MEDIA: Figure 1, bottom half of illustrations for 4.5

6.9. Plasmid below 12 kilobases identifies false-positive colonies, such as Clone 2 in this example.

LAB MEDIA: Figure 4
7. Conclusion Interview (spoken by you on camera)

7.1. Arnaldo Carreira-Rosario: While attempting this procedure, it’s important to remember that recombination events of large DNA fragments in bacteria is not very efficient. Therefore, to obtain optimal results it is crucial to prepare high-quality electrocompetent cells and use fresh DNA. 

7.2. Nathan D. Williams: After watching this video, you should have a good understanding of how to generate a targeting vector for ends-out homologous recombination in Drsophila. This vector can be used to produce any desired clean molecularly-defined manipulation of single genes at their endogenous loci. 
List of Provided Media Filenames and Descriptions (fill this in)

Please insert your media filenames here.

General Preparation

It’s critical for a smooth and organized shoot that all reagents are accounted for, in advance.   

Any overnight or long incubation steps should be recognized and specimens/samples be prepared in advance so that prior steps can be recorded and shooting can continue with pre-prepared specimens/samples.  

All tubes/flasks should be pre-labeled neatly before we arrive.  

Ex. Luciferase assay done in 96 well plates should be labeled with negative/positive control wells and experimental samples are labeled accordingly.
( 2013, Journal of Visualized Experiments


