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Authors, please fill out the brief questionnaire below.   
A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) ____N_____ If yes, please list make and model of your microscope: ______________________________
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)__N______ 
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps_________2.11~2.13, 4.4_________________

D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  The single most difficult aspect of this procedure is obtaining the final linear recombinant PCR amplicon from three PCR amplicons. To ensure success, three PCR amplicons as templates were adjusted near to equal amount________________
1. Introduction (Schematic Overview and Interview)
A. Schematic Overview (read by voice talent at JoVE):

Procedural Narrative:
The overall goal of this procedure is to make genome-wide single gene deletions in Streptococcus sanguinis by high throughput PCR. (Intro)
This is accomplished by first obtaining three amplicons by high-throughput PCR-amplification including the antibiotic resistance gene as well as the upstream and the downstream DNA sequences of the target gene. (P1)  
Editors, please highlight the diagonally slashed rectangle at the far right of the P1 illustration as “antibiotic resistance gene” is narrated.  Then highlight the left-most rectangle as “upstream” is narrated and the middle rectangle as “downstream” is narrated.
The second step is to obtain the linear recombinant PCR amplicon using three PCR amplicons as templates. (P2)
Editors, please animate the insertion of the middle rectangle into the longer rectangle of P2 
Next, the competent S. sanguinis cells are prepared. (P3)
Editors, please animate P3 using the arrows.
The final step is to transform the linear recombinant PCR amplicon into competent S. sanguinis cells. (P4)
Editors, please animate P4 using the arrows.
Ultimately, colony PCR amplification and DNA sequencing are used to verify the correct mutants. (P5)
Editors, please show figure 2C here and then animate P5 using the arrows. 
Paste a copy of your graphic overview here.  The original file should be Adobe Illustrator (preferred) or Powerpoint (see instructions) and should be uploaded through your online submission on the JoVE website. Please keep all layers in the file (i.e., do not flatten the file).   
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B.  Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. Ping Xu: The main advantage of this technique over existing methods, like suicide plasmid knock-out, is that genome-wide gene deletion constructs could be directly created by high throughput PCR.   
1.1.1. MED:  Ping speaks toward camera.
Protocol (read by voice talent at JoVE):

2. High-throughput PCR amplification and purification
2.1. Primers can be designed and synthesized as described in the written protocol, using in house scripts based on the Streptococcus sanguinis SK36 (pronounced "strep-toe-kock-us san-gwin-is S-K-thirty-six") genome sequence. Three sets of primers were designed for amplification of: the 1-kb upstream sequence of the target gene, the aphA-3 (pronounced "a-p-h-A-3") gene encoding kanamycin resistance protein, and the 1-kb downstream sequence of the target gene.
2.1.1. LAB MEDIA:  Figure 1.  Editors, begin with the whole figure.  After the 1st sentence is narrated, zoom into the top portion of the figure (above PCR 4).  Then, as the 1-kb upstream sequence of the target gene is narrated, please highlight the grey rectangles (under PCR 1).  Then, as “the aphA-3 gene encoding kanamycin resistance protein” is narrated, highlight the diagonally striped rectangles in the center of the figure (under PCR 2).  Finally as the “1-kb downstream sequence of the target gene” is narrated, highlight the green rectangles (under PCR 3).  
2.2. Gene specific primers, R1 and F3, are designed based upon the 5’ and 3’ sequences of the target gene.  
2.2.1. LAB MEDIA:  Figure 1.  Editors, please highlight the diagonally striped portion of R1 and F3 as well as the diagonally striped portion of the corresponding rectangle. 
2.3. To high-throughput amplify the 1 kilobase upstream or downstream region of the target S. sanguinis (pronounced "S san-gwin-is) genes, first assemble a PCR cocktail mixture on ice in a 15-ml conical tube.  See the text for the components of the PCR mixture containing S. sanguinis genomic DNA.
2.3.1. MED:  Talent pipettes the components of the PCR cocktail mixture into a labeled 15-ml conical tube on ice.  Match/continue action in next shot. 
2.3.2. CU:  Talent pipettes the components of the PCR cocktail mixture into a labeled Eppendorf tube on ice.  
2.4. Transfer 23 µl of the mixture into each well of a 96-well PCR plate using a multichannel pipette.  For the upstream sequence of the target gene, transfer 1 µl each of F1 and R1 from 10 µM working primer plates to the PCR plate using the multichannel pipette.  Do the same with F3 and R3 primers to amplify the downstream sequence of the target gene.
2.4.1. MED-over the shoulder:  Talent transfers 23 µl of the mixture into each well of a 96-well PCR plate using a multichannel pipette.
2.4.2. CU:  96-well plate and F1/R1 working primer plate as talent transfers 1 µl of each primer from the F1/R1 primer plate to the appropriate wells of the 96-well plate using the multichannel pipette.
2.4.3. MED or MED-over the shoulder:  Talent transfers 1 µl of each primer from the F3/R3 primer plate to the appropriate wells of the 96-well plate using the multichannel pipette.
2.5. Seal the PCR plate and perform amplification at 94 °C for 1min followed by 30 cycles of 94 °C for 30 sec, 54 °C for 30 sec and 68 °C for 1.5 min.
2.5.1. MED:  Talent places the sealed PCR plate into the PCR machine.
2.5.2. MED-over the shoulder:  Talent programs the PCR machine or reviews program and starts reaction.
2.6. Following amplification, prepare a 1% agarose gel containing ethidium bromide with 48 wells fitting multichannel pipette loading.
2.6.1. CU:  Talent places the 48 well fitting into the poured gel.  
2.7. Mix 4 µl of the PCR product with 1 µl of 5×DNA loading buffer on a 96-well plate.  Load the samples on an agarose gel using a 10-µl multichannel pipette.  Run electrophoresis at 135 V for 30 min.  Examine the band on gel under a UVP documentation and analysis system.
2.7.1. MED-over the shoulder:  Talent mixes 4 µl of the PCR product with 1 µl of 5×DNA loading buffer on a 96-well plate.
2.7.2. CU:  Gel as talent loads samples on the gel using a 10-µl multichannel pipette.
2.7.3. MED:  Talent starts the gel to run at 135 V.
2.7.4. MED-over the shoulder:  Talent examines the band on the gel under the UVP documentation and analysis system.
2.8. Purify the PCR products by the PureLink 96 PCR purification kit using centrifugation according to the manufacturer’s instruction.  For eluting DNA, add 40 µl of sterile double distilled water to each well of the binding plate. 
2.8.1. MED/MED-over the shoulder:  Multiple takes as talent places the PureLink filter/binding plate into the centrifuge.  Shot will be reused once.
2.8.2. CU:  Purelink filter plate as talent pipettes 40 µl of sterile double distilled water to a well in order to elute DNA.
2.9. Randomly pick several purified amplicons on the plate to examine the DNA concentrations using a NanoDrop spectrophotometer.  Adjust the concentration of amplicons on the plate to approximately 10 ng/µl.
2.9.1. MED:  Talent examines the DNA concentration using the NanoDrop spectrophotometer.
2.9.2. MED-over the shoulder:  Talent adjusts the concentrations of amplicons to 10 ng/µl by adding buffer to the wells.
2.10. Next, use EcoRI to digest a plasmid containing the kanamycin resistance cassette so that it can serve as the PCR template.  Purify the digested plasmid using the QIAquick PCR purification kit and adjust the linear plasmid DNA to final DNA concentration 10 ng/µl.
2.10.1. CU:  Labeled tube containing the plasmid containing kanamycin resistance cassette as talent adds EcoRI from labeled container.
2.10.2. MED:  Talent at bench with QIAquick PCR purification kit, places the sample into a microcentrifuge to elute the sample.
2.11. Assemble a 25 µl PCR mixture for the kanamycin resistance cassette amplicon including F2 and R2 primers as listed in the written procedure accompanying this video.  Proceed to perform PCR amplification as instructed there.
2.11.1. MED-over the shoulder:  Talent prepares the 25 µl pcr mixture for the kanamycin resistance cassette amplicon.
2.11.2. MED/WIDE:  Multiple takes as talent programs the PCR machine.  Shot will be reused 3X. 
2.12. To examine the PCR product, perform gel electrophoresis on a 1 % agarose gel.  Then, pool a bulk of the kanamycin resistance cassette amplicons from 10 PCR purified individuals.  Adjust the amplicon concentration to10 ng/µl.
2.12.1. MED-over the shoulder:  Talent loads an agarose gel.
2.12.2. CU:  Eppendorf tubes containing gels as talent leaves them to incubate in order to digest the agarose.
2.13. Talent:  The single most difficult aspect of this procedure is obtaining the final linear recombinant PCR amplicon from its three PCR amplicon components.  To ensure success, the three PCR amplicon templates are adjusted to near equal amount.
2.13.1. MED:  Talent speaks toward camera.
2.14. Combine 1 µl each of the three 10 ng/µl PCR amplicons in one PCR plate well as the PCR template.  Then prepare the PCR mixture, including F1 and R3 primers, as listed in the written procedure.  Next, perform PCR amplification of the samples.
2.14.1. CU:  PCR plate as talent combines pipettes 1 µl each of the three PCR amplicons into one well of the PCR plate.
2.14.2. MED-over the shoulder:  Plate as talent continues to prepare the PCR mixture.
2.14.3. Shot 2.11.2 – WIDE shot as talent programs PCR machine.  Freeze frame, fade and bring in the following text over the entire screen.
TEXT overlay:  

94 °C for 2 min 
30 cycles:  

94 °C for 30 sec
55 °C for 30 sec
68 °C for 3.5 min

68 °C for 4 min
2.15. Examine the PCR amplicons on an agarose gel.  Following purification and quantification of the PCR amplicons as before, freeze the recombined PCR amplicons at -20 °C.
2.15.1. MED-over the shoulder:  Computer screen (or UVP documentation and analysis system) as talent examines the PCR amplicons on a picture of an agarose gel.
2.15.2. MED or WIDE:  Talent places the recombined PCR amplicons in the freezer.
3. Preparation of competent cells, cell transformation and antibiotic selection
3.1. To begin, prepare Todd Hewitt and horse sera medium as instructed in the written procedure accompanying this video.  Aliquot 2ml of medium and 10 ml of medium into two 15-ml conical tubes.
3.1.1. MED:  Talent prepares Todd Hewitt and horse sera medium.
3.1.2. CU:  15-ml conical tubes as talent aliquots 2 ml of medium in one tube and 10 ml of medium in the other tube.
3.2. Inoculate 5 µl of thawed stock S. sanguinis SK36 that had been frozen at -80 °C into 2 ml of medium.  Incubate the tightly capped culture overnight at 37 °C.  Also pre-incubate the 10 ml-medium tube under the same conditions.
3.2.1. CU:  15-ml conical tube containing 2 ml as talent pipettes 5 µl of thawed stock S. sanguinis SK36 into it from labeled tube.
3.2.2. MED-over shoulder:  Talent leaves both capped 15-ml conical tubes in the 37 °C incubator.
3.3. After overnight incubation, transfer 50 µl of the culture into the 10 ml medium tube.  Incubate the tube at 37 °C for 3 hours. 
3.3.1. CU:  15 ml conical tubes as talent transfers 50 µl of the culture from the tube containing 2 ml to the tube containing 10 ml.
3.3.2. MED:  Talent places the tube into the 37 °C incubator.  TEXT overlay:  OD660 ~ 0.07-0.08
3.4. Immediately following incubation, add 2 µl of 70 ng S. sanguinis SK36 competence stimulating peptide and 2 µl of linear recombinant PCR amplicon to Eppendorf tubes on a 96-well block, and pre-warm them at 37 °C.
3.4.1. MED-over the shoulder:  Talent adds 2 µl of 70 ng S. sanguinis SK36 competence stimulating peptide and 2 µl of linear recombinant PCR amplicon to Eppendorf tubes on a 96-well block.  TEXT overlay (as “PCR amplicon” is narrated):  ~50 ng
3.4.2. CU:  96-well plate holding the Eppendorf tubes as it is left to incubate at 37 °C. 
3.5. Transfer 330 µl of the 3 hour-incubated SK36 culture into each tube.  Replace DNA with sterile double distilled water as a control.  Incubate the tubes at 37 °C for 1 hour.  
3.5.1. MED-over the shoulder:  Talent transfers 330 µl of the 3 hour-incubated SK36 culture into each Eppendorf tube on the 96-well block.
3.5.2. CU or ECU:  Labeled control Eppendorf tube as talent adds 330 µl of double distilled water from a labeled container.
3.5.3. MED:  Talent leaves the block of tubes to incubate at 37 °C.
3.6. Following incubation, place the block on ice.  Spread 100 µl of each transformation on brain heart infusion, or BHI, agar plates with 500 µg/ml kanamycin.  Incubate the plates at 37 °C for 2 days under microaerobic conditions.
3.6.1. MED-over the shoulder:  Talent places the block of tubes on ice.
3.6.2. CU:  BHI plate as talent pipettes 100 µl of a transformation onto it and spreads it.
3.6.3. MED-over the shoulder:  37 °C incubator with BHI plates on the shelf as talent adds the last plate and shuts the door.
4. Mutant confirmation and storage
4.1. For each replacement mutant, randomly pick up 2 individual colonies, and inoculate each colony into 5 ml of BHI containing 500 µg/ml kanamycin.  Incubate each inoculum overnight at 37 °C under microanaerobic conditions.  Cryopreserve each culture in 30% glycerol at -80 °C.
4.1.1. MED-over the shoulder:  Talent picks an individual colonies and places into 5 ml of BHI/kan.  Then repeats the process with a 2nd colony and 2nd 5ml of medium.
4.1.2. CU:  Inoculums at 37 °C.
4.1.3. WIDE or MED:  Talent places the cultures in the -80 °C freezer.
4.2. To examine whether the mutant contains the expected gene replacement, perform colony PCR for each mutant using F1 and R3 primers in a 96-well PCR plate.  Use about 1-µl of overnight culture from each individual colony as the DNA template in a 25-µl PCR-amplification reaction.  Proceed to perform PCR amplification to confirm mutant gene replacement.
4.2.1. MED:  Talent sets up confirmation PCR reactions in a 96-well plate.
4.2.2. CU:  96-well plate as talent adds 1-µl of overnight culture from an individual colony to a single well.
4.2.3. Shot 2.11.2 –Talent programs PCR machine.  Freeze frame, fade and bring in the following text over the entire screen.
TEXT overlay: 
94 °C for 5 min 

35 cycles:  

94 °C for 30 sec

55 °C for 30 sec

68 °C for 3.5 min

68 °C for 4 min
4.3. To precisely identify double-band mutants or contaminant PCR amplicon, examine the PCR amplicon by gel electrophoresis for 4-hours on a >12 cm long 2% agarose gel with ethidium bromide staining.  Under this agarose gel electrophoresis condition, any amplicons with greater than or equal to 100 bp difference can clearly be identified.
4.3.1. MED:  Talent loads a >12 cm long 2% agarose gel.  Match action in next shot.
4.3.2. CU:  Wells of a >12 cm long 2% agarose gel as talent loads them.
4.3.3. MED-over the shoulder:  Talent starts electrophoresis of gel.  
4.4. Alternatively, when bands resulting from amplification of the kanamycin resistance cassette and the wild-type gene are anticipated to differ by less than 100 basepairs, use an internal T1 primer of the target gene to determine whether a wild-type gene can be detected by PCR.
4.4.1. MED:  Talent sets up a PCR reaction to identify amplicon using a T1 primer. 
4.4.2. Shot 2.11.2 –Talent programs PCR machine.  
4.5. To further confirm the deletion, purify the amplicons by PureLink 96 PCR purification kit and sequence using the P1 primer which binds to the kanamycin resistance cassette.  Keep only the correct mutants confirmed by sequencing.
4.5.1. Shot 2.8.1 – Talent places PureLink 96 filter plate into centrifuge.
4.5.2. MED-over the shoulder:  Computer screen or paper as talent reviews sequencing results.
5. Results: Creation of recombinant PCR constructs and correct mutants
5.1. After PCR amplification using primers F1 and R1 for the upstream sequence, and F3 and R3 for the downstream sequence, approximately 1-kilobase upstream and downstream of each S. sanguinis gene were obtained in 96-well format.  Under the PCR conditions and using the designed primers, a specific product was amplified from S. sanguinis genomic DNA in each PCR reaction, which indicated the primers were highly specific to the targets of S. sanguinis. 
5.1.1. LAB MEDIA:  Figure 2A.  Editors, please highlight the bands in the top figure when “F1 and R1 for the upstream sequence” and highlight the bands in the bottom figure when “F3 and R3 for the downstream sequence” is narrated.
5.2. Through PCR re-amplification using primers F1 and R3 and three amplicons as DNA templates, linear recombinant PCR constructs were created with high-throughput on a 96-well plate, composed of a region upstream of the each target gene, a kanamycin cassette, and a region downstream of each target gene, in that order.
5.2.1. LAB MEDIA:  Figure 2B.  Editors, please highlight the bands as “linear recombinant PCR constructs” is narrated.
5.3. The recombinant PCR constructs were then transformed into S. sanguinis SK36 and selected by kanamycin on BHI agar plates.  For the majority of transformations, over 1000 colonies were obtained on each plate following a microaerobic 2 day-incubation.  When these colonies were PCR-amplified using F1 and R3, a single DNA band corresponding to the expected mutant size was observed by gel electrophoresis.
5.3.1. LAB MEDIA:  Figure 2C –  Editors, please highlight the single bands in lanes 1,2,3,5,6,7,8,9,11,12,13,17,18,19,21,and 22 as the last sentence is narrated.
5.4. When attempting to delete potential essential genes, no colonies could be obtained in the majority of transformations.  For deletion of some essential genes, however, colonies were still obtained following transformation.  After PCR amplification of these colonies using F1 and R3, two DNA bands corresponding to the expected mutant size and the wild type size appeared as revealed by gel electrophoresis.
5.4.1. LAB MEDIA:  Figure 2C.  Editors, please highlight the two bands in lanes 4,10,14,15, 20, and 24 as the last sentence is narrated.  
5.5. For some mutants, the expected mutant size and the wild type size of PCR amplicon were too close to be separated by long agarose gel.  In this case, an internal T1 primer of the target gene was designed based upon the wild-type gene sequence.  PCR was performed using the internal T1 primer and F1 primer. 
5.5.1. LAB MEDIA:  Figure 2D 
5.6. The wild-type SK36 was used as a positive control strain for this PCR.  If a band with the expected size was amplified from the mutant using the internal primer, the gene was identified as an essential gene since the presence of kanamycin cassette in the mutant was confirmed previously by DNA sequencing using the P1 primer. 
5.6.1. LAB MEDIA:  Figure 2D.  Editors, please highlight the 2 bands present in the lanes labeled “M” (there is a light one in the 3rd lane and an intense one in the 17th lane). 

5.7. Based on this protocol, 2048 non-essential S. sanguinis gene mutants were collected excluding those four open reading frames contained entirely within other open reading frames.  218 genes which are essential for S. sanguinis survival were identified under the experimental conditions. 
5.7.1. LAB MEDIA:  Table 1.  Editors, please highlight the rows labeled “nonessential” with numbers 1973 and 75 as the 1st sentence is narrated.  Then highlight the rows labeled “essential” with number 60 and 158.
INSTRUCTIONS FOR AUTHORS:

Please ensure that the representative results narration is appropriate and correctly describes your images, movies, or figures.  Our editors have ensured that the results are written in our format.   

We consider this section a critical aspect of the video, because here is where you provide validation for your experiments.  For example, if this is a cell culture preparation, this section is where the video will show your cells at various time points following culturing.  If this is an imaging prep, then this part is where you will show examples of your imaging experiments.  

Please limit the extent of narration to no more than 2-3 lines of text per image or movie file being described.   Figures with multiple panels submitted with the original protocol should be broken up so that each panel is a separate image.   Like the schematic, each image or movie file supplied in the results should be referenced by annotation in parenthesis, however for the results, the specific filename should be given in parenthesis.  

Below is an example of results text:

EXAMPLE REPRESENTATIVE RESULTS

5.  Evaluation of Morpholino Injection and Knockdown
5.1   Representative results of both morpholino injection and mRNA injection are shown here. The    

        uninjected control at 48 hours post fertilization looks normal, as expected 

        -LAB MEDIA: 0123_PIname_Figure1.tif  (Replace 0123 with your jove video #)

5.2   However, embryos injected with the morpholino heg_e3i3_egfr1, which knocks down Heg isoforms

                     containing the first of two EGF-like repeats, exhibit brain edema.


        -LAB MEDIA: 0123_PIname_Figure2.tif


5.3   Injection of heart of glass mRNA also produced an obvious phenotype. At 24 hours post fertilization, 

        the heads of the uninjected controls look normal 

        -LAB MEDIA: 0123_PIname_Figure3.tif

5.4   Conversely, some of the embryos injected with the mRNA exhibit cyclopia     

                     -LAB MEDIA: 0123_PIname_Figure4.jpg

Please visit the following URL to see an example of how the results will look when complete:
http://www.jove.com/video/1597/results-example-mably?access=ksw0bprj
6. Conclusion (said by authors on camera)
6.1. Ping Xu:  After watching this video, you should have a good understanding of how to make genome-wide gene deletions using the high-throughput PCR technique.
6.1.1. MED:  Ping speaks toward camera.
Provided Media

Authors, Please list all images, movie files, or 3-D rendered animations that can be included in the video per editor’s request.  The step in the script/video where these images will be inserted should be specified.   For example:

6.2 –  0123_PIname_Figure1.tif -  dual color imaging of tumor angiogenesis at 40X 

6.2 –  0123_PIname_Figure2.tif -  dual color imaging of tumor angiogenesis at 100X

Formats:  For static images we prefer .tiff, Illustrator, Powerpoint or Photoshop files at dimensions of at least 720X480 pixels and 300 dpi.  The higher resolution, the better.  Likewise any exported movie files should have at minimum these dimensions and be rendered to .mov, .mp4, or .avi files.  

Insert your media filenames here.

SchematicFig 
Figure 1

Figure 2A 
Figure 2B  
Figure 2C 
Figure 2D
Table 1 
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.
You will receive more detailed preparation instructions, as well as an introduction to your videographer, closer to your filming date.
( 2011, Journal of Visualized Experiments


