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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)   NO  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)  Yes 

C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps. Step 1: Slide preparation prior to FISH.

Step 2: Slide denaturation and application of the DNA FISH probe to slides.

Step 3:  Post hybridization washes of DNA FISH slides and BrdU antibody detection.

Step 4: Computer Quantification of BrdU incorporation in mitotic chromosomes.
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success? 

The analysis of mitotic spreads at the microscope is the most difficult aspect of this procedure.  It is time consuming, requiring careful examination and comparison of individual chromosomes within each 

mitotic figure.

1. Introduction (Schematic Overview and Interview)

A. Schematic Overview (read by voice talent at JoVE):

Authors, please select from “Procedural Narrative” or “Conceptual Narrative” and complete the statements below. Please do not add additional steps.  Then, attach your finished graphic overview.  See accompanying instructions for details and examples.  
Conceptual Narrative:

This experimental approach combines BrdU incorporation wth fluorescent in situ hybridization to quanitatively analyze the replication timing of mammalian chromosomes (Intro).  FIrst incorporate BrdU into live cells, and harvest the metaphase chromosomes. (C1) Then perform DNA FISH combined with sequential BrdU antibody staining to identify the individual replicating chromosomes (C2).  Next, use photo microscopy ot capture images of FISH signals and BrdU incorporation in individual mitotic figures (C3). Using cytovision software, calculate the area and intensity of the pixels represented by the BrdU or DAPI signals on each isolated chromosome (C4). Results can quantifiy and compare the BrdU incorporation in individual rearranged chromosomes and their homologs (LAB MEDIA: Figure 2).
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B.  Interview: (Said by you on camera. Don’t forget to smile!)  

Authors: Below are statements we would like you to complete that are complementary to the information contained within the schematic overview.   

· Only one statement should be chosen and completed per author who will be on camera demonstrating the protocol.    

· Enter the name of the individual who will say each line. 

· Please choose and fill out the statement(s) that convey the most important fact(s) about your protocol. You may revise the given prompts as necessary to improve the sentence flow.

· If any individuals will be doing demonstrations on camera but are not assigned a speaking part in this interview section, please use statement 1.8 to introduce these demonstrators (for example, the PI introduces students)

1.1. Mathew Thayer: Because the method described here evaluates single cells, it can detect changes in chromosome replication timing on chromosomal rearrangements that are present in only a fraction of the cells in a population. 

1.2. Mathew Thayer: Compared to the recently developed high throughput micro-array or sequencing protocols, this approach allows for a direct comparison of replication timing between homologous chromosomes within the same cell.  It also allows the unambiguous identification of chromosomal rearrangements that correlate with changes in replication timing of entire chromosome. 

1.3. Mathew Thayer: Demonstrating the procedure will be Leslie Smith a Research Associate from my laboratory. 

1.8.1
Interview style: Author saying the above 

1.8.2
The named RA looks up from workbench or desk or microscope and acknowledges the camera.

Protocol (read by voice talent at JoVE):

Authors:  In order to ensure that your protocol can be filmed in a single day, the protocol text must be limited to 30 steps – each step being defined as 3 lines of 12 pt text in our formatting style below.  This amounts to 3 pages of protocol text.  The scope of the scripted protocol text should include only those aspects of the procedure that require visualization in order to be well understood.     

2. BrdU incorporation: Terminal labeling
2.1. Seed the cells at ~70% confluence in a 150mm tissue culture dish, and place in cell incubator for 24 hours.

2.1.1. MED/CU: Talent adds cells to aa 150mm tissue culture dish.

2.1.2. MED: Talent places flask in  cell incubator for 24 hours.

2.2. At the appropriate time points prior to harvesting, replenish the  media with fresh complete media containing 20µg/ml BrdU.

2.2.1. CU/ECU: Talent  adds   replenishing media (show 20µg/ml BrdU label).

2.3. Talent: The length of time cells are cultured in media with BrdU will vary with cell type and species, typically the G2 phase lasts between 2 and 5 hours 

2.3.1. Interview style.

3. Chromosome harvest of monolayer cells cultures
3.1. Remove the culture media from the plate, saving 10 ml in a 15ml conical centrifuge tube.  

3.1.1. MED/CU: Talent removes the culture media from the plate, saving 10 ml in a 15ml conical centrifuge tube.   

3.2. Rinse the cells with 10 ml of Versine, and remove the remaining Versine by vaccum aspiration. Then add 5ml of 0.25% trypsin and incubate at room temperature until cells are detached from the plate. Harvest the cells and transfer the suspension to the 10ml of reserved media. 

3.2.1. CU: Talent rinse the cells with 10 ml of Versine. 

3.2.1.1 Remove the remaining Versine by vacuum aspiration with a pastuer pipette.
3.2.2. ECU: Talent adds 5ml of 0.25% trypsin 

3.2.3. MED/CU: Talent harvests the cells and transfers the suspension to the 10ml of reserved media.

3.3. Pellet the cells by centrifugutaion. Aspirate all but 0.5 ml of the media. Now resuspend cells thoroughly using a Pasteur pipette.

3.3.1. MED/CU: Talent removes the cells from the  centrifugutaion 9shoe settings 400 xg for 10 minutes). 

3.3.2. ECU: Talent aspirates all but 0.5 ml of the media (show pellet size). 

3.3.3. CU: Talent Now resuspend cells thoroughly using a Pasteur pipette.

3.4. To osmotically swell the cells, add 3 drops of 75 mM KCl warmed to 37°C and mix the cell suspension with a Pasteur pipette. Then incorporate an additional 0.5ml of hypotonic solution. Now bring the total volume of hypotonic solution to 5ml and mix by pipetting. 

3.4.1. ECU: Talent adds 3 drops of 75 mM KCl and mixes the cell suspension with a Pasteur pipette. 

3.4.2. ECU: Talent incorporates an additional 0.5ml of hypotonic solution. 

3.4.3. ECU: Talent brings the total volume of hypotonic solution to 5ml and mixes by pipetting.

3.5. Incubate the cell suspension at 37°C for 20 to 45 minutes, depending on the cell type. Incubate the tubes at a slant to keep the cells in suspension. Then centrifuge at 400 xg for 10 minutes. Aspirate all but 0.5 ml of the supernatant, and use a pasteur pipette to gently resuspend the cell pellet. 
3.5.1. MED/CU: Talent incubates the cell suspension at 37°C.

3.5.2.  MED-over-the-shoulder: Talent places samples in centrifuge.

3.5.3. CU/ECU: Talent aspirates all but 0.5 ml of the supernatant, and gently resuspends the cell pellet with a pasteur pipette.
3.6. Talent: The osmotically swollen cells will be fragile at this point, so care should be taken not to disrupt the cytoplasmic membranes.

3.6.1. Interview style.

3.7. Next add 3 drops of Carnoy’s fixative and mix gently. Afer incoporating an additional 0.5ml of fixative, bring the volume of fixative to 5ml and pipette to a homogenous cell suspension. These fixed cells can be stored in the dark at -20°C for several months.

3.7.1. ECU: Talent adds 3 drops of Carnoy’s fixative and mix gently with a Pasteur pipette.

3.7.2.  CU: Talent brings the volume of fixative to 5ml (from 1.0ml) and pipettes to a homogenous cell suspension. 

3.7.3. MED/CU: Talent labels a tube of fixed cells for storage.

3.8. Harvest the fixed cells by centrifugation, aspirate the fixative and resuspend the pellet in ten volumes of fixative. 

3.8.1. MED/CU: Talent removes fixed cells from centrifuge (show 400 xg for 10 minutes), 

3.8.2. ECU: Talent aspirates the fixative 

3.8.3. CU: Talent resuspends the  pellet in ten volumes of fixative.

3.9. Holding a wet, ice-cold microscope slide at approximately a 45 degree angle, add the cell suspension drop-wise to spread the cell suspension.  Flood the slide with fixative and drain off the excess.  Then lay the slide flat on paper towels to air dry. 

3.9.1. ECU: Talent adds the cell suspension drop-wise on a wet, ice-cold microscope slide. 

3.9.2. CU/ECU: Talent holds the slide at an ~45 degree angle (get shot of spreading cell suspension).

3.9.3. CU/ECU: Talents floods the slide with fixative; drains off excess fix and lays the slide flat on paper towels.
3.10. Evaluate the samples for the presence of mitotic spreads, using an inverted microscope.

3.10.1. SCOPE: Talent evaluates a samples for the presence of mitotic spreads, using an inverted microscope.

4. RNAse treatment and ethanol dehydration:
4.1. Add 200µl of 10µg/ml RNase A in 2XSSC to each slide; and incubate at 37°C for 1 hr.

4.1.1. ECU: Talent adds 200µl of 10µg/ml RNase A in 2XSSC a few slides

4.1.2. MED/CU: Talent incubates slides at 37°C.

4.2. Perform three 3-minute washes of 2XSSC, pH 7.0 at room temperature. 

4.2.1. CU/ECU: Talent removes slides from a 2XSSC wash at RT.

4.3. Then dehydrate the samples through an ETOH series at room temperature for 3 minutes each.  Air dry the samples at room temperature.

4.3.1. CU/ECU: Talent transfers the samples from one ETOH to another  (show 70%, 90% and 100% labels on containers).  

4.3.2. MED/CU: Talent arranges samples to air dry. 

5. Fluorescent Labeling BAC DNA: Nick Translation
5.1. To a chilled microfuge tube, add 4 µg DNA substrate, labeled nucleotide, 10X Nick Translation Buffer, dNTP mix, and nick translation enzyme [Text over video: 200 µl   total volume].

5.1.1. ECU: Talent adds nick translation enzyme to reaction mix ( strat with shot of all reagents  in the ice bucket: DNA substrate, labeled nucleotide 10X Nick Translation Buffer, dNTP mix, and nick translation enzym)e).

5.2. Incubate the reaction at 16(C for overnight.  Heat at 70(C for 10 minutes to stop the reaction. Then chill on ice for 5 minutes.

5.2.1. CU: Talent places reaction at 16(C 

5.2.2. ECU: Talent places reaction  at 70(C, and sets timer for 10 minutes. 

5.2.3. MED: Talent chills tube on ice.

5.3. Now to ethanol precipitate the DNA, add 48 µl of 3M Sodium Acetate, 160 µl of 0.25µg/ul Cot1DNA, and 1.2 ml of 100% ETOH.  Store the sample  -80(C for 10 minutes to overnight. 

5.3.1. ECU: Talent adds 48 µl of 3M Sodium Acetate, 160 µl of 0.25µg/ul Cot1DNA, and 1.2 ml of 100% ETOH. 

5.3.2. MED/CU: Talent places the sample  -80(C.

5.4. Precipitate the DNA by centrifugation and wash the pellet with 70% ETOH. Resuspend the air-dried DNA probe in 40µl of double-distilled water, for final concentration of 100ng/µl of labeled BAC DNA. 

5.4.1. MED/CU: Talent removes the sample from centrifugation (show setting  12,000 xg for 20 minutes, 4(C)

5.4.2. MED: Talent starts 70% ETOH wash. 

5.4.3. ECU: Talent resuspends the air-dried DNA probe in 40µl of double-distilled water, 

6. In situ hybridization
6.1. For the BAC/CEP simultaneous hybridization, prepare two separate Cot1DNA-containing probe cocktails as detailed in the accompanying manuscript..

6.1.1. CU/ECU:Talent places the two cocktail mixes in ice bucket (show the reaction reagents in ice bucket – focus on  Spectrum Orange and Cy3/Texas Red).

6.2. Denature the probe cocktails at 75°C for 10 minutes. Then incubate at 37°C for 30 minutes to anneal the Cot1 DNA to repetitive sequences.  Now combine the BAC probe with the CEP probes at a 3:2 ratio for 25µl per sample slide.

6.2.1. MED/CU: Talent removes the probe cocktails from 75°C.

6.2.2. ECU: Talent incubates tubes at 37°C and sets timer for 30 minutes 

6.2.3. ECU: Talent combines the BAC probe with the CEP probes at a 3:2 ratio.

6.3. Next, to denature the samples, immerse the slides in 70% Formamide/2XSSC at 72°C and incubate for 3 minutes (note: coplin jars). Immediately dehydrate samples through an ethanol series  at 4oC for 3 minutes each. Air-dry the samples at room temperature.

6.3.1. MED/CU: Talent immerses the sample  slides in 70% Formamide/2XSSC at 72°C.

6.3.2.  ECU: Talent removes a few sample slide from the 100%  ethanol jar (show labeled 70% and 90% copllin jars in background) and places to  air-dry..

6.4. About ten minutes before completion of the probe preparation, equilibrate the slides on a 45°C slide warmer. Then add 25ul of the BAC/CE|P probe mix to each slide. Gently position a coverslip and seal along all edges with rubber cement. 

6.4.1. MED/CU: Talent places the slides on a 45°C slide warmer. 

6.4.2. ECU: Talent adds 25ul of the BAC/CE|P probe mix to a slide. Talent gently positions a coverslip and seals along all edges with rubber cement.

6.5. For the hybridization step, incubate samples overnight at 37°C in a humidified chamber. Perform three post-hybridization washes, of three minutes each, in 50% formamide/2XSSC, pH 7.0 38-40°C. 

6.5.1. MED/CU: Talent places samples in a 37°C humidified chamber. 

6.5.2. ECU: Talent starts  the first post-hybridization wash in 50% formamide/2XSSC, pH 7.0 38-40°C.

6.6. Talent: The optimal temperature of the washes is probe-dependent. If there is high background hybridization, increase the temperature of the washes. Conversely, if the signal is faint and there is no background, then decrease the temperature of these washes. 

6.6.1. Interview style.

6.7. Perform one wash in PN buffer, at room temperature for 3 minutes. For the BrdU detection, add 200µl PNM blocking buffer to each slide. Incubate for 10 minutes at room temperature in the dark. 

6.7.1. CU/ECU:Perform places PN buffer and sets timer for 3 minutes. 
6.7.2. ECU: Talent adds 200µl PNM blocking buffer to a slide. 

6.7.3. MED/CU: Talent places sample slides  at room temperature in the dark.

6.8. Drain the slides on a paper towel. Then add 100µl of 50µg/ml anti-BrdU-FITC-conjugated antibody and incubate for 30 minutes at 37°C. Perform three 3-minute washes in PN buffer at room temperature.

6.8.1. ECU: Talent drains a slide on a paper towel. 

6.8.2. ECU: Talent adds 100µl of 50µg/ml anti-BrdU-FITC-conjugated antibody

6.8.3. CU: Talent incubates slides at 37°C. 
6.8.4. MED-over-the-sholder: Talent sttarts a waash in PN buffer at room temperature.

6.9. Remove the excess PN buffer off each slide. Then add 20µl DAPI/antifade mounting solution. Cover the slide with a paper towel and press down on the coverslip to force out air bubbles and excess mounting solution. 

6.9.1. ECU: Talent removes the excess PN buffer off a slide. 

6.9.2. ECU: Talent adds 20µl DAPI/antifade mounting solution. 
6.9.3. CU: Talent covers the slide with a paper towel and press down on the coverslip.

7. Capturing Images and quantifying BrdU incorporation 
7.1. Capture the images with a Fluorescence Microscope attached to a CCD Camera, using the 100X objective, an automatic filter-wheel and Cytovision software.

7.1.1. WIDE/MED: Talent captures an image (start with shot of instrument set-up:  Fluorescence Microscope, CCD Camera, an automatic filter-wheel and Cytovision software on computer).

7.2. Talent: Capture BrdU using an FITC filter; and the chromosome paints, the BAC and CEP probes using a Texas Red or Cy3 filter. Also use a DAPI filter for the nuclei stain. 

7.2.1. Interview style.

7.3. Identify the individual chromosomes of interest with BAC/CEP or chromosome-specific paint probes. In the Cytovision software, “cut-out” each chromosome of interest from the metaphase spread as a whole.  Copy-and-paste the DAPI and FITC chromsome images into a new window. Select the graph icon in the tool menu which allows the generation of a graph representing the area and intensity of both the FITC and DAPI staining along each individual chromosome. This is done by drawing a line through the length of the chromosome from short arm to long arm.
7.3.1. SCREEN: Talent indicates the individual chromosomes of interest with BAC/CEP or chromosome-specific paint probes. 
7.3.2. SCREEN: In the Cytovision software,Talent cuts-out a chromosome of interest from the metaphase spread.
7.3.3. SCREEN: Talent copies and pastes overlayed DAPI and FITC chromsome images into a new window. A graph icon is selected in the tool menu of the Cytovision software which allows the generation of a graph representing the area and intensity of both the FITC and DAPI staining along each individual chromosome.  This is done by drawing a line through the length of the chromosome from short arm to long arm. 
7.4. In the tool menu, select the data icon to generate a table displaying the calculated area and intensity for FITC and DAPI. Next, select the FITC and DAPI signals for the chromosomes of interest. Then click the intensity and area buttons on the table icon. The software generates a numerical measurement of the pixels per square inch for each signal.

7.4.1. SCREEN: A data icon is selected in the tool menu of the Cytovision software which allows the generation of a table that shows the computer calculated area and intensity for FITC and DAPI. 

7.4.2. SCREEN: Talent uses the software program to “select” the FITC and DAPI signals for chromosomes of interest.  Then the intensity and area buttons on the Cytovision table icon are selected.  The software program automatically generates a numerical measurement of the pixels per square inch for each signal.  

7.5. Next, the average pixel intensity of each chromosome is multiplied by the area occupied by those pixels to obtain the total number of pixels. For the visualization of the latest replicating regions of chromosomes, evaluate the banded pattern of BrdU incorporation for actively replicating regions of chromosomes. Then calculate the differences in replication timing between chromosome pairs based on differences in BrdU banding pattern.
7.5.1. SCREEN:  Talent shows image of individual chromsomes with the computer generated data measuring the intensity and area for each.  Additionally, the mathematical equations for multiplying area times intensity are shown in the same image.

7.5.2. SCREEN: For the visualization of the latest replicating regions of chromosomes, evaluate the banded pattern of BrdU incorporation for actively replicating regions of chromosomes. Then calculate the differences in replication timing between chromosome pairs based on differences in BrdU banding pattern. 
8. Results: Chromosome replication timing and FISH
8.1. The chromosomes in mammalian cells replicate according to a temporal program, with early and late replication occurring at the beginning and end of S phase respectively. A typical S phase in mammalian cells lasts for 8 to 10 hours, and G2 is typically 2 to 5 hours.

8.1.1. LAB MEDIA: 4400_Thayer_Fig. 1A.tif
8.2. In this experimental system, BrdU is added for increasing periods of time to label the last portions of the chromosomes that replicate. 

8.2.1. LAB MEDIA: 4400_Thayer_Fig. 1B.tif

8.3. These cells contain a deletion of the human ASAR6 gene, located at 6q16.1. After a 5-hour treatment with BrdU,  mitotic cells were harvested and processed for BrdU incorporation  and fluorescent in situ hybridization using a chromosome 6 paint probe.

8.3.1. LAB MEDIA: 4400_Thayer_Fig. 2A.tif

8.4. The two chromosome 6s display the three fluorescent labels. The significant difference in the BrdU banding pattern is consistent with a delay in replication timing of greater than 2 hours for one of the chromosome 6s. 

8.4.1. LAB MEDIA: 4400_Thayer_Fig. 2B.tif

8.5. Cytovision software depicts the different signal intensity profiles for DAPI and BrdU on the two Chromosome 6s, indicative of asynchronous replication. 

8.5.1. LAB MEDIA: 4400_Thayer_Fig. 2C.tif

8.6. In addition, there is a significant difference in the total amount of BrdU incorporation when compared to a similar analysis of the DAPI staining.

8.6.1. LAB MEDIA: 4400_Thayer_Fig. 2D.tif

8.7. Inclusion of a BAC probe containing the human ASAR6 gene highlights the single chromosome 6 containing a deletion on its long arm in this cell. 

8.7.1. LAB MEDIA: 4400_Thayer_Fig. 3A.tif

8.8. Interestingly, there is more intense BrdU incorporation and a more extended banding pattern of BrdU incorporation than on the non-deleted chromosome 6. 

8.8.1. LAB MEDIA: 4400_Thayer_Fig. 3B.tif

8.9. When mitotic spreads from seven different cells were processed for quantification of the replication timing difference between chromosome 6s, the BrdU levels show a >2 fold difference between the total pixel values for the deleted and non-deleted chromosome 6s.

8.9.1. LAB MEDIA: 4400_Thayer_Fig. 4.tif

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
9. Conclusion (said by authors on camera)

Authors: Below are statements we would like you to complete that summarize and conclude the video. Only one statement should be chosen and completed per author who will be on camera demonstrating the protocol. In addition to choosing and filling out the appropriate statement, please enter the name of the individual who will say each line. You may revise the given prompts if necessary to better fit your protocol.
9.1. Leslie Smith: Once mastered, this technique can be performed properly in 3 days.

9.2. Mathew Thayer: We hope you now have a good understanding of how to directly compare the replication timing between homologous chromosomes within the same cell, and to unambiguously identify chromosomal rearrangements that correlate with changes in replication timing of entire chromosomes.
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.

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.
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