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Author Questionnaire:

1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? N 
2. Does your protocol include software usage? Y all set 
3. Which steps from the protocol section below are the most important for viewers to see? Please list 4-6 individual steps using the step numbers listed in this document. This information is important to prepare your Videographer for your shoot. 
2.1, 2.2, 3.1, 4.1, 4.3 (All SCREENS/LAB MEDIA steps)
4. What is the single most difficult aspect of this procedure and what do you do to ensure success? Please list 1-2 individual steps using the step numbers listed in this document. 
5. Will the filming need to take place in multiple locations? N
If yes, how far apart are the locations? 


Section - Introduction
Videographer: Interviewee Headshots are required. Take a headshot for each interviewee. 

Authors, these headshots will be used for the JoVE Dedicated Author Webpage. Here is one example if you wish to take a look.

(Editor: The authors noted that some interview statements were added. It seems that these might all be in the conclusion, but I wasn’t absolutely sure)

(Editor: The authors noted that they’d uploaded an updated version of a slide/figure. They believe this newer version looks better)

1. [bookmark: _GoBack]REQUIRED Interview Statements: (Said by you on camera)

1.1. Paul Perco: A synthetic lethal interaction between two genes occurs when a single knock-down of either one does not affect cell viability but knock-down of both synthetic lethal partners leads to loss of cell viability or cell death.

1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.


1.2. Andreas Heinzel: Combining heterogeneous datasets can lead to the identification of synthetic lethal interactions that can be targeted by drug combinations in diseases such as cancer with the aim of halting cell proliferation. 

1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.

OPTIONAL Interview Statements: (Said by you on camera)

1.3. Maximilian Marhold: The concept of synthetical lethality is of interest for any disease in which cell proliferation is an issue. As for cancer, synthetic lethal gene interactions are already being targeted in BRCA-mutated tumors by using PARP inhibitors. Efforts such as ours could expand the use of the concept for other gene interactions and cancer entities.

1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.



1.4. Michael Krainer: In our laboratory, we have tested computationally predicted drug combinations targeting synthetic lethal interactions in the context of breast cancer. 

1.4.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.





Section - Protocol
2. Retrieving Synthetic Lethal Gene Pairs
Video Editors: Authors have provided an animated ppt to demonstrate a large portion of their protocol. Please use the ppt to create an animation. Where indicated, include the code as a text overlay. Also, all movie files are in the 60328_screen_captures_and_animations_2020-01-13.zip folder.
2.1. Begin by retrieving data from BioGrid [1]. Use the web browser to download the latest BioGrid interaction file in tab 2 format [2-TXT]. Alternatively, use a Linux command line utility such as curl or wget [3-TXT]. 
2.1.1. WIDE: Establishing shot of talent at the computer. 
2.1.2. SCREEN: 60328_step-1-1-seq0_biogrid_download.mkv. 0:06 – 0:20. TEXT: https://downloads.thebiogrid.org/Download/BioGRID/Latest-Release/BIOGRID-ALL-LATEST.tab2.zip
2.1.3. Video Editor: display the following code on screen: 
##download and unpack the latest BioGRID interaction file
#download latest BioGRID interaction file using curl
curl -o biogrid_latest.zip https://downloads.thebiogrid.org/Download/BioGRID/Latest-Release/BIOGRID-ALL-LATEST.tab2.zip

#unpack the downloaded data file
unzip biogrid_latest.zip
BG="BIOGRID-ALL-3.5.171.tab2.txt"
2.2. Next, filter for synthetic lethality and negative genetic interactions [1]. Use the information in the “Experimental System” column to restrict the dataset to entries with a value of either Negative Genetic or Synthetic Lethality [2]. Then, filter the columns to only retain those relevant for subsequent analysis steps [3]. 
2.2.1. LAB MEDIA: 60328_workflow_explanation_updated_20200120.pptx. Slides 3 and 4. 
2.2.2. LAB MEDIA: 60328_workflow_explanation_updated_20200120.pptx. Slide 5. 
2.2.3. LAB MEDIA: Table1_BioGrid-columns.xlsx. Video Editor: Show the following code along with the table: 

##restrict the BioGRID interaction file to relevant columns and only retain interactions classified as negative genetic and synthetic lethality
cut -d "^I" -f 1,8,9,12,16,17 "${BG}" \
 | awk -F "\t" 'BEGIN{ 
 OFS="\t"
 }
 {
 if(NR == 1){
 print $0
 }else if($4 == "Negative Genetic" || $4 == "Synthetic Lethality"){
 print $0
 }
 }' > bg_synlet.txt
2.3. Identify the species for which synthetic lethal interactions were reported [1] by determining the number of synthetic lethal interaction partner tax IDs, which will provide an estimate on the number of these interactions available per organism [2]. 
2.3.1. LAB MEDIA: 60328_workflow_explanation_updated_20200120.pptx. Slide 7. Video Editor: Emphasize the “Gene Occurrence by Organism” information. 
2.3.2. LAB MEDIA: 60328_workflow_explanation_updated_20200120.pptx. Slide 7. Video Editor: Show the following code: 
##count the number of appearances of each tax id in the previously extracted synthetic lethal interactions
cut -d "^I" -f5,6 bg_synlet.txt | tail -n +2 | tr "\t" "\n" \
 | sort | uniq -c | sort -r -g
3. Translating Synthetic Lethal Gene Pairs to Human Orthologs 
3.1. To retrieve human orthologs for relevant model organisms from Ensembl BioMart, select the respective model organism dataset [1], click on Attributes, and select Gene Name [2]. Then, click on Dataset and select Human Genes [3]. Again, click on Attributes and select Gene Name, then click Results [4].   
3.1.1. SCREEN: 60328_step2-1-seq0_biomart.mkv. 0:10 – 0:35. Video Editor: Speed through the scrolling.   
3.1.2. SCREEN: 60328_step2-1-seq0_biomart.mkv. 0:35 – 0:44. 
3.1.3. SCREEN: 60328_step2-1-seq0_biomart.mkv. 0:44 – 1:21. Video Editor: Speed up the scrolling and everything after 1:05. 
3.1.4. SCREEN: 60328_step2-1-seq0_biomart.mkv. 1:21 – 1:37.
3.2. Check Unique Results Only and click Go [1]. Automatize the retrieval process and send the query directly to BioMart RESTful access for retrieving the orthologous gene pairs [2]. If retrieving the data manually, rename the resulting file and include a header line [3]. 
3.2.1. SCREEN: 60328_step2-1-seq0_biomart.mkv. 1:37 – 1:42. 
3.2.2. SCREEN: 60328_step2-1-seq0_biomart.mkv. 1:53 – 2:03. Video Editor: Emphasize the code. 
3.2.3. SCREEN: 60328_step2-1-seq1_rename_and_print_out_header.mkv. 0:04 – 0:16. Video Editor: Speed this up as necessary. 
3.3. In order to retrieve the orthologous human genes for other model organisms, replace the value of the name attribute of the first Dataset element with the name of the respective Ensembl dataset [1].
3.3.1. SCREEN: 60328_step2-1-seq0_biomart.mkv. 2:03 – 2:08. 
3.4. Next, discard any entries for genes with no homologs and add human orthologs to the extracted synthetic lethal interactions. Join synthetic lethal interactions based on organism tax-ID and gene symbol with the retrieved orthologous pairs, making sure to use unique gene identifiers [1-TXT]. Repeat this process for each model organism [2].
3.4.1. LAB MEDIA: 60328_workflow_explanation_updated_20200120.pptx. Slides 9 – 10. Video Editor: Show the code below along with the animation on slides 9 - 11.
3.4.2. LAB MEDIA: 60328_workflow_explanation_updated_20200120.pptx. Slides 10 - 11. Video Editor: Start this when the columns from C. elegans move to mapping.txt. 

##collect ortholog mappings in a single file and join with synthetic lethal interaction file
#create a target file with headers for collecting ortholog mappings
echo "tax_id/gene_symbol^Ihuman_gene_symbol" > mapping.txt

#repeat this step for each model organism, take care to adapt input file name and tax-ID
#adds for each ortholog pair in s_cerevisiae.txt a new entry in mapping.txt: The Gene Symbol is prefixed with the tax id to ease subsequent joining with the synthetic lethal interactions file 
awk -F "\t" 'BEGIN{
 OFS="\t"
 org_tax_id="559292"
 }
 {
 if($1 != "" && $2 != ""){
 print org_tax_id"/"$1, $2
 }
 }' s_cerevisiae.txt >> mapping.txt
3.5. For human synthetic lethal interaction pairs, add two additional header columns and either create artificial orthologous pairs for each human gene present in the dataset or transfer the human gene symbols into the newly added columns [1-TXT].
3.5.1. LAB MEDIA: 60328_workflow_explanation_updated_20200120.pptx. Slides 12 – 15. 
Video Editor: Show the following code along with the animation:

#create artificial mapping entries for human genes
awk -F "\t" 'BEGIN{
 OFS="\t"
 human_tax_id="9606"
 }
 {
 if($5 == human_tax_id){
 print $5"/"$2, $2
 }
 if($6 == human_tax_id){
 print $6"/"$3, $3
 }
 }' bg_synlet.txt | sort -u >> mapping.txt

#add required join keys (tax id/Gene Symbol) to synthetic lethal interactions
awk -F "\t" 'BEGIN{
 OFS="\t"
 }
 {
 if(NR == 1){
 print $0, "Key Interactor A", "Key Interactor B"
 }else{
 print $0, $5"/"$2, $6"/"$3
 }
 }' bg_synlet.txt > tmp_bg_synlet_w_keys.txt

#join synthetical lethal interactions with orthologous pairs
merge tmp_bg_synlet_w_keys.txt mapping.txt 7 1 > tmp.txt
merge tmp.txt mapping.txt 8 1 > bg_synlet_mapped.txt

4. Mapping Synthetic Lethal Interaction Partners to Drugs 
4.1. Retrieve drug-target pairs from DrugBank from the downloads section, creating an account first if necessary. Use the CSV file with drug target identifiers and the DrugBank vocabulary with DrugBank identifiers and names [1-TXT]. Then, extract the relevant columns [2-TXT] and filter the data for Human species [3-TXT]. 
4.1.1. SCREEN: 60328_step-3-1-seq0_download_drugbank.mkv. TEXT: protein identifiers section: https://www.drugbank.ca/releases/latest#protein-identifiers ; open data section: https://www.drugbank.ca/releases/latest#open-data 
4.1.2. LAB MEDIA: 60328_workflow_explanation_updated_20200120.pptx. Slide 17. Video Editor: Show the following code along with the animation:

csvtool col 3,12,13 -u TAB "${DB_TARGETS}" > target_to_drugs_agg.txt

4.1.3. LAB MEDIA: 60328_workflow_explanation_updated_20200120.pptx. Slide 18. Video Editor: Show the following code along with the animation:

awk -F "\t" 'BEGIN{
 OFS="\t"
 }
 {
 if(NR == 1 || $2 == "Humans"){
 print $1, $3
 } 
 }' target_to_drugs_agg.txt > human_target_to_drugs_agg.txt
4.2. Since drug name and drug-target information is provided in two separate CSV files, merge the information from the two files [1] and add names of drugs targeting a synthetic lethal interaction partner to synthetic lethal interactions. Then, join the two datasets using the common DrugBank-drug-ID column [2].
4.2.1. LAB MEDIA: LAB MEDIA: 60328_workflow_explanation_updated_20200120.pptx. Slide 19. Video Editor: Show the following code along with the animation:

##generate a single file holding drug target gene symbol, DrugBank drug ID and drug name
#normalize drug-target dataset
awk -F "\t" 'BEGIN{
 OFS="\t"
 }
 {
 if(NR == 1){
 print $0
 }else if($1 != "" && $2 != ""){
 split($2, drug_targets, ";")
 for(i in drug_targets){
 drug_target = drug_targets[i]
 gsub(/ /, "", drug_target)
 print $1, drug_target | "sort -u"
 }
 }
 }' human_target_to_drugs_agg.txt > human_target_to_drug.txt

4.2.2. LAB MEDIA: LAB MEDIA: 60328_workflow_explanation_updated_20200120.pptx. Slide 20 – 22. Video Editor: Show the following code along with the animation:

#extract relevant columns and reformat to use tab as column separator
csvtool col 1,3 -u TAB "${DB_NAMES}" > drugbank_id_to_name.txt

merge human_target_to_drug.txt \
 drugbank_id_to_name.txt 2 1 > db_human_drug_targets.txt
4.3. Join the synthetic lethal interaction dataset with the drug-target drug name file generated in the previous step using the gene symbol columns, making sure to add drug names for both partners of each synthetic lethal interaction [1].
4.3.1. LAB MEDIA: 60328_workflow_explanation_updated_20200120.pptx. Slides 23 – 25.
Video Editor: Show the following code along with the animation:

##enhance the synthetic lethal interaction file by adding drugs targeting the partners of each synthetic lethal interaction 
merge bg_synlet_mapped.txt db_human_drug_targets.txt 9 1 > tmp.txt
merge tmp.txt db_human_drug_targets.txt 10 1 > bg_synlet_mapped_drugs.txt

4.4. Finally, retrieve information on clinical trials in XML format from ClinicalTrials.gov on either individual trials, trials resulting from a search query, or all trials in the database [1].

4.4.1. LAB MEDIA: 60328_workflow_explanation_updated_20200120.pptx. Slide 27.

5. Testing Proposed Drug Combinations in Vitro

5.1. Dissolve the proposed drugs in appropriate solvents such as DMSO or PBS in at least 4 different concentrations [1]. Add the drugs to human breast cancer cells seeded in a 96-well plate [2] and incubate them for the desired amount of time to determine inhibitory concentration values [3]. 

5.1.1. Talent pipets solvent into microcentrifuge tubes. 
5.1.2. Talent transferring drug solution to a 96-well plate. 
5.1.3. Talent putting the plate in the incubator and closing the door. 

5.2. Use a viability or apoptosis assay of choice to determine cell viability with various drug combinations and concentrations, starting with the previously established IC-50 [1-TXT]. Then, determine the synergistic cytotoxic effects of the drug combinations by calculating their combinatorial index [2].

5.2.1. Talent adding blue MTT reagent to a few wells in the plate. TEXT: Include control wells treated with solvent
5.2.2. Talent and lab mate sit in front of computer and discuss FACS and viability data.




Section – Results
6. Results: Proposed Novel Drug Combinations for Ovarian and Breast Cancer
6.1. This method was used to identify drug combinations targeting synthetic lethal interactions in ovarian cancer. It was found that 21 unique drugs contributed to 84 identified drug combinations targeting a set of 39 synthetic lethal interactors [1]. 
6.1.1. Figure 1. 
6.2. The same workflow was used to identify 243 promising drug combinations targeting 166 synthetic lethal gene pairs in the context of breast cancer. Select combinations were tested for their impact on cell viability and apoptosis in two breast cancer cell lines [1].
6.2.1. Figure 2.  
6.3. Viability assay results for celecoxib, zoledronic acid, and the combination of zoledronic acid and celecoxib in SKBR-3 breast cancer cell lines [1] demonstrated that, when combined, the drugs had a significant synergistic effect on cell viability [2]. 
6.3.1. Figure 2 A. Video Editor: Zoom in on A and emphasize CEL when VO says ‘celecoxib’, ZOL when VO says ‘zoledronic acid’, and ZOL + CEL when VO says ‘combination of zoledronic acid and celecoxib’ (either the data on the graph or on the legend). 
6.3.2. Figure 2 A. Video Editor: Emphasize the ZOL + CEL data in the graph (red) for both low and high dose treatment. 

6.4. Annexin five and 7-AAD staining of SKBR-3 cells treated with the two drugs by themselves and combined showed that the percentage of late apoptotic and necrotic cells was increased after treatment with the drug combination [1]. 

6.4.1. Figure 2 B. Video Editor: Emphasize the upper right graph, 7-AAD+ and ANXA5+. 




Section - Conclusion
7. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.

(Editor: The authors noted that some interview statements were added. It seems that these might all be in the conclusion, but I wasn’t absolutely sure)
7.1. Andreas Heinzel: When attempting this protocol, take the time necessary to identify corresponding DrugBank drug names for all drugs and interventions retrieved from clinical trials. 

7.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
7.2. Paul Perco: The inclusion of additional data such as gene expression profiles or the annotation degree in scientific literature of synthetic lethal interactors for the disease under study may further be used to prioritize synthetic lethal interactions.

7.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
7.3. Michael Krainer: Due to the growing amount of available biomedical data, joining forces with computational biologists is a beneficial interaction leading to novel hypothesis to be tested in the lab. 

7.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
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