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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
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. 
2.2 and 2.3: Getting the AD genes
4.1: Cell-type specificity
4.2: Gene annotation analysis
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. 
Downloading all required datasets and configuring the computing environment is critical. To ensure that readers can follow the procedures, We included detailed instructions for installation and configuration of all required software and packages. 
1. Workstation setup. *not in the video 
4.2. Homer install 
5. Will the filming need to take place in multiple locations? Y
If yes, how far apart are the locations? Next building, 5-minute walk


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.


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

1.1. Hyejung Won: While GWAS have successfully identified genomic regions associated with human traits and diseases, the biological impact of these risk variants is unclear. Here we outline a protocol to computationally predict putative target genes of GWAS risk variants using chromatin interaction profiles.  

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

1.2. Doug Phanstiel: The main advantage of this technique is that by using 3D chromatin contact frequencies we can identify the genes affected by Alzheimer’s Disease risk variants even if they are thousands or even millions of base pairs away.

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)  - All interview statements may be edited for length and clarity.


1.3. Ivana Yoseli Quiroga: Often times the identification of risk genes is the first step to understand disease mechanisms and allow for novel therapeutic approaches We hope that the results of this work could eventually lead to novel strategies to diagnose and treat Alzheimer’s disease.

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

1.4. Nana Matoba: While we are using this technique to identify AD risk genes, this can be applied to any GWAS to identify the genes or pathways impacting the phenotypes.  

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

1.5. Nana Matoba: When attempting this protocol, familiarity with R or a linux-based system is critical because the user is expected to conduct the entire protocol with this system.

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






Section - Protocol
Video Editor: The code and commands in the text overlay is just a suggestion. Alternatively, please emphasize the code on screen in whatever way is most visually appealing (zoom in, highlight, etc). Also, please either speed up or skip the typing, the code and commands are the most important parts.
2. Generation of a GRanges Object for Credible SNPs and Positional Mapping
2.1. To perform this computational protocol, refer to the code in the text manuscript or on screen [1]. Begin by setting up in R [2-TXT] to generate a GRanges (pronounce “G-ranges’) object for credible SNPs [3-TXT]. 
2.1.1. WIDE: Establishing shot of talent sitting down at the computer and beginning to work.
2.1.2. LAB MEDIA: 60428_screenshot_1.mkv. 0:00 – 1:10. Video Editor: Speed up the typing. The code in blue is the important part. TEXT: library(GenomicRanges) ; options(stringsAsFactors = F) ; setwd("~/work") # This is the path to the working directory. ; credSNP = read.delim("Supplementary_Table_8_Jansen.txt", header=T) ; credSNP = credSNP[credSNP$Credible.Causal=="Yes", ] 
2.1.3. LAB MEDIA: 60428_screenshot_1.mkv. 1:10 – 2:30. Video Editor: Speed up the typing. The code in blue is the important part. TEXT: credranges = GRanges(credSNP$Chr, IRanges(credSNP$bp, credSNP$bp), rsid=credSNP$SNP, ; P=credSNP$P) ; save(credranges, file="AD_credibleSNP.rda")
2.2. For positional mapping, set up in R [1-TXT], then load the promoter and exonic region and generate a GRange object [2-TXT]. Overlap the credible SNPs with the exonic regions [3-TXT] and with the promoter regions [4-TXT]. Video Editor: This step is important!
2.2.1. LAB MEDIA: 60428_screenshot_2.mkv. 0:00 – 0:35. Video Editor: Speed up the typing. The code in blue is the important part. TEXT: options(stringsAsFactors=F) ; library(GenomicRanges) ; load("AD_credibleSNP.rda")
2.2.2. LAB MEDIA: 60428_screenshot_2.mkv. 0:35 – 2:16. Video Editor: Speed up the typing. The code in blue is the important part. TEXT: exon = read.table("Gencode19_exon.bed") ; exonranges = GRanges(exon[,1],IRanges(exon[,2],exon[,3]),gene=exon[,4]) ; promoter = read.table("Gencode19_promoter.bed") ; promoterranges = GRanges(promoter[,1], IRanges(promoter[,2], promoter[,3]), ; gene=promoter[,4])
2.2.3. LAB MEDIA: 60428_screenshot_2.mkv. 2:16 – 3:32. Video Editor: Speed up the typing. The code in blue is the important part. TEXT: olap = findOverlaps(credranges, exonranges) ; credexon = credranges[queryHits(olap)] ; mcols(credexon) = cbind(mcols(credexon), mcols(exonranges[subjectHits(olap)]))
2.2.4. LAB MEDIA: 60428_screenshot_2.mkv. 3:32 – 4:47. Video Editor: Speed up the typing. The code in blue is the important part. TEXT: olap = findOverlaps(credranges, promoterranges) ; credpromoter = credranges[queryHits(olap)] ; mcols(credpromoter) = cbind(mcols(credpromoter), mcols(promoterranges[subjectHits(olap)]))
2.3. To link SNPs to their putative target genes using chromatin interactions, load the Hi-C dataset and generate a GRange object [1-TXT]. Overlap the credible SNPs with the Hi-C GRange object [2-TXT] and compile AD candidate genes defined by positional mapping and chromatin interaction profiles [3-TXT]. Video Editor: This step is important!
2.3.1. LAB MEDIA: 60428_screenshot_3.mkv. 0:00 – 3:39. Video Editor: Speed up the typing. The code in blue is the important part. TEXT: hic = read.table("Promoter-anchored_chromatin_loops.bed ", skip=1) ; colnames(hic) = c("chr", "TSS_start", "TSS_end", "Enhancer_start", "Enhancer_end") ; hicranges = GRanges(hic$chr, IRanges(hic$TSS_start, hic$TSS_end), ; enhancer=hic$Enhancer_start) ; olap = findOverlaps(hicranges, promoterranges) ; hicpromoter = hicranges[queryHits(olap)] ; mcols(hicpromoter) = cbind(mcols(hicpromoter), mcols(promoterranges[subjectHits(olap)])) ; hicenhancer = GRanges(seqnames(hicpromoter), IRanges(hicpromoter$enhancer, ; hicpromoter$enhancer+10000), gene=hicpromoter$gene)
2.3.2. LAB MEDIA: 60428_screenshot_3.mkv. 3:40 – 4:32. Video Editor: Speed up the typing. The code in blue is the important part. TEXT: olap = findOverlaps(credranges, hicenhancer) ; credhic = credranges[queryHits(olap)] ; mcols(credhic) = cbind(mcols(credhic), mcols(hicenhancer[subjectHits(olap)]))
2.3.3. LAB MEDIA: 60428_screenshot_4.mkv. whole video. Video Editor: Speed up the typing. The code in blue is the important part. TEXT: ADgenes = Reduce(union, list(credhic$gene, credexon$gene, credpromoter$gene)) ; load("geneAnno.rda") ; ADhgnc = geneAnno1[match(ADgenes, geneAnno1$ensembl_gene_id), "hgnc_symbol"] ; ADhgnc = ADhgnc[ADhgnc!=""] ; save(ADgenes, ADhgnc, file="ADgenes.rda") ; write.table(ADhgnc, file="ADgenes.txt", row.names=F, col.names=F, quote=F, sep="\t")

3. Developmental Expression Trajectories
3.1. Next, explore developmental trajectories. Set up in R [1-TXT] and process the expression meta data [2-TXT]. Specify developmental stages [3-TXT] and select cortical regions [4-TXT]. 
3.1.1. LAB MEDIA: 60428_screenshot_5.mkv. 0:00 – 0:47. Video Editor: Speed up the typing. The code in blue is the important part. TEXT: library(reshape); library(ggplot2); library(GenomicRanges); library(biomaRt) ; library("WGCNA") ; options(stringsAsFactors=F)
3.1.2. LAB MEDIA: 60428_screenshot_5.mkv. 0:47 – 5:23. Video Editor: Speed up the typing. The code in blue is the important part. TEXT: datExpr = read.csv("expression_matrix.csv", head = FALSE) ; datExpr = datExpr[,-1] ; datMeta = read.csv("columns_metadata.csv") ; datProbes = read.csv("rows_metadata.csv") ; datExpr = datExpr[datProbes$ensembl_gene_id!="",] ; datProbes = datProbes[datProbes$ensembl_gene_id!="",] ; datExpr.cr= collapseRows(datExpr, rowGroup = datProbes$ensembl_gene_id, rowID= rownames(datExpr)) ; datExpr = datExpr.cr$datETcollapsed ; gename = data.frame(datExpr.cr$group2row) ; rownames(datExpr) = gename$group
3.1.3. LAB MEDIA: 60428_screenshot_5.mkv. 5:23 – 6:52. Video Editor: Speed up the typing. The code in blue is the important part. TEXT: datMeta$Unit = "Postnatal" ; idx = grep("pcw", datMeta$age) ; datMeta$Unit[idx] = "Prenatal" ; idx = grep("yrs", datMeta$age) ; datMeta$Unit[idx] = "Postnatal" ; datMeta$Unit = factor(datMeta$Unit, levels=c("Prenatal", "Postnatal"))
3.1.4. LAB MEDIA: 60428_screenshot_5.mkv. 6:52 – 9:51. Video Editor: Speed up the typing. The code in blue is the important part. TEXT: datMeta$Unit = "Postnatal" ; datMeta$Region = "SubCTX" ; r = c("A1C", "STC", "ITC", "TCx", "OFC", "DFC", "VFC", "MFC", "M1C", "S1C", "IPC", "M1C-S1C", "PCx", "V1C", "Ocx") ; datMeta$Region[datMeta$structure_acronym %in% r] = "CTX" ; datExpr = datExpr[,which(datMeta$Region=="CTX")] ; datMeta = datMeta[which(datMeta$Region=="CTX"),] ; save(datExpr, datMeta, file="devExpr.rda")
3.2. Extract the developmental expression profiles of AD risk genes [1-TXT] and compare prenatal versus postnatal expression levels [2-TXT]. 
3.2.1. LAB MEDIA: 60428_screenshot_6.mkv. 0:00 – 1:00. Video Editor: Speed up the typing. The code in blue is the important part. TEXT: load("ADgenes.rda") ; exprdat = apply(datExpr[match(ADgenes, rownames(datExpr)),],2,mean,na.rm=T) ; dat = data.frame( Region=datMeta$Region, Unit=datMeta$Unit, Expr=exprdat)
3.2.2. LAB MEDIA: 60428_screenshot_6.mkv. 1:00 – 2:31. Video Editor: Speed up the typing. The code in blue is the important part. TEXT: pdf(file="developmental_expression.pdf") ; ggplot(dat,aes(x=Unit, y=Expr, fill=Unit, alpha=Unit)) + ylab("Normalized expression") + geom_boxplot(outlier.size = NA) + ggtitle("Brain Expression") + xlab("") + scale_alpha_manual(values=c(0.2, 1)) + theme_classic() + theme(legend.position="na") ; dev.off()
4. Cell-type Expression Profiles and Gene Annotation Enrichment Analysis
4.1. Investigate cell-type expression profiles by setting up in R [1-TXT] and extracting cellular expression profiles of AD risk [2-TXT]. Video Editor: This step is important!

4.1.1. LAB MEDIA: 60428_screenshot_7.mkv. 0:00 – 2:50. Video Editor: Speed up the typing. The code in blue is the important part. TEXT: options(stringsAsFactors=F) ; load("ADgenes.rda") ; load("singlecell.rda") ; load("geneAnno.rda") ; targetname = "AD" ; targetgene = Adhgnc ; cellexp = read.table("DER- ; 20_Single_cell_expression_processed_TPM_backup.tsv”,header=T,fill=T) ; cellexp[1121,1] = cellexp[1120,1] ; cellexp = cellexp[-1120,] ; rownames(cellexp) = cellexp[,1] ; cellexp = cellexp[,-1] ; datExpr = scale(cellexp,center=T, scale=F) ; datExpr = datExpr[,789:ncol(datExpr)]    

4.1.2. LAB MEDIA: 60428_screenshot_7.mkv. 2:50 – 4:36. Video Editor: Speed up the typing. The code in blue is the important part. TEXT: exprdat = apply(datExpr[match(targetgene, rownames(datExpr)),],2,mean,na.rm=T) ; dat = data.frame(Group=targetname, cell=names(exprdat), Expr=exprdat) ; dat$celltype = unlist(lapply(strsplit(dat$cell, split="[.]"),'[[',1)) ; dat = dat[-grep("Ex|In",dat$celltype),] ; dat$celltype = gsub("Dev","Fetal",dat$celltype) ; dat$celltype = factor(dat$celltype, levels=c("Neurons","Astrocytes","Microglia","Endothelial", ; "Oligodendrocytes","OPC","Fetal")) ; pdf(file="singlecell_expression_ADgenes.pdf") ; ylab("Normalized expression") + xlab("") + geom_violin() + theme(axis.text.x=element_text(angle = 90, hjust=1)) + theme(legend.position="none") + ggtitle(paste0("Cellular expression profiles of AD risk genes")) ; dev.off()

4.2. Finally, perform gene annotation enrichment analysis of AD risk genes. Download and configure HOMER [1-TXT]. Then, run HOMER [2-TXT] and plot the enriched terms with RStudio [3-TXT]. Video Editor: This step is important!

4.2.1. LAB MEDIA: 60428_screenshot_8.mkv. 0:00 – 0:44. Video Editor: Emphasize the commands (just the ones written out in TEXT) that appear in white after “phanstiel15@phanstielsimac5:”. TEXT: mkdir homer ; cd homer ; wget http://homer.ucsd.edu/homer/configureHomer.pl ; perl ./configureHomer.pl -install (0:15) ; perl ./configureHomer.pl -install human-p (0:24) ; perl ./configureHomer.pl -install human-o (0:30) 
4.2.2. LAB MEDIA: 60428_screenshot_8.mkv. 0:44 – 0:53. Video Editor: Emphasize the commands (just the ones written out in TEXT) that appear in white after “phanstiel15@phanstielsimac5:”. TEXT: export PATH=$PATH:~/work/homer/bin ; findMotifs.pl ~/work/ADgenes.txt human ~/work/
4.2.3. LAB MEDIA: 60428_screenshot_9.mkv. 0:11 – 3:10. Video Editor: Speed up the typing. The code in blue is the important part. TEXT: library(ggpubr) ; options(stringsAsFactors=F) ; pdf("GO_enrichment.pdf",width=15,height=8) ; plot_barplot = function(dbname,name,color){ ; input = read.delim(paste0(dbname,".txt"),header=T) ; input = input[,c(-1,-10,-11)] ; input = unique(input) ; input$FDR = p.adjust(exp(input$logP)) ; input_sig = input[input$FDR < 0.1,] ; input_sig$FDR = -log10(input_sig$FDR) ; input_sig = input_sig[order(input_sig$FDR),] ; p = ggbarplot(input_sig, x = "Term", y = "FDR", fill = color, color = "white", sort.val = "asc", ylab = expression(-log[10](italic(FDR))), xlab = paste0(name," Terms"), rotate = TRUE, label = paste0(input_sig$Target.Genes.in.Term,"/",input_sig$Genes.in.Term), font.label = list(color = "white", size = 9), lab.vjust = 0.5, lab.hjust = 1) ; p = p+geom_hline(yintercept = -log10(0.05), linetype = 2, color = "lightgray") ; return(p) ; } ; p1 = plot_barplot("biological_process","GO Biological Process","#00AFBB") ; p2 = plot_barplot("kegg","KEGG","#E7B800") ; p3 = plot_barplot("reactome","Reactome","#FC4E07") ; ggarrange(p1, p2, p3, labels = c("A", "B", "C"), ncol = 2, nrow = 2) ; dev.off()






Section – Results
5. Results: Determination and Characterization of Putative Target Genes of AD GWS Loci  
5.1. A set of 800 credible SNPs was investigated using this process [1]. Positional mapping revealed that 103 SNPs overlapped with promoters [2] and 42 SNPs overlapped with exons [3], while 84% of the SNPs remained unannotated [4]. 
5.1.1. LAB MEDIA: Figure 1 A. 
5.1.2. LAB MEDIA: Figure 1 A. Video Editor: Emphasize the overlap with promoter branch. 
5.1.3. LAB MEDIA: Figure 1 A. Video Editor: Emphasize the overlap with exon branch. 
5.1.4. LAB MEDIA: Figure 1 A. 
5.2. Using Hi-C datasets in the adult brain, an additional 208 SNPs were linked to 64 genes based on physical proximity [1]. In total, mapped 284 AD credible SNPs were mapped to 112 AD risk genes [2].
5.2.1. LAB MEDIA: Figure 1 A. Video Editor: Emphasize the Hi-C branch. 
5.2.2. LAB MEDIA: Figure 1 A. Video Editor: Emphasize the Total. 
5.3. AD risk genes were associated with amyloid precursor proteins, amyloid-beta formation, and immune response, which reflects the known biology of the disease [1]. 
5.3.1. LAB MEDIA: Figure 1 B – D. Video Editor: Either show B, C, and D side-by-side or scroll down the figure as VO speaks. 

5.4. Developmental expression profiles of AD risk genes showed marked postnatal enrichment, indicative of the age-associated elevated risk of the disease [1]. Finally, the genes were highly expressed in microglia, the primary immune cells in the brain, which supports the recurrent findings that AD has a strong immune basis [2]. 

5.4.1. LAB MEDIA: Figure 2 A. 
5.4.2. LAB MEDIA: Figure 2 B. Video Editor: Emphasize the microglia data. 






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

6.1. Ivana Yoseli Quiroga: Here we use Hi-C data from the brain tissue to analyze the biological impact of Alzheimer’s risk variants. However, to apply this method to other GWA studies, the availability of Hi-C data in the relevant tissue is critical. 

6.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested B-roll: 2.3.1. 
6.2. Doug Phanstiel: These results can be further studied and validated using CRISPR-based technologies, enhancer-reporter assays, or by intersecting with other functional genomic data sets such expression quantitative trait loci.

6.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
6.3. Hyejung Won: Here we identified dozens of Alzheimer’s disease risk genes, and we expect that identification of these genes can help us understand their previously unknown role in Alzheimer’s disease.

6.3.1. [bookmark: _GoBack]INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
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