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Supplementary Figure S1. SLR Short‐Read Coverage Uniformity. Illumina short read coverage is 

plotted along the length of de novo reconstructed SLRs. SLR lengths were normalized to 100 

bins (x axis) and the average number of short reads per bin is plotted (y axis).  

Supplementary Figure S2. Isoform expression of CD44. Normalized CD44 isoform expression. 

Arrows indicate isoforms that are overexpressed in cancers and metastases. 

Supplementary Figure S3. Isoform expression of ATP1A1. Normalized ATP1A1 isoform 

expression. Arrows indicate isoforms that are overexpressed in cancers. 

 Supplementary Figure S4. Taqman qRT‐PCR to quantify isoforms of ATP1A1. Five sets of 

primers and probes for the indicated isoforms were designed. Taqman qRT‐PCRs were 

performed triplicate to quantify the isoform expression. The results were normalized to the 

mRNA of β‐actin. Three independent experiments were performed for each sample per 

isoform. Standard deviation is indicated.  

Supplementary Figure S5. Non‐switching SNV isoforms do not segregate primary cancer 

samples and metastasis samples. Hierarchical clustering between primary colon cancers and 

metastatic colon cancers based on the quantities of total (top) or non‐switching (bottom) non‐

synonymous single nucleotide variants of all isoforms in each sample. The color reflects SNV 

rate by fraction. (B) Principal component analyses of primary colon cancers and metastatic 

colon cancers based on the quantities of total (top) or non‐switching (bottom) non‐synonymous 

single nucleotide variants of (A). (C) Pearson’s correlation of primary colon cancers and 

metastatic colon cancers based on the quantities of total (top) or non‐switching (bottom) non‐



synonymous single nucleotide variants of (A). The color reflects Pearson’s correlation coefficient 

for the pairing samples. 

Supplementary Figure S6. Schematic diagram of fusion gene screening criteria. 

Supplementary Figure S7. Validation and screening analyses of STAMBPL1‐FAS. Taqman qRT‐

PCRs were performed on benign colon tissues adjacent cancer, colon cancer and lymph node 

metastasis samples using the primers and probes described in the methods. The positions of 

primers and probes are indicated. 

Supplementary Figure S8. Validation and screening analyses of ZNF124‐SMYD3. Taqman qRT‐

PCRs were performed on benign colon tissues adjacent cancer, colon cancer and lymph node 

metastasis samples using the primers and probes described in the methods. The positions of 

primers and probes are indicated. 

Supplementary Figure S9. Validation and screening analyses of PTPRK‐ECHDC1. Taqman qRT‐

PCRs were performed on benign colon tissues adjacent cancer, colon cancer and lymph node 

metastasis samples using the primers and probes described in the methods.  

Supplementary Figure S10. Validation and screening analyses of VAPB‐GNAS. Taqman qRT‐

PCRs were performed on benign colon tissues adjacent cancer, colon cancer and lymph node 

metastasis samples using the primers and probes described in the methods. Taqman qRT‐PCRs 

on β‐actin are the controls. The positions of primers and probes are indicated. 



Supplementary Figure S11. Validation and screening analyses of β‐actin controls. Taqman 

qRT‐PCRs were performed on benign colon tissues adjacent cancer, colon cancer and lymph 

node metastasis samples using the primers and probes described in the methods.  



Supplementary Note 1: Scripts for bioinformatics analysis 
 
 
 

Below is a list of the parameters used for the public domain programs and the LoopSeq pipeline 
 

De Novo Assembly 
 

SPADES was run from a python script with the follow parameters: 
command = spades.py ‐k 21,33,55,77,99,127 ‐t 1 ‐‐careful ‐‐sc ‐‐pe1‐1 left.fq ‐‐pe1‐2 right.fq ‐‐ 
pe1‐s unpaired.fq ‐o spades_output ‐‐disable‐gzip‐output 

 
https://github.com/ablab/spades 

 
Bankevich, A., Nurk, S., Antipov, D., Gurevich, A. A., Dvorkin, M., Kulikov, A. S., Lesin, V. 
M., Nikolenko, S. I., Pham, S., Prjibelski, A. D., Pyshkin, A. V., Sirotkin, A. V., Vyahhi, N., 
Tesler, G., Alekseyev, M. A., & Pevzner, P. A. (2012). SPAdes: a new genome assembly 
algorithm and its applications to single-cell sequencing. Journal of computational biology : a 
journal of computational molecular cell biology, 19(5), 455–477. 
https://doi.org/10.1089/cmb.2012.0021 

 
 

Long‐read transcriptome analysis 
 

SQANTI was run from the command line with default parameters: 
● Copy and paste *contig_list_trimmed.fa for each sample folder 
● isoformsFasta holds the prepared reference files such as *.fa and *.gtf from pipeline 

output 
● refGenome = "$REFERENCE_DIR/Homo_sapiens.GRCh37.75.dna.primary_assembly.fa" 
● refGTF = "$REFERENCE_DIR/Homo_sapiens.GRCh37.75.gtf" 
● gmapIndex = "$REFERENCE_DIR/Homo_sapiens.GRCh37.75.dna.primary_assembly" 
● command = sqanti_qc.py $isoformsFasta $refGTF $refGenome ‐n ‐x $gmapIndex ‐t 8 

 
 

Short read trimming 
 

Trimmomatics was run from a python script with the follow parameters: 
command = ['java ‐jar ' + pipeline.prog_path + '/Trimmomatic‐0.36/trimmomatic‐0.36.jar PE ‐ 
threads 32 ‐trimlog ' + trim_log_file + ' ','../' + pipeline.input_params['raw_file_R1'], '../' + 
pipeline.input_params['raw_file_R2'],' '.join(trim_output_files), 'ILLUMINACLIP:' + 
pipeline.prog_path + '/JAStrim.fa:2:40:14:3:true TRAILING:20 SLIDINGWINDOW:4:15 
MINLEN:36'] 

 
 

Alignment of long reads to reference by BLAST 
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https://academic.oup.com/bioinformatics/article/34/5/748/4562330 
 
 
Alignment of long read to reference by Minimap2 
 
## minimap2 for alignment, default parameter setting 
minimap2 -ax splice $refFile $InFile | samtools view -Sb | samtools sort -o $BAMfile 
samtools index $BAMfile 
 
 
SNV calling  
 
## mpileup for SNV calling, based on Minimap2 alignment files 
bcftools mpileup -d 1000 -f $refFile $BAMfile > $outPathM/mpileup.txt 
 
## file formating 
cat $outPathM/mpileup.txt | sed '/^#/d' |  awk -F "\t" ' $5 ~ /,/ {print}' > $outPathM/mpile 
up_var.txt 
cat $outPathM/mpileup_var.txt | sed '/^#/d' |  awk -F "\t" '{print $1 "\t" $2 "\t" $4 }' > $ 
outPathM/col123.txt 
cat $outPathM/mpileup_var.txt | sed '/^#/d' |  awk -F "\t" '{print $5}' | sed 's/,<\*>//g' > 
 $outPathM/col4.txt 
cat $outPathM/mpileup_var.txt | sed '/^#/d' |  awk -F "\t" '{print $8}' | awk -F ";" '{print 
 $2}' | sed 's/I16=//g' | awk -F "," '{print expr ($1 + $2) "\t" expr ($3 + $4)}' > $outPath 
M/col56.txt 
paste $outPathM/col123.txt $outPathM/col4.txt $outPathM/col56.txt > $outPathM/call_var_all.t 
xt 
 
 
Gene and isoform quantification ďased on SYANTI output and LoopSeq stat files   
See getCount.r script for details 
 
 
ηηηη getCount.r ηηηη 
ηηηηηηηηηηηηηηηηηηηηηη TP0ϴ‐S00ϲϳϴLz, 1L 
 
rm(listсls()) 
 
resсread.csv(Η..ͬdataͬ10ϲ4ͺ:ianHuaͺ1ͺpipelineͺoutputͬsampleͺTP0ϴ‐
S00ϲϳϴLzͬstatsͺtrimmed.csvΗ,headerсT,as.isсT) 
dim(res) η Ϯ040ϴ1     1ϱ 
 
ηη remove molecules without gene annotation 
NAindсwhich(resΨgeneͺnameͺhumanͺrnaссΗΗ) 



resсres‐NAind, 
dim(res) η Ϯ004ϲϴ     1ϱ 
 
rownames(res)сresΨmoleculeͺid 
 
ηη barcode stat file 
statсread.csv(Η..ͬdataͬstatͬ10ϲ4ͺstats.csvΗ,headerсT,as.isсT) 
ŬeepIndсwhich(statΨmoleculeͺid͊сΗΗ) 
 
dfсdata.frame(moleculeͺidсstatΨmoleculeͺidŬeepInd, 
readͺcountсstatΨreadͺcountŬeepInd, 
              geneсresstatΨmoleculeͺidŬeepInd,ΗgeneͺnameͺhumanͺrnaΗ, 
              isoformсresstatΨmoleculeͺidŬeepInd,ΗrefͺidͺhumanͺrnaΗ, 
              stringsAsFactors с F) 
dfis.na(dfΨisoform),ΗisoformΗсΗNAΗ  η correct NA isoform 
dfсcbind(df,isoNameсpaste(dfΨgene,dfΨisoform,sepсΗͺͺΗ)) 
dim(df)  η Ϯ040ϴ1      ϱ 
 
ηη gene count 
dfSplit'eneсsplit(df,dfΨgene) 
geneCountсsapply(dfSplit'ene,function(x) return(sum(x,Ϯ))) 
length(geneCount)  η ϯϴ0ϴ 
 
ηη isoform count 
dfSplitIsoсsplit(df,dfΨisoName) 
isoCountсsapply(dfSplitIso,function(x) return(sum(x,Ϯ))) 
length(isoCount)  η ϳ0ϲ1  including NA 
 
geneсsapply(strsplit(names(isoCount),splitсΗͺͺΗ), function(x) return(x1)) 
 
tabсdata.frame('eneсgene,'eneCountсas.numeric(geneCountgene), 
               Isoformсsapply(strsplit(names(isoCount),splitсΗͺͺΗ), function(x) return(xϮ)), 
               IsoformCountсas.numeric(isoCount)) 
 
write.csv(tab,fileсΗcountͬsampleͺTP0ϴ‐S00ϲϳϴLz.count.csvΗ,row.namesсF,quoteсF) 
 
ηη plot 
hist(log(geneCount,baseс10),breaŬsсϱ0, xlabсΗlog10 (Num of long‐reads per gene)Η, 
ylabсΗ'ene countΗ,mainсNA) 
 
hist(log(isoCount,baseс10),breaŬsсϱ0, xlabсΗlog10 (Num of long‐reads per isoform)Η, 
ylabсΗIsoform countΗ,mainсNA) 
 
 



 
ηηηηηηηηηηηηηηηηηηηηηη TP0ϴ‐S00ϲϳϴT, 1T 
 
rm(listсls()) 
 
res1сread.csv(Η..ͬdataͬ10ϲϱͺ:ianHuaͺϮͺpipelineͺoutputͬsampleͺTP0ϴ‐
S00ϲϳϴTͬstatsͺtrimmed.csvΗ,headerсT,as.isсT) 
dim(res1) η Ϯ10ϲ04     1ϱ 
res1Ψmoleculeͺidсgsub(ΗSADPL�ͺ1ͺDKL�ChL�Η,ΗSADPL�ͺ10ϲϱͺDKL�ChL�Η,res1Ψmoleculeͺi
d) 
 
resϮсread.csv(Η..ͬdataͬ10ϳϮͺ:ianHuaͺϮͺϳϱCͺpipelineͺoutputͬsampleͺTP0ϴ‐
S00ϲϳϴTͬstatsͺtrimmed.csvΗ,headerсT,as.isсT) 
dim(resϮ) η 1ϳϲϴϴϵ     1ϱ 
resϮΨmoleculeͺidсgsub(ΗSADPL�ͺ1ͺDKL�ChL�Η,ΗSADPL�ͺ10ϳϮͺDKL�ChL�Η,resϮΨmoleculeͺi
d) 
 
resϯсread.csv(Η..ͬdataͬ10ϳϯͺ:ianHuaͺϮͺϳϴCͺpipelineͺoutputͬsampleͺTP0ϴ‐
S00ϲϳϴTͬstatsͺtrimmed.csvΗ,headerсT,as.isсT) 
dim(resϯ) η Ϯϱ4Ϯϯ    1ϱ 
resϯΨmoleculeͺidсgsub(ΗSADPL�ͺ1ͺDKL�ChL�Η,ΗSADPL�ͺ10ϳϯͺDKL�ChL�Η,resϯΨmoleculeͺi
d) 
 
resсrbind(res1,resϮ,resϯ) 
dim(res)  η 41Ϯϵ1ϲ     1ϱ 
rownames(res)сresΨmoleculeͺid 
 
ηη remove molecules without gene annotation 
NAindсwhich(resΨgeneͺnameͺhumanͺrnaссΗΗ) 
resсres‐NAind, 
dim(res) η 40ϵ11ϱ     1ϱ 
 
ηη barcode stat file 
stat1сread.csv(Η..ͬdataͬstatͬ10ϲϱͺstats.csvΗ,headerсT,as.isсT) 
ŬeepIndсwhich(stat1Ψmoleculeͺid͊сΗΗ) 
stat1сstat1ŬeepInd, 
stat1Ψmoleculeͺidсgsub(ΗSADPL�ͺ1ͺDKL�ChL�Η,ΗSADPL�ͺ10ϲϱͺDKL�ChL�Η,stat1Ψmolecule
ͺid) 
 
statϮсread.csv(Η..ͬdataͬstatͬ10ϳϮͺstats.csvΗ,headerсT,as.isсT) 
ŬeepIndсwhich(statϮΨmoleculeͺid͊сΗΗ) 
statϮсstatϮŬeepInd, 
statϮΨmoleculeͺidсgsub(ΗSADPL�ͺ1ͺDKL�ChL�Η,ΗSADPL�ͺ10ϳϮͺDKL�ChL�Η,statϮΨmolecule
ͺid) 



 
statϯсread.csv(Η..ͬdataͬstatͬ10ϳϯͺstats.csvΗ,headerсT,as.isсT) 
ŬeepIndсwhich(statϯΨmoleculeͺid͊сΗΗ) 
statϯсstatϯŬeepInd, 
statϯΨmoleculeͺidсgsub(ΗSADPL�ͺ1ͺDKL�ChL�Η,ΗSADPL�ͺ10ϳϯͺDKL�ChL�Η,statϯΨmolecule
ͺid) 
 
statсrbind(stat1,statϮ,statϯ) 
 
sum(resΨmoleculeͺidйinйstatΨmoleculeͺid)  η 40ϵ11ϱ 
 
dfсdata.frame(moleculeͺidсstatΨmoleculeͺid, readͺcountсstatΨreadͺcount, 
              geneсresstatΨmoleculeͺid,ΗgeneͺnameͺhumanͺrnaΗ, 
              isoformсresstatΨmoleculeͺid,ΗrefͺidͺhumanͺrnaΗ, 
              stringsAsFactors с F) 
dfis.na(dfΨisoform),ΗisoformΗсΗNAΗ  η correct NA isoform 
dfсcbind(df,isoNameсpaste(dfΨgene,dfΨisoform,sepсΗͺͺΗ)) 
dim(df)  η 41Ϯϵ1ϲ      ϱ 
 
ηη gene count 
dfSplit'eneсsplit(df,dfΨgene) 
geneCountсsapply(dfSplit'ene,function(x) return(sum(x,Ϯ))) 
length(geneCount)  η ϱ1ϯϵ 
 
ηη isoform count 
dfSplitIsoсsplit(df,dfΨisoName) 
isoCountсsapply(dfSplitIso,function(x) return(sum(x,Ϯ))) 
length(isoCount)  η ϱϵϲϮ  including NA 
 
geneсsapply(strsplit(names(isoCount),splitсΗͺͺΗ), function(x) return(x1)) 
 
tabсdata.frame('eneсgene,'eneCountсas.numeric(geneCountgene), 
               Isoformсsapply(strsplit(names(isoCount),splitсΗͺͺΗ), function(x) return(xϮ)), 
               IsoformCountсas.numeric(isoCount)) 
 
write.csv(tab,fileсΗcountͬsampleͺTP0ϴ‐S00ϲϳϴT.count.csvΗ,row.namesсF,quoteсF) 
 
 
 
 
ηηηηηηηηηηηηηηηηηηηηηη TP0ϴ‐S00ϲϳϴN, 1N 
 
rm(listсls()) 
 



res1сread.csv(Η..ͬdataͬresultϯͬ1ϴϱ4ͺ11ϴϯͺmRNAͺ:ianHuaͺAB10ϳͬ1ϴϱ4ͺoutputͬ1ϴϱ4ͺsample
ͺTP0ϴ‐S00ϲϳϴT‐NKRDALͺaͬ1ϴϱ4ͺsampleͺTP0ϴ‐S00ϲϳϴT‐
NKRDALͺaͺstatsͺtrimmed.csvΗ,headerсT,as.isсT) 
dim(res1) η 1ϮϯϮϴ1     14 
 
resϮсread.csv(Η..ͬdataͬresultϯͬ1ϴϱ4ͺ11ϴϯͺmRNAͺ:ianHuaͺAB10ϳͬ1ϴϱ4ͺoutputͬ1ϴϱ4ͺsample
ͺTP0ϴ‐S00ϲϳϴT‐NKRDALͺbͬ1ϴϱ4ͺsampleͺTP0ϴ‐S00ϲϳϴT‐
NKRDALͺbͺstatsͺtrimmed.csvΗ,headerсT,as.isсT) 
dim(resϮ)  η 1ϯϯϳϲϲ     14 
 
resсrbind(res1,resϮ) 
dim(res)  η Ϯϱϳ04ϳ     14 
rownames(res)сresΨmoleculeͺid 
 
ηη remove molecules without gene annotation 
NAindсwhich(resΨgeneͺnameͺhumanͺrnaссΗΗ) 
resсres‐NAind, 
dim(res) η ϮϱϮ4ϳ4     14 
 
ηη barcode stat file 
stat1сread.csv(Η..ͬdataͬshortReadϯͬ1ϴϱ4ͬ1ϴϱ4ͺsampleͺTP0ϴ‐S00ϲϳϴT‐
NKRDALͺaͺstats.csvΗ,headerсT,as.isсT) 
ŬeepIndсwhich(stat1Ψmoleculeͺid͊сΗΗ) 
stat1сstat1ŬeepInd, 
 
statϮсread.csv(Η..ͬdataͬshortReadϯͬ1ϴϱ4ͬ1ϴϱ4ͺsampleͺTP0ϴ‐S00ϲϳϴT‐
NKRDALͺbͺstats.csvΗ,headerсT,as.isсT) 
ŬeepIndсwhich(statϮΨmoleculeͺid͊сΗΗ) 
statϮсstatϮŬeepInd, 
 
statсrbind(stat1,statϮ) 
 
sum(resΨmoleculeͺidйinйstatΨmoleculeͺid)  η ϮϱϮ4ϳ4 
 
dfсdata.frame(moleculeͺidсstatΨmoleculeͺid, readͺcountсstatΨreadͺcount, 
              geneсresstatΨmoleculeͺid,ΗgeneͺnameͺhumanͺrnaΗ, 
              isoformсresstatΨmoleculeͺid,ΗrefͺidͺhumanͺrnaΗ, 
              stringsAsFactors с F) 
dfis.na(dfΨisoform),ΗisoformΗсΗNAΗ  η correct NA isoform 
dfсcbind(df,isoNameсpaste(dfΨgene,dfΨisoform,sepсΗͺͺΗ)) 
dim(df)  η Ϯϱϳ04ϳ      ϱ 
 
ηη gene count 
dfSplit'eneсsplit(df,dfΨgene) 



geneCountсsapply(dfSplit'ene,function(x) return(sum(x,Ϯ))) 
length(geneCount)  η 4ϴϴϲ 
 
ηη isoform count 
dfSplitIsoсsplit(df,dfΨisoName) 
isoCountсsapply(dfSplitIso,function(x) return(sum(x,Ϯ))) 
length(isoCount)  η ϴϴϴϮ  including NA 
 
geneсsapply(strsplit(names(isoCount),splitсΗͺͺΗ), function(x) return(x1)) 
 
tabсdata.frame('eneсgene,'eneCountсas.numeric(geneCountgene), 
               Isoformсsapply(strsplit(names(isoCount),splitсΗͺͺΗ), function(x) return(xϮ)), 
               IsoformCountсas.numeric(isoCount)) 
 
write.csv(tab,fileсΗcountͬsampleͺTP0ϴ‐S00ϲϳϴN.count.csvΗ,row.namesсF,quoteсF) 
 
 
 
 
 
 
 
ηηηηηηηηηηηηηηηηηηηηηη TP0ϵ‐P1ϵϵT, ϮT 
 
rm(listсls()) 
 
resсread.csv(Η..ͬdataͬ10ϲϲͺ:ianHuaͺϯͺpipelineͺoutputͬsampleͺTP0ϵ‐
P1ϵϵTͬstatsͺtrimmed.csvΗ,headerсT,as.isсT) 
dim(res) η Ϯ4ϯϮϵϲ     1ϱ 
 
ηη remove molecules without gene annotation 
NAindсwhich(resΨgeneͺnameͺhumanͺrnaссΗΗ) 
resсres‐NAind, 
dim(res) η Ϯ40ϳϴϳ    1ϱ 
 
rownames(res)сresΨmoleculeͺid 
 
ηη barcode stat file 
statсread.csv(Η..ͬdataͬstatͬ10ϲϲͺstats.csvΗ,headerсT,as.isсT) 
ŬeepIndсwhich(statΨmoleculeͺid͊сΗΗ) 
 
dfсdata.frame(moleculeͺidсstatΨmoleculeͺidŬeepInd, 
readͺcountсstatΨreadͺcountŬeepInd, 
              geneсresstatΨmoleculeͺidŬeepInd,ΗgeneͺnameͺhumanͺrnaΗ, 



              isoformсresstatΨmoleculeͺidŬeepInd,ΗrefͺidͺhumanͺrnaΗ, 
              stringsAsFactors с F) 
dfis.na(dfΨisoform),ΗisoformΗсΗNAΗ  η correct NA isoform 
dfсcbind(df,isoNameсpaste(dfΨgene,dfΨisoform,sepсΗͺͺΗ)) 
dim(df)  η Ϯ4ϯϮϵϲ      ϱ 
 
ηη gene count 
dfSplit'eneсsplit(df,dfΨgene) 
geneCountсsapply(dfSplit'ene,function(x) return(sum(x,Ϯ))) 
length(geneCount)  η ϱ1ϳ0 
 
ηη isoform count 
dfSplitIsoсsplit(df,dfΨisoName) 
isoCountсsapply(dfSplitIso,function(x) return(sum(x,Ϯ))) 
length(isoCount)  η ϵϯϴϵ  including NA 
 
geneсsapply(strsplit(names(isoCount),splitсΗͺͺΗ), function(x) return(x1)) 
 
tabсdata.frame('eneсgene,'eneCountсas.numeric(geneCountgene), 
               Isoformсsapply(strsplit(names(isoCount),splitсΗͺͺΗ), function(x) return(xϮ)), 
               IsoformCountсas.numeric(isoCount)) 
 
 
write.csv(tab,fileсΗcountͬsampleͺTP0ϵ‐P1ϵϵT.count.csvΗ,row.namesсF,quoteсF) 
 
 
ηηηηηηηηηηηηηηηηηηηηηη TP10‐S0ϱϴϮLz, ϮL 
 
rm(listсls()) 
 
res1сread.csv(Η..ͬdataͬ10ϲϳͺ:ianHuaͺ4ͺpipelineͺoutputͬsampleͺTP10‐
S0ϱϴϮLzͬstatsͺtrimmed.csvΗ,headerсT,as.isсT) 
dim(res1) η ϮϮϵϮϴϮ     1ϱ 
res1сres1,͊colnames(res1)йinйΗclusterͺdadaϮΗ 
res1Ψmoleculeͺidсgsub(ΗSADPL�ͺ1ͺDKL�ChL�Η,ΗSADPL�ͺ10ϲϳͺDKL�ChL�Η,res1Ψmoleculeͺi
d) 
res1Ψmoleculeͺidсgsub(ΗSADPL�ͺ1ͺDKL�ChL�Η,Η10ϲϳͺSADPL�ͺTP10‐
S0ϱϴϮͺLͺDKL�ChL�Η,res1Ψmoleculeͺid) 
 
resϮсread.csv(Η..ͬdataͬresultϯͬ1ϴϱϱͺ11ϴ4ͺmRNAͺ:ianHuaͺAB10ϴͬ1ϴϱϱͺoutputͬ1ϴϱϱͺsample
ͺTP10‐S0ϱϴϮLz‐tumorͺaͬ1ϴϱϱͺsampleͺTP10‐S0ϱϴϮLz‐tumorͺaͺstatsͺtrimmed.csvΗ, 
headerсT,as.isсT) 
dim(resϮ)  η 1ϳϴ104     14 
 



resϯсread.csv(Η..ͬdataͬresultϯͬ1ϴϱϱͺ11ϴ4ͺmRNAͺ:ianHuaͺAB10ϴͬ1ϴϱϱͺoutputͬ1ϴϱϱͺsample
ͺTP10‐S0ϱϴϮLz‐tumorͺbͬ1ϴϱϱͺsampleͺTP10‐S0ϱϴϮLz‐tumorͺbͺstatsͺtrimmed.csvΗ, 
headerсT,as.isсT) 
dim(resϯ)  η 1ϵ4ϴϯϲ     14 
 
res4сread.csv(Η..ͬdataͬresultϯͬ1ϴϱϲͺ11ϴϱͺmRNAͺ:ianHuaͺAB10ϴͬ1ϴϱϲͺoutputͬ1ϴϱϲͺsample
ͺTP10‐S0ϱϴϮLz‐tumorͺcͬ1ϴϱϲͺsampleͺTP10‐S0ϱϴϮLz‐tumorͺcͺstatsͺtrimmed.csvΗ, 
headerсT,as.isсT) 
dim(res4)  η 1ϳϴϱ0Ϯ     14 
 
resϱсread.csv(Η..ͬdataͬresultϯͬ1ϴϱϲͺ11ϴϱͺmRNAͺ:ianHuaͺAB10ϴͬ1ϴϱϲͺoutputͬ1ϴϱϲͺsample
ͺTP10‐S0ϱϴϮLz‐tumorͺdͬ1ϴϱϲͺsampleͺTP10‐S0ϱϴϮLz‐tumorͺdͺstatsͺtrimmed.csvΗ, 
headerсT,as.isсT) 
dim(resϱ)  η 1ϵϱϲ0Ϯ     14 
 
resсrbind(res1,resϮ,resϯ,res4,resϱ) 
dim(res)  η ϵϳϲϯϮϲ     14 
rownames(res)сresΨmoleculeͺid 
 
ηη remove molecules without gene annotation 
NAindсwhich(resΨgeneͺnameͺhumanͺrnaссΗΗ) 
resсres‐NAind, 
dim(res) η ϵϲϱϮϮϯ     14 
 
ηη stat 
stat1сread.csv(Η..ͬdataͬstatͬ10ϲϳͺstats.csvΗ,headerсT,as.isсT) 
ŬeepIndсwhich(stat1Ψmoleculeͺid͊сΗΗ) 
stat1сstat1ŬeepInd, 
stat1сstat1,͊colnames(stat1)йinйΗclusterͺdadaϮΗ 
stat1Ψmoleculeͺidсgsub(ΗSADPL�ͺ1ͺDKL�ChL�Η,ΗSADPL�ͺ10ϲϳͺDKL�ChL�Η,stat1Ψmolecule
ͺid) 
 
statϮсread.csv(Η..ͬdataͬshortReadϯͬ1ϴϱϱͬ1ϴϱϱͺsampleͺTP10‐S0ϱϴϮLz‐
tumorͺaͺstats.csvΗ,headerсT,as.isсT) 
ŬeepIndсwhich(statϮΨmoleculeͺid͊сΗΗ) 
statϮсstatϮŬeepInd, 
 
statϯсread.csv(Η..ͬdataͬshortReadϯͬ1ϴϱϱͬ1ϴϱϱͺsampleͺTP10‐S0ϱϴϮLz‐
tumorͺbͺstats.csvΗ,headerсT,as.isсT) 
ŬeepIndсwhich(statϯΨmoleculeͺid͊сΗΗ) 
statϯсstatϯŬeepInd, 
 
stat4сread.csv(Η..ͬdataͬshortReadϯͬ1ϴϱϲͬ1ϴϱϲͺsampleͺTP10‐S0ϱϴϮLz‐
tumorͺcͺstats.csvΗ,headerсT,as.isсT) 



ŬeepIndсwhich(stat4Ψmoleculeͺid͊сΗΗ) 
stat4сstat4ŬeepInd, 
 
statϱсread.csv(Η..ͬdataͬshortReadϯͬ1ϴϱϲͬ1ϴϱϲͺsampleͺTP10‐S0ϱϴϮLz‐
tumorͺdͺstats.csvΗ,headerсT,as.isсT) 
ŬeepIndсwhich(statϱΨmoleculeͺid͊сΗΗ) 
statϱсstatϱŬeepInd, 
 
statсrbind(stat1,statϮ,statϯ,stat4,statϱ) 
 
sum(resΨmoleculeͺidйinйstatΨmoleculeͺid)  η ϵϲϱϮϮϯ 
 
dfсdata.frame(moleculeͺidсstatΨmoleculeͺid, readͺcountсstatΨreadͺcount, 
              geneсresstatΨmoleculeͺid,ΗgeneͺnameͺhumanͺrnaΗ, 
              isoformсresstatΨmoleculeͺid,ΗrefͺidͺhumanͺrnaΗ, 
              stringsAsFactors с F) 
dfis.na(dfΨisoform),ΗisoformΗсΗNAΗ  η correct NA isoform 
dfсcbind(df,isoNameсpaste(dfΨgene,dfΨisoform,sepсΗͺͺΗ)) 
dim(df)  η ϵϳϲϯϮϲ      ϱ 
 
ηη gene count 
dfSplit'eneсsplit(df,dfΨgene) 
geneCountсsapply(dfSplit'ene,function(x) return(sum(x,Ϯ))) 
length(geneCount)  η ϲ1ϲϮ 
 
ηη isoform count 
dfSplitIsoсsplit(df,dfΨisoName) 
isoCountсsapply(dfSplitIso,function(x) return(sum(x,Ϯ))) 
length(isoCount)  η 1ϮϳϮ0  including NA 
 
geneсsapply(strsplit(names(isoCount),splitсΗͺͺΗ), function(x) return(x1)) 
 
tabсdata.frame('eneсgene,'eneCountсas.numeric(geneCountgene), 
               Isoformсsapply(strsplit(names(isoCount),splitсΗͺͺΗ), function(x) return(xϮ)), 
               IsoformCountсas.numeric(isoCount)) 
 
write.csv(tab,fileсΗcountͬsampleͺTP10‐S0ϱϴϮLz.count.csvΗ,row.namesсF,quoteсF) 
 
 
 
 
ηηηηηηηηηηηηηηηηηηηηηη TP10‐S1000Lz, ϯL 
 
rm(listсls()) 



 
resсread.csv(Η..ͬdataͬ10ϲϴͺ:ianHuaͺϱͺpipelineͺoutputͬsampleͺTP10‐
S1000Lzͬstatsͺtrimmed.csvΗ,headerсT,as.isсT) 
dim(res) η Ϯϯ10ϵ1     1ϱ 
 
ηη remove molecules without gene annotation 
NAindсwhich(resΨgeneͺnameͺhumanͺrnaссΗΗ) 
resсres‐NAind, 
dim(res) η ϮϮϴϯϱ1     1ϱ 
 
rownames(res)сresΨmoleculeͺid 
 
ηη barcode stat file 
statсread.csv(Η..ͬdataͬstatͬ10ϲϴͺstats.csvΗ,headerсT,as.isсT) 
ŬeepIndсwhich(statΨmoleculeͺid͊сΗΗ) 
 
dfсdata.frame(moleculeͺidсstatΨmoleculeͺidŬeepInd, 
readͺcountсstatΨreadͺcountŬeepInd, 
              geneсresstatΨmoleculeͺidŬeepInd,ΗgeneͺnameͺhumanͺrnaΗ, 
              isoformсresstatΨmoleculeͺidŬeepInd,ΗrefͺidͺhumanͺrnaΗ, 
              stringsAsFactors с F) 
dfis.na(dfΨisoform),ΗisoformΗсΗNAΗ  η correct NA isoform 
dfсcbind(df,isoNameсpaste(dfΨgene,dfΨisoform,sepсΗͺͺΗ)) 
dim(df)  η Ϯϯ10ϵ1     ϱ 
 
ηη gene count 
dfSplit'eneсsplit(df,dfΨgene) 
geneCountсsapply(dfSplit'ene,function(x) return(sum(x,Ϯ))) 
length(geneCount)  η 4ϲ0ϴ 
 
ηη isoform count 
dfSplitIsoсsplit(df,dfΨisoName) 
isoCountсsapply(dfSplitIso,function(x) return(sum(x,Ϯ))) 
length(isoCount)  η ϴϲϯ0  including NA 
 
geneсsapply(strsplit(names(isoCount),splitсΗͺͺΗ), function(x) return(x1)) 
 
tabсdata.frame('eneсgene,'eneCountсas.numeric(geneCountgene), 
               Isoformсsapply(strsplit(names(isoCount),splitсΗͺͺΗ), function(x) return(xϮ)), 
               IsoformCountсas.numeric(isoCount)) 
 
write.csv(tab,fileсΗcountͬsampleͺTP10‐S1000Lz.count.csvΗ,row.namesсF,quoteсF) 
 
 



 
ηηηηηηηηηηηηηηηηηηηηηη TP10‐S1000T, ϯT 
 
rm(listсls()) 
 
res1сread.csv(Η..ͬdataͬ10ϲϵͺ:ianHuaͺϲͺpipelineͺoutputͬsampleͺTP10‐
S1000Tͬstatsͺtrimmed.csvΗ,headerсT,as.isсT) 
dim(res1) η Ϯ41ϵϴ4     1ϱ 
res1сres1,͊colnames(res1)йinйΗclusterͺdadaϮΗ 
res1Ψmoleculeͺidсgsub(ΗSADPL�ͺ1ͺDKL�ChL�Η,ΗSADPL�ͺ10ϲϵͺDKL�ChL�Η,res1Ψmoleculeͺi
d) 
ηres1Ψmoleculeͺidсgsub(ΗSADPL�ͺ1ͺDKL�ChL�Η,Η10ϲϵͺSADPL�ͺTP10‐
S1000ͺTͺDKL�ChL�Η,res1Ψmoleculeͺid) 
 
resϮсread.csv(Η..ͬdataͬresultϯͬ1ϴϱϯͺ11ϴϮͺmRNAͺ:ianHuaͺAB10ϲͬ1ϴϱϯͺoutputͬ1ϴϱϯͺsample
ͺTP10‐S1000T‐tumorͺcͬ1ϴϱϯͺsampleͺTP10‐S1000T‐
tumorͺcͺstatsͺtrimmed.csvΗ,headerсT,as.isсT) 
dim(resϮ)  η 1ϲϮϲ0ϲ     14 
 
resϯсread.csv(Η..ͬdataͬresultϯͬ1ϴϱϯͺ11ϴϮͺmRNAͺ:ianHuaͺAB10ϲͬ1ϴϱϯͺoutputͬ1ϴϱϯͺsample
ͺTP10‐S1000T‐tumorͺdͬ1ϴϱϯͺsampleͺTP10‐S1000T‐
tumorͺdͺstatsͺtrimmed.csvΗ,headerсT,as.isсT) 
dim(resϯ)  η 1ϲϮϲ0ϲ     14 
 
res4сread.csv(Η..ͬdataͬresultϯͬ1ϴϱϳͺ11ϴ1ͺmRNAͺ:ianHuaͺAB10ϲͺrerunͬ1ϴϱϳͺoutputͬ1ϴϱϳͺs
ampleͺTP10‐S1000T‐tumorͺaͬ1ϴϱϳͺsampleͺTP10‐S1000T‐
tumorͺaͺstatsͺtrimmed.csvΗ,headerсT,as.isсT) 
dim(res4)  η 1ϲϮϴϴϴ     14 
 
resϱсread.csv(Η..ͬdataͬresultϯͬ1ϴϱϳͺ11ϴ1ͺmRNAͺ:ianHuaͺAB10ϲͺrerunͬ1ϴϱϳͺoutputͬ1ϴϱϳͺs
ampleͺTP10‐S1000T‐tumorͺbͬ1ϴϱϳͺsampleͺTP10‐S1000T‐
tumorͺbͺstatsͺtrimmed.csvΗ,headerсT,as.isсT) 
dim(resϱ)  η ϮϮϳ4ϲϲ     14 
 
resсrbind(res1,resϮ,resϯ,res4,resϱ) 
dim(res)  η 10ϮϮ111     14 
rownames(res)сresΨmoleculeͺid 
 
ηη remove molecules without gene annotation 
NAindсwhich(resΨgeneͺnameͺhumanͺrnaссΗΗ) 
resсres‐NAind, 
dim(res) η 1010ϯ0ϵ    14 
 
 



ηη stat 
stat1сread.csv(Η..ͬdataͬstatͬ10ϲϵͺstats.csvΗ,headerсT,as.isсT) 
ŬeepIndсwhich(stat1Ψmoleculeͺid͊сΗΗ) 
stat1сstat1ŬeepInd, 
stat1сstat1,͊colnames(stat1)йinйΗclusterͺdadaϮΗ 
stat1Ψmoleculeͺidсgsub(ΗSADPL�ͺ1ͺDKL�ChL�Η,ΗSADPL�ͺ10ϲϵͺDKL�ChL�Η,stat1Ψmolecule
ͺid) 
 
statϮсread.csv(Η..ͬdataͬshortReadϯͬ1ϴϱϯͬ1ϴϱϯͺsampleͺTP10‐S1000T‐
tumorͺcͺstats.csvΗ,headerсT,as.isсT) 
ŬeepIndсwhich(statϮΨmoleculeͺid͊сΗΗ) 
statϮсstatϮŬeepInd, 
 
statϯсread.csv(Η..ͬdataͬshortReadϯͬ1ϴϱϯͬ1ϴϱϯͺsampleͺTP10‐S1000T‐
tumorͺdͺstats.csvΗ,headerсT,as.isсT) 
ŬeepIndсwhich(statϯΨmoleculeͺid͊сΗΗ) 
statϯсstatϯŬeepInd, 
 
stat4сread.csv(Η..ͬdataͬshortReadϯͬ1ϴϱϳͬ1ϴϱϳͺsampleͺTP10‐S1000T‐
tumorͺaͺstats.csvΗ,headerсT,as.isсT) 
ŬeepIndсwhich(stat4Ψmoleculeͺid͊сΗΗ) 
stat4сstat4ŬeepInd, 
 
statϱсread.csv(Η..ͬdataͬshortReadϯͬ1ϴϱϳͬ1ϴϱϳͺsampleͺTP10‐S1000T‐
tumorͺbͺstats.csvΗ,headerсT,as.isсT) 
ŬeepIndсwhich(statϱΨmoleculeͺid͊сΗΗ) 
statϱсstatϱŬeepInd, 
 
statсrbind(stat1,statϮ,statϯ,stat4,statϱ) 
 
sum(resΨmoleculeͺidйinйstatΨmoleculeͺid)  η 1010ϯ0ϵ 
 
dfсdata.frame(moleculeͺidсstatΨmoleculeͺid, readͺcountсstatΨreadͺcount, 
              geneсresstatΨmoleculeͺid,ΗgeneͺnameͺhumanͺrnaΗ, 
              isoformсresstatΨmoleculeͺid,ΗrefͺidͺhumanͺrnaΗ, 
              stringsAsFactors с F) 
dfis.na(dfΨisoform),ΗisoformΗсΗNAΗ  η correct NA isoform 
dfсcbind(df,isoNameсpaste(dfΨgene,dfΨisoform,sepсΗͺͺΗ)) 
dim(df)  η 10ϮϮ111      ϱ 
 
ηη gene count 
dfSplit'eneсsplit(df,dfΨgene) 
geneCountсsapply(dfSplit'ene,function(x) return(sum(x,Ϯ))) 
length(geneCount)  η ϴϯϮϱ 



 
ηη isoform count 
dfSplitIsoсsplit(df,dfΨisoName) 
isoCountсsapply(dfSplitIso,function(x) return(sum(x,Ϯ))) 
length(isoCount)  η 1ϲϳϴ4  including NA 
 
geneсsapply(strsplit(names(isoCount),splitсΗͺͺΗ), function(x) return(x1)) 
 
tabсdata.frame('eneсgene,'eneCountсas.numeric(geneCountgene), 
               Isoformсsapply(strsplit(names(isoCount),splitсΗͺͺΗ), function(x) return(xϮ)), 
               IsoformCountсas.numeric(isoCount)) 
 
write.csv(tab,fileсΗcountͬsampleͺTP10‐S1000T.count.csvΗ,row.namesсF,quoteсF) 
 
 
ηηηηηηηηηηηηηηηηηηηηηη TP10‐S1000N, ϯN 
 
rm(listсls()) 
 
res1сread.csv(Η..ͬdataͬresultϯͬ1ϴϱ1ͺ11ϳϵͺmRNAͺ:ianHuaͺAB10ϱͬ1ϴϱ1ͺoutputͬ1ϴϱ1ͺsample
ͺS1000T‐NKRDALͺaͬ1ϴϱ1ͺsampleͺS1000T‐NKRDALͺaͺstatsͺtrimmed.csvΗ,headerсT,as.isсT) 
dim(res1) η 1ϳϲϱ0Ϯ     14 
 
resϮсread.csv(Η..ͬdataͬresultϯͬ1ϴϱ1ͺ11ϳϵͺmRNAͺ:ianHuaͺAB10ϱͬ1ϴϱ1ͺoutputͬ1ϴϱ1ͺsample
ͺS1000T‐NKRDALͺbͬ1ϴϱ1ͺsampleͺS1000T‐NKRDALͺbͺstatsͺtrimmed.csvΗ,headerсT,as.isсT) 
dim(resϮ) η ϮϵϱϵϮϯ     14 
 
resсrbind(res1,resϮ) 
dim(res)  η 4ϳϮ4Ϯϱ     14 
rownames(res)сresΨmoleculeͺid 
 
ηη remove molecules without gene annotation 
NAindсwhich(resΨgeneͺnameͺhumanͺrnaссΗΗ) 
resсres‐NAind, 
dim(res) η 4ϲϲϲϳ4     14 
 
ηη barcode stat file 
stat1сread.csv(Η..ͬdataͬshortReadϯͬ1ϴϱ1ͬ1ϴϱ1ͺsampleͺS1000T‐
NKRDALͺaͺstats.csvΗ,headerсT,as.isсT) 
ŬeepIndсwhich(stat1Ψmoleculeͺid͊сΗΗ) 
stat1сstat1ŬeepInd, 
 
statϮсread.csv(Η..ͬdataͬshortReadϯͬ1ϴϱ1ͬ1ϴϱ1ͺsampleͺS1000T‐
NKRDALͺbͺstats.csvΗ,headerсT,as.isсT) 



ŬeepIndсwhich(statϮΨmoleculeͺid͊сΗΗ) 
statϮсstatϮŬeepInd, 
 
statсrbind(stat1,statϮ) 
 
sum(resΨmoleculeͺidйinйstatΨmoleculeͺid)  η 4ϲϲϲϳ4 
 
dfсdata.frame(moleculeͺidсstatΨmoleculeͺid, readͺcountсstatΨreadͺcount, 
              geneсresstatΨmoleculeͺid,ΗgeneͺnameͺhumanͺrnaΗ, 
              isoformсresstatΨmoleculeͺid,ΗrefͺidͺhumanͺrnaΗ, 
              stringsAsFactors с F) 
dfis.na(dfΨisoform),ΗisoformΗсΗNAΗ  η correct NA isoform 
dfсcbind(df,isoNameсpaste(dfΨgene,dfΨisoform,sepсΗͺͺΗ)) 
dim(df)  η 4ϳϮ4Ϯϱ      ϱ 
 
ηη gene count 
dfSplit'eneсsplit(df,dfΨgene) 
geneCountсsapply(dfSplit'ene,function(x) return(sum(x,Ϯ))) 
length(geneCount)  η ϲ0ϵϲ 
 
ηη isoform count 
dfSplitIsoсsplit(df,dfΨisoName) 
isoCountсsapply(dfSplitIso,function(x) return(sum(x,Ϯ))) 
length(isoCount)  η 11ϯϳ0  including NA 
 
geneсsapply(strsplit(names(isoCount),splitсΗͺͺΗ), function(x) return(x1)) 
 
tabсdata.frame('eneсgene,'eneCountсas.numeric(geneCountgene), 
               Isoformсsapply(strsplit(names(isoCount),splitсΗͺͺΗ), function(x) return(xϮ)), 
               IsoformCountсas.numeric(isoCount)) 
 
write.csv(tab,fileсΗcountͬsampleͺTP10‐S1000N.count.csvΗ,row.namesсF,quoteсF) 
 
 
 
 
Fusion text‐searching 
See searchFusion.r script for details 
 
########## searchFusion.r ########## 
rm(list=ls()) 
 
getRevComp <- function(s){ 
  sSplit=strsplit(s,split="")[[1]] 



  N=length(sSplit) 
  sRevSplit=rep("",length=N) 
  for(i in 1:N){ 
    if(sSplit[i]=="A"){ 
      sRevSplit[N-i+1]="T" 
    }else if(sSplit[i]=="T"){ 
      sRevSplit[N-i+1]="A" 
    }else if(sSplit[i]=="C"){ 
      sRevSplit[N-i+1]="G" 
    }else if(sSplit[i]=="G"){ 
      sRevSplit[N-i+1]="C" 
    }else{ 
      sRevSplit[N-i+1]="N" 
    } 
  } 
  sRev=paste(sRevSplit,collapse="") 
  return(sRev) 
} 
 
#FileList=list.files("/zfs1/sliu/Luo/LoopSeq/dataAll") 
 
 
res=read.csv("Unique_fusion_V3.csv",header=T,as.is=T) 
 
for(i in 1:nrow(res)){ 
  print(i) 
   
  seqSplit=strsplit(res[i,"fusionSeq"],split="")[[1]] 
   
  ### forward seq 
  seqF=toupper(paste(seqSplit[c(41:50,52:61)],collapse="")) 
  ### reverse seq 
  seqR=getRevComp(seqF) 
   
  ## search among the data 
  #BAMfile=paste("/zfs1/sliu/Luo/LoopSeq/dataAll/*/sample_T*/contig_list_trimmed.fa",sep="") 
  BAMfile=paste("/zfs2/sliu/Luo/LoopSeq/pipeline3/data/*/TP*fastq",sep="") 
   
  s=paste("grep -n ",seqF," ",BAMfile," | awk -F \":\" '{print  \"", res[i,"Gene_A"], "\" \"\\t\" \"", 
res[i,"Gene_B"], "\" \"\\t\" $1 \"\\t\" $2 \"\\t\" $3 }' >> forward.txt",sep="") 
  system(s) 
   
  s=paste("grep -n ",seqR," ",BAMfile," | awk -F \":\" '{print  \"", res[i,"Gene_A"], "\" \"\\t\" \"", 
res[i,"Gene_B"], "\" \"\\t\" $1 \"\\t\" $2 \"\\t\" $3 }' >> reverse.txt",sep="") 



   
  system(s) 
   
} 
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