SUPPLEMENTARY DATA
Summary of the steps used in genomic data analyses

The annotated somatic mutation files in vcf formats, the gene expression files, and the DNA methylation files were all downloaded alongside their respective sample sheets. 

File sorting and genomic data analysis was performed in cygwin.

Annotated somatic mutation data

File sorting

For the annotated somatic mutation data, vcf files were sorted for individual cases by first matching the file names to the TCGA case ID’s in the sample sheet. Then the files were moved into individual case folders (directories) named with TCGA case ID by using the following codes:

                                    mv filename.vcf TCGA-corresponding-caseid

From each individual case folder (directory) the VarScan2 files for the 441 cases were selected from among the four variant callers using the following codes:

cd TCGA-corresponding-caseid  && cp $(grep -lir 'varscan2' *.vep.vcf) TCGA- corresponding-caseid.varscan2.vcf  &&  cd ..

Only the varscan2 files were used to demonstrate the MSI-WES approach.
File processing and quality control

The varscan2 files were renamed GC#1 to GC#441 for the purpose of this study by using the following code

                   cp TCGA-corresponding-caseid.varscan2.vcf  GC#.varscan2.vcf

To enable faster computation, the varscan2 vcf files were stripped of non-essential information, including the headers. For quality control only the variants marked “SOMATIC” and have a “PASS” filter were included for analysis. The following combination of codes was used to strip the vcf files of non-essential and to assure quality:

                            grep –v “##”  GC#.vcf.varscan2.vcf  >  GC#.vcf.vcf
    grep -w   '#CHROM\|PASS'  GC#.vcf.vcf  | grep '#CHROM\|SOMATIC'  > GC#.vcf.clean.vcf  &&  cut -f1,2,4,5  GC#.vcf.clean.vcf  > GC#.vcf.4column.vcf 
With the above codes, only the information about the genomic coordinates (chromosome numbers and positions) and the reference and alternative (mutated) bases were left in the processed files for further analyses. 

Verification of the microsatellite contexts of the small indels 

All 441 processed and quality-controlled vcf files (*.4column.vcf) were moved into one folder (directory) for further analyses. 

A list of potential vcf-based indels was compiled and stored as .txt file (MSILesions.txt). Then, the genomic coordinates of all the small indels were retrieved from the 441 files using the code

                     grep –wf  MSILesions.txt  *.4column.vcf  > MSI.coordinates.csv

The obtained coordinates were input into online software, RefSeq Downloader (https://github.com/Ghahfarokhi/NCBI_Batch_Download/blob/master/1_RefSeq_Downloader_v1.xlsm), to retrieve the flanking sequences of the small indels from the NCBI genome database. 

Per case microsatellite-based indels counting

The indels obtained per case from the computation above (in the MSI.coordinates.csv file) were counted using the code below:
sed 's/\:/\t/g' MSI.coordinates.csv  > MSI.coordinates.tab.csv  && cut –f1 MSI.coordinates.tab.csv  | sort | uniq –c  > MSI.count.csv
The per-case MSI counts were expressed as a fraction of 3088Mb (the size of the genome that was sequences) to obtain the MSI index_ngs.

Mutation targets of MSI
The somatic mutations of the genes TGFBRII, IGFIIR, TCF4, RIZ, BAX, CASPASE5, FAS, BCL10, APAF1, hMSH6, hMSH3, MED1, RAD50, BLM, ATR, and MRE11 were retrieved per case from the 441 processed file using their genomic coordinates which were obtained from ENSEMBL (www.ensembl.org/ ) (see Supplementary Table 1). The codes below enabled the retrieval of the somatic variants of TGFBRII from the vcf files:

awk ‘$3==”chr3” && $2>30606600 && $2<30694142) {print $1, $2, $3, $4}’  GC#.vcf.4column.vcf  > GC#.vcf.TGFBRII.mutations.vcf 

                         cat *.TGFBRII.mutations.vcf  > TGFBRII.mutations.vcf

Somatic mutations of the TGFBRII were then counted using the code below: 

        cut –f1 TGFBRII.mutations.vcf  | sort | uniq –c  > TGFBRII.mutations.count.csv
 Somatic mutations in other MTM genes were similarly retrieved and counted.    
Gene Expression data
File sorting
Level 3 RNASeq data was available for 379 cases and were downloaded in .txt file format. Each .txt file contained data for 60,483 transcipts. The individual case files were sorted by matching the file names to the TCGA case ID’s in the sample sheet. The files were then renamed with the appropriate study identifier: 

                       cp filename.FPKM.txt TCGA-corresponding-caseid.FPKM.txt

                       cp TCGA-corresponding-caseid.FPKM.txt  GC#.FPKM.txt  
MMR gene expression
The ENSEMBL gene identifier of MLH1, MSH2, MSH3, MSH6, PMS1 and PMS2 (Supplementary Table 2) were retrieved from www.ensembl.org/ and used to retrieve the gene expression levels in FPKM. The following code retrieved the gene expression from all the renamed case files:
grep -w  ‘ENSG00000076242’   *.FPKM.txt  >  MLH1_expression.csv
grep -w  ‘ENSG00000095002’   *.FPKM.txt  >  MSH2_expression.csv
grep -w  'ENSG00000113318'    *.FPKM.txt  >  MSH3_expression.csv

grep -w  'ENSG00000116062'    *.FPKM.txt  >  MSH6_expression.csv
grep -w  'ENSG00000122512'    *.FPKM.txt  >  PMS2_expression.csv

grep -w  'ENSG00000064933'    *.FPKM.txt  >  PMS1_expression.csv

DNA Methylation Data

File sorting 

DNA methylation beta value data was available for all 441 cases and 27 normal samples as .txt files. File sorting was achieved by matching the filenames to the TCGA case ID’s on the sample sheet, as before. The files were then renamed with the matching TCGA case ID’s using the code below:
                         cp filename.txt TCGA-corresponding-caseid.methylation.txt

                         cp TCGA-corresponding-caseid.methylation.txt  GC#.methylation.txt 

Then to reduce computation time only the information essential to further analysis were included in the methylation file per case.

cut –f1,2,6,10,11 GC#.methylation.txt  > GC#.methylation.txt.5column.txt          

(#leaves only the probe numbers, beta values, gene symbols, CpG Island coordinates and feature type [or type and position of the regulatory elements] in 5 columns).

 MLH1 promoter methylation
The per-case DNA methylation beta value record contains multiple entries per gene, each entry representing different gene promoter – or other regulatory – regions that has been probed for methylation status. The methylation status per region is stated as a beta value and range from 0.0 to 1.0, with the lower values denoting normo- or hypo-methylation while the higher values denote hypermethylation. The specific promoter region is represented with a numbered probe. As not all the promoter or regulatory regions control gene expression a good strategy that has been adopted for methylation study by many researchers is to probe for promoter regions that consistently show hypo- or normo-methylation (using a beta value of 0.3 as a threshold for normo-methylation [49, 50]) in normal DNA samples, and then test these regions or probes in tumour DNA. In this study the following codes were used to retrieve the probes (promoter or regulatory regions) with consistent normo-methylation in normal DNA files: 

grep –w “MLH1”  *.methylation.5column.normal.txt  > MLH1.methylation.normal.txt 
(# this codes outputs all the MLH1 entries in all the normal sample files into one file).

sed 's/\:/\t/g' MLH1normprobes.methylation.normal.txt  > MLH1.methylation.normal.tab.txt && sed 's/\,/\t/g' MLH1.methylation.normal.tab.txt > MLH1.methylation.normal.tab1.txt  &&      awk ‘$2<=0.3 {print $1, $2, $3, $4, $5}’ MLH1.methylation.normal. tab1.txt  > MLH1normprobes.methylation.normal. tab1txt

        (# retrieves all the MLH1 methylation probes with beta values of <=0.3).
&& cut –f2 MLH1normprobes.methylation.normal.tab1.txt | sort | uniq –c > MLH1normoprobe.count.txt
(#counts how many times the normo-methylated probe is found in the cohort of normal DNA samples, and thus show which probes have normo-methylation consistency or otherwise).
The beta values of the identified probes were sought in tumour files using the codes below and thus tumour were scored as either hypermethylated or hypo-/normo-methylated at these probe regions:

grep –w  “cg00893636”  *.methylation.5column.tumour.txt  >   cg00893636.MLH1.methylation.csv 
grep –w  “cg02279071”  *.methylation.5column.tumour.txt  >   cg02279071.MLH1.methylation.csv 

grep –w  “cg13846866”  *.methylation.5column.tumour.txt  >   cg02279071.MLH1.methylation.csv 

grep –w  “cg18320188”  *.methylation.5column.tumour.txt  >   cg02279071.MLH1.methylation.csv 

(# the probes cg00893636, cg02279071, cg13846866 and cg18320188 were identified in this study).
