
Supplementary Methods
The following few sections describe genomic variant analysis based on recommendation provided in the training section of Galaxy project (22, 23). 

Ensuring the quality of sequence reads data
The quality for some of the sequence reads data were checked for quality control using ‘FastQC’ tool in the platform (Galaxy Version 0.72+galaxy1). The default value for “Disable grouping of bases for reads >50bp” was set to ‘No’ and the length of Kmer to look for was also set at default value of 7. Typical result for FastQC is shown in the Supplementary Information section. The author aims to get sequence read with Phread score of at least 30 and passed basic quality requirements such as having a good ‘Per base sequence quality’ and ‘Per sequence quality scores.

Importing the reference genome data
All genomic variant analysis in this report were based on comparison with the original reference genome for SARS-CoV-2, which was ‘Wuhan-Hu-1’ complete genome, having the accession ID of NC_045512.2. It was downloaded from https://zenodo.org/record/3906454/files/NC_045512.2.fasta.  This reference genome was used for mapping and other subsequent variant analysis such as annotation and variant calling.

Adapter trimming with ‘fastp’ tool
The ‘fastp’ (Galaxy Version 0.20.1+galaxy0) tool was set with the following parameters. For “Single-end or paired reads”, the actual sequence reads to be analyzed was selected; either ‘Paired Collection’ or ‘Single-end Collection’. For “Select paired collection(s)”, the output file listed the drop-down menu, which was the output of ‘Faster Download and Extract Reads in FASTQ’ tool was chosen. In the ‘Output Options’ section, “Output JSON report” was set to ‘Yes’. The JSON file can be seen in the history panel on the right and will be used in the subsequent analysis or processing of the raw data. All other parameters were left at their default value. The results of this adapter trimming process can be seen in the Supplementary Information.

Alignment with ‘Map with BWA-MEM’ tool
The ‘Map with BWA-MEM’ (Galaxy Version 0.7.17.1) tool was set with the following parameters. For “Will you select a reference genome from your history or use a built-in index?”, ‘Use a genome from history and build index’ was selected. For “Use the following dataset as the reference sequence”, the reference genome dataset described above was selected. For “Single or Paired-end reads”, the actual format of the sample to be analyzed was selected, whether it was a ‘Paired Collection’, ‘Single’ or ‘Paired’. For “Select a paired collection”, the output of ‘fastp’ tool analysis performed previously was selected. For “Set read groups information?”, ‘Do not set’ was selected. For “Select analysis mode”, ‘1. Simple Illumina mode’ was selected. All other parameters (if any) were left at their default value. The output of the alignment with ‘Map with BWA-MEM’ tool can be seen in the history panel in the form of ‘Mapped reads in the BAM format’.

Remove duplicates with ‘MarkDuplicates’ tool
‘MarkDuplicates’ (Galaxy Version 2.18.2.2) tool was set with the following parameters. For “Select SAM/BAM dataset or dataset collection”, the output file from ‘Map with BWA-MEM’ tool described above was selected. It should be in the BAM format. For “If true do not write duplicates to the output file instead of writing them with appropriate flags set”, ‘Yes’ was selected. Other parameters such as “Barcode Tag” and “The scoring strategy for choosing the non-duplicate among candidates” were left at their default values. Lenient validation stringency was used in this analysis.

Generate alignment statistics with ‘Samtools stats’ tool
‘Samtools stats’ (Galaxy Version 2.0.2+galaxy2) tool was used with the following parameters. For “BAM file”, the output file of ‘MarkDuplicates’ tool generated previously was selected. For “Set coverage distribution”, ‘No’ was selected. For “Output”, ‘One single summary file’ was selected. For “Filter by SAM flags”, ‘Do not filter’ was selected. For “Use a reference sequence”, ‘No’ was selected. And for “Filter by regions”. ‘No’ was selected. Other requested information such as “Size of GC-depth bins” and “Maximum insert size” were left empty or at their default value.

Realign reads with ‘lofreq viterbi’ tool
‘Realign reads with lofreq viterbi’ (Galaxy Version 2.1.5+galaxy0) tool was set with the following parameters. For “Reads to realign”, the output file from ‘MarkDuplicates’ tool was selected. For “Choose the source for the reference genome”, ‘History’ was selected from the drop-down menu. For “Reference”, the reference file described above was selected. In “Advanced options”, for “How to handle base qualities of 2?”, ‘Keep unchanged’ was selected. All other parameters were left at their default values. 

Add indel qualities with lofreq ‘Insert indel qualities’ tool
‘Insert indel qualities with lofreq’ (Galaxy Version 2.1.5+galaxy0) tool was set with the following parameters. For “Reads”, the output file from ‘Realign reads with lofreq’ tool was selected from the drop-down menu. For “Indel calculation approach”, ‘Dindel’ approach was chosen. For “Choose the source for the reference genome”, ‘History’ was selected and for “Reference”, the reference dataset described earlier was selected.

Call Variants using lofreq ‘Call variants’ tool
‘Call variants’ (Galaxy Version 2.1.5+galaxy1) with lofreq tool was set with the following parameters. For “Input reads in BAM format”, the output file from ‘Insert indel qualities’ tool was selected. For “Choose the source for the reference genome”, ’History’ was selected and on the “Reference”, the reference dataset downloaded previously was selected. For “Call variants across”, ‘Whole reference’ was selected. For “Types of variants to call”, the ‘SNVs and indels’ was selected. For “Variant calling parameters”, ‘Configure settings’ was chosen with the following configuration. In “Coverage”, the “Minimal coverage” was set to 50. In “Base-calling quality”, “Minimum baseQ” was set to 30 and “Minimum baseQ for alternate bases” was also set to 30. In “Mapping quality”, the “Minimum mapping quality” was set to 20 and in the “Variant filter parameters”, the ‘Preset filtering on QUAL score + coverage + strand bias (lofreq call default)’ was selected. All other parameters such as “Base quality to use for alternate bases” and “Maximum mapping quality” were left at their default values.

Annotate variant effects with ‘SnpEff eff’ tool
The ‘SnpEff eff’ (Galaxy Version 4.5covid19) annotate variants for SARS-CoV-2 tool was set with the following parameters. For “Sequence changes (SNPs, MNPs, InDels)”, the variants output from ‘Call variants’ tool was selected. ‘VCF’ format was used as input file format. For the “Select an annotated Coronavirus genome”, the “NC_045512.2: COVID19 Severe Acute Respiratory Syndrome Coronavirus 2 isolate Wuhan-Hu-1” was selected. For “Output format”, the “VCF (only if input is VCF)” was selected. For “Create CSV report, useful for downstream analysis (-csvStats)”, ‘Yes’ was selected. For “Annotation options”, none was selected. For “Filter output”, none was selected. For “Filter out specific Effects”, ‘No’ was selected. For all other parameters such as “Chromosomal position” and “Text to prepend to chromosome name” were left empty or at their default values.

Create table of variants using ‘SnpSift Extract Fields’ tool
The ‘SnpSift Extract Fields’ (Galaxy Version 4.3+t.galaxy0) tool was set with the following parameters. For “Variant input file in VCF format”, the output file from ‘SnpEff eff’ analysis tool was selected. For “Fields to extract”, the phrase “CHROM POS REF ALT QUAL DP AF SB DP4 EFF[*].IMPACT  EFF[*].EFFECT EFF[*].GENE EFF[*].CODON ANN[*].ALLELE ANN[*].EFFECT ANN[*].IMPACT ANN[*].GENE ANN[*].FEATURE ANN[*].BIOTYPE” was entered into the field. For ‘One effect per line’, ‘Yes’ was selected. The “multiple field separator” was left blank and in the “empty field text”, a dot (.) was entered. The output of ‘SnpSift Extract Fields’ tool analysis was subsequently filtered to show only the ‘S’ region of the coronavirus.

Summarize and plot data with ‘MultiQC’ tool
The output of all analysis using ‘fastp’, ‘Samtools stats’, ‘MarkDuplicates’ and ‘SnpEff eff’ tools were combined using MultiQC tool for all-in-one plotting and reporting purposes. The graphs can be seen in the Supplementary Information section of this report. To achieve this, the ‘MultiQC’ (Galaxy Version 1.8+galaxy1) tool was set with the following parameters. In “Results”, “Insert Results” was clicked and in the “Which tool was used generate logs?”, ‘fastp’ was selected from the drop-down menu. For “Output of fastp”, all of outputs of ‘fastp’ tool in the JSON format were all selected together. The “Insert Results” button was pressed for additional data. For “Which tool was used generate logs?”, ‘Samtools’ was selected. In the “Type of Samtools output?”, ‘stats’ was selected. In the “Samtools stats output”, all the output files from ‘Samtools stats’ tool analysis were selected together from the drop-down menu. The “Insert Results” button was pressed for additional data. For “Which tool was used generate logs?”, ‘Picard’ was selected. In the “Type of Picard output?”, ‘Markdups’ was selected. In the “Picard output”, all the metric files output from ‘MarkDuplicates’ tool analysis was selected together from the drop-down menu. The “Insert Results” button was further pressed for additional data. For “Which tool was used generate logs?”, ‘SnpEff’ was selected. In the “output of SnpEff”, all the CSV files output from ‘SnpEff’ tool analysis were selected together from the drop-down menu.
