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Public Health Viral Genomics (PHVG): Overview

The Theiagen [https://theiagen.com/] Public Health Viral Genomics repository [https://github.com/theiagen/public_health_viral_genomics] hosts a collection of WDL [https://github.com/openwdl/wdl] workflows for characterization, epidemiology and sharing of the viral pathogen genomes. Currently, these focus on SARS-CoV-2, but workflows for other viral pathogens are anticipated to be available soon.


Getting Started

These workflows can be run at the command-line with Cromwell or miniWDL, but we strongly recommend use through Terra [https://app.terra.bio/], a bioinformatics web application developed by the Broad Institute of MIT and Harvard in collaboration with Microsoft and Verily Life Sciences.

Running via a command-line interface


	Install miniWDL [https://miniwdl.readthedocs.io/en/latest/getting_started.html#install-miniwdl] or Cromwell [https://cromwell.readthedocs.io/en/stable/tutorials/FiveMinuteIntro/]


	Install docker [https://docs.docker.com/desktop/linux/install/]


	Clone Theiagen’s Public Health Viral Genomics git repository [https://github.com/theiagen/public_health_viral_genomics]


	Run using miniWDL




Running via Terra


	Get started up with a Terra workspace [https://support.terra.bio/hc/en-us/categories/360005881492-Getting-Started]


	Import the workflow into the Terra platform [https://www.youtube.com/watch?v=CsnoHJUC1eA]




A series of introductory training videos [https://www.youtube.com/playlist?list=PLU47xRg_MKJrQo3-jl5pPsmBChyif6_8s] provide conceptual overviews the methodologies and tutorials on how to use our WDL workflows. For questions or general support regarding the WDL workflows in this repository, please contact support@theiagen.com
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SARS-CoV-2

The following workflows are all for use with SARS-CoV-2 sequence data. They characterize the genome, produce phylogenetic trees and support data submission to public archiving databases.
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TheiaCoV Characterization Series

The TheiaCoV Characterization Series is a collection of WDL workflows for performing genomic assembly, quality control assessment and characterization of SARS-CoV-2 data to support public health decision-making. These include workflows for first-time analysis of data and workflows to update the Pangolin and VADR outputs for previously analyzed data. Further workflows are available for subsequent genomic epidemiology of SARS-CoV-2.


Overview

Genomic characterization of pathogens is an increasing priority for public health laboratories globally. The workflows in the TheiaCoV Genomic Characterization Series make this easy for SARS-CoV-2 by either taking in raw next-generation sequencing (NGS) data or FASTA assembly files to characterize the virus to the most up-to-date international standards. The workflows facilitate (as required):


	Assembly: Mapping input read data to a reference genome, removing primer reads from that alignment, and then calling the consensus assembly based on the primer-trimmed alignment


	Quality Control (QC): Producing relevant quality-control (QC) metrics for the input read data and the generated assembly.


	Characterization: Using Pangolin for lineage assignment, NextClade for clade assignment, and VADR for validation and annotation.




There are five workflows in the TheiaCoV Characterization Series for first-time analysis of data. They vary according to their input sequencing datatypes, supporting the following:


	Illumina paired-end data (TheiaCoV_Illumina_PE workflow)


	Illumina single-end data (TheiaCoV_Illumina_SE workflow)


	Clear Labs data (TheiaCoV_ClearLabs workflow)


	Oxford Nanopore Technology data (TheiaCoV_ONT workflow)


	Previously assembled genomes in FASTA format (TheiaCoV_FASTA workflow)- this produces only assembly QC metrics, Pangolin lineage and clade assignments.




The input datatypes affect how the downstream assembly and QC steps have to be performed. Methological details for these steps are described for each workflow below. Ultimately, all workflows create equivalent assemblies that are then characterized in the same way. As new SARS-CoV-2 lineages are identified, there are updates to Pangolin and VADR and our ability to characterize SARS-CoV-2. This may require reassignment of previously-analyzed SARS-CoV-2 genomes to meet the most up-to-date standards. Additonal workflows, Pangolin_update and VADR_update are available for this.

More details on how to get started with running these workflows are provided in the Overview [https://public-health-viral-genomics-theiagen.readthedocs.io/en/latest/overview.html#] page.


Note

For all workflows:

Input: All TheiaCoV workflows take in sequencing data generated using tiled PCR-amplicons designed for the SARS-CoV-2 genome. Most commonly, these are generated with the Artic V3 protocol [https://github.com/artic-network/artic-ncov2019/tree/master/primer_schemes/nCoV-2019/V3] but reads resulting from alternative primer/PCR schemes such as the QIAseq Primer Panel [https://www.qiagen.com/us/products/next-generation-sequencing/rna-sequencing/qiaseq-sars-cov-2-primer-panel/], the Artic V4 Amplicon Sequencing Panel [https://github.com/artic-network/artic-ncov2019/tree/master/primer_schemes/nCoV-2019/V4], the Artic V4.1 Amplicon Sequencing Primer Panel [https://github.com/artic-network/artic-ncov2019/tree/master/primer_schemes/nCoV-2019/V4.1], and the Midnight Amplicon Primer Set [https://www.protocols.io/view/sars-cov2-genome-sequencing-protocol-1200bp-amplic-rm7vz8q64vx1/v6] can also be analysed with this workflow. The primer sequence coordinates of the PCR scheme used must be provided in BED file format [https://en.wikipedia.org/wiki/BED_(file_format)#] along with the raw paired-end Illumina read data in FASTQ format. If you are running your workflow on Terra, the bed files for these most commonly used PCR primers can be found in the Data tab, in the workspace data group.

QC: All data should be assessed relative to quality control guidelines for SARS-CoV-2 (e.g. QC guidelines produced by PH4GE [https://github.com/pha4ge/pipeline-resources/blob/main/docs/qc-solutions.md]).

Characterization: All workflows in this series characterize genomes using Pangolin [https://cov-lineages.org/] for lineage assignment, NextClade [https://docs.nextstrain.org/projects/nextclade/en/stable/index.html] for clade assignment, and VADR [https://github.com/ncbi/vadr] for validation and annotation. These tools and their underlying databases are updated regularly and have many versions available, one of which should be selected when running the workflow. The latest versions are described here [https://www.notion.so/theiagen/Docker-Image-and-Reference-Materials-for-SARS-CoV-2-Genomic-Characterization-98328c61f5cb4f77975f512b55d09108].





TheiaCoV_Illumina_PE


[image: TheiaCoV_Illumina_PE workflow]

Input: The TheiaCoV_Illumina_PE workflow [https://github.com/theiagen/public_health_viral_genomics/blob/main/workflows/wf_theiacov_illumina_pe.wdl] was written to process Illumina paired-end (PE) read data generated by tiled PCR for genomic characterization of SARS-CoV-2. By default, this workflow will assume that input reads were generated using a 300-cycle sequencing kit (i.e. 2 x 150 bp reads). Modifications to the optional parameter for trimmomatic_minlen may be required to accommodate shorter read data, such as 2 x 75bp reads generated using a 150-cycle sequencing kit.

Assembly: As outlined in the schematic above, consensus genome assembly with the TheiaCoV_Illumina_PE workflow is performed by first removing human read data with the NCBI SRA-Human-Scrubber [https://github.com/ncbi/sra-human-scrubber] tool then trimming low-quality reads with Trimmomatic [http://www.usadellab.org/cms/?page=trimmomatic] and removing adapter sequences with BBDuk [https://jgi.doe.gov/data-and-tools/software-tools/bbtools/bb-tools-user-guide/bbduk-guide/]. These cleaned read data are then aligned to the Wuhan-1 reference genome [https://github.com/artic-network/artic-ncov2019/blob/master/primer_schemes/nCoV-2019/V3/nCoV-2019.reference.fasta] (unless optionally specified otherwise) with BWA [http://bio-bwa.sourceforge.net/] to generate a Binary Alignment Mapping (BAM [https://en.wikipedia.org/wiki/Binary_Alignment_Map]) file. Primer sequences are next removed from the BAM file using the iVar Trim [https://andersen-lab.github.io/ivar/html/manualpage.html] sub-command. The iVar Consensus sub-command is then used to generate a consensus assembly in FASTA format.

QC: The output files from this workflow are all subjected to quality control assessments:


	Read data is assessed with Kraken2 [https://ccb.jhu.edu/software/kraken2/] to identify the species represented by the reads and with fastq-scan [https://github.com/rpetit3/fastq-scan], before and after read cleaning, to determine read technical quality.


	Quality metrics about the genome alignment are generated with Samtools [http://www.htslib.org/]


	Bash CLI utilities generate quality metrics about the consensus genome assembly.


	NCBI’S VADR [https://github.com/ncbi/vadr] tool screens for potentially errant features in the assembly (e.g. erroneous frame-shift mutations).




More information about the TheiaCoV_Illumina_PE workflow including inputs, outputs and default tool parameters can be found in the tables of required user inputs [https://github.com/theiagen/public_health_viral_genomics/blob/main/docs/source/tables/theiacov_workflows/theiacov_illumina_pe_required_inputs.tsv], optional user inputs [https://github.com/theiagen/public_health_viral_genomics/blob/main/docs/source/tables/theiacov_workflows/theiacov_illumina_pe_optional_inputs.tsv] and outputs [https://github.com/theiagen/public_health_viral_genomics/blob/main/docs/source/tables/theiacov_workflows/theiacov_illumina_pe_outputs.tsv].
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TheiaCoV_Illumina_SE
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Input: The TheiaCoV_Illumina_SE workflow [https://github.com/theiagen/public_health_viral_genomics/blob/main/workflows/wf_theiacov_illumina_se.wdl] was written to process Illumina single-end (SE) read data generated by tiled PCR for genomic characterization of SARS-CoV-2. By default, this workflow will assume that input reads were generated using a 35-cycle kit (i.e. 1 x 35 bp reads). Modifications to the optional parameter for trimmomatic_minlen may be required to accommodate for longer read data.

Assembly: As outlined in the schematic above, consensus genome assembly with the TheiaCoV_Illumina_SE workflow
is performed by trimming low-quality reads with Trimmomatic [http://www.usadellab.org/cms/?page=trimmomatic] and removing adapter sequences with BBDuk [https://jgi.doe.gov/data-and-tools/software-tools/bbtools/bb-tools-user-guide/bbduk-guide/]. These cleaned read data are then aligned to the Wuhan-1 reference genome [https://github.com/artic-network/artic-ncov2019/blob/master/primer_schemes/nCoV-2019/V3/nCoV-2019.reference.fasta] (unless optionally specified otherwise) with BWA [http://bio-bwa.sourceforge.net/] to generate a Binary Alignment Mapping (BAM [https://en.wikipedia.org/wiki/Binary_Alignment_Map]) file. Primer sequences are next removed from the BAM file using the iVar Trim [https://andersen-lab.github.io/ivar/html/manualpage.html] sub-command. The iVar Consensus sub-command is then used to generate a consensus assembly in FASTA format.

NB Sequencing reads derived from the human genome are not removed during this workflow.

QC: The output files from this workflow are all subjected to quality control assessment:


	Read data is assessed with Kraken2 [https://ccb.jhu.edu/software/kraken2/] to identify the species represented by the reads and with fastq-scan [https://github.com/rpetit3/fastq-scan], before and after read cleaning, to determine read technical quality.


	Quality metrics about the raw and primer-trimmed genome alignments are generated with Samtools [http://www.htslib.org/]


	Bash CLI utilities generate quality metrics about the consensus genome assembly.


	NCBI’S VADR [https://github.com/ncbi/vadr] tool screens for potentially errant features in the assembly (e.g. erroneous frame-shift mutations).




More information about the TheiaCoV_Illumina_SE workflow including inputs, outputs and default tool parameters can be found in the tables of required user inputs [https://github.com/theiagen/public_health_viral_genomics/blob/main/docs/source/tables/theiacov_workflows/theiacov_illumina_se_required_inputs.tsv], optional user inputs [https://github.com/theiagen/public_health_viral_genomics/blob/main/docs/source/tables/theiacov_workflows/theiacov_illumina_se_optional_inputs.tsv] and outputs [https://github.com/theiagen/public_health_viral_genomics/blob/main/docs/source/tables/theiacov_workflows/theiacov_illumina_se_outputs.tsv].
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TheiaCoV_ClearLabs
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Input: The TheiaCoV_ClearLabs workflow [https://github.com/theiagen/public_health_viral_genomics/blob/main/workflows/wf_theiacov_clearlabs.wdl] was written to process ClearLabs WGS read data for SARS-CoV-2 amplicon sequencing.

Assembly: As outlined in the schematic above, consensus genome assembly with the TheiaCoV_ClearLabs workflow is performed by first removing human read data with the NCBI SRA-Human-Scrubber [https://github.com/ncbi/sra-human-scrubber] tool then following the Artic nCoV-2019 novel coronavirus bioinformatics protocol [https://artic.network/ncov-2019/ncov2019-bioinformatics-sop.html]. Briefly, input reads are aligned to the Wuhan-1 reference genome [https://github.com/artic-network/artic-ncov2019/blob/master/primer_schemes/nCoV-2019/V3/nCoV-2019.reference.fasta] (unless optionally specified otherwise) with minimap2 [https://github.com/lh3/minimap2] to generate a Binary Alignment Mapping (BAM [https://en.wikipedia.org/wiki/Binary_Alignment_Map]) file. Primer sequences are then removed from the BAM file and a consensus assembly file is generated using the Artic minion [https://artic.readthedocs.io/en/latest/commands/#basecaller] Medaka argument.

NB Read-trimming is performed on raw read data generated on the ClearLabs instrument and thus not a required step in the TheiaCoV_ClearLabs workflow

QC: The output files from this workflow are all subjected to quality control assessment:


	Read data is assessed with Kraken2 [https://ccb.jhu.edu/software/kraken2/] to identify the species represented by the reads and with fastq-scan [https://github.com/rpetit3/fastq-scan] to determine read technical quality.


	Quality metrics about the raw and primer-trimmed genome alignments are generated with Samtools [http://www.htslib.org/]


	Bash CLI utilities generate quality metrics about the consensus genome assembly.


	NCBI’S VADR [https://github.com/ncbi/vadr] tool screens for potentially errant features in the assembly (e.g. erroneous frame-shift mutations).




More information about the TheiaCoV_ClearLabs workflow including inputs, outputs and default tool parameters can be found in the tables of required user inputs [https://github.com/theiagen/public_health_viral_genomics/blob/main/docs/source/tables/theiacov_workflows/theiacov_clearlabs_required_inputs.tsv], optional user inputs [https://github.com/theiagen/public_health_viral_genomics/blob/main/docs/source/tables/theiacov_workflows/theiacov_clearlabs_optional_inputs.tsv] and outputs [https://github.com/theiagen/public_health_viral_genomics/blob/main/docs/source/tables/theiacov_workflows/theiacov_clearlabs_outputs.tsv].
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TheiaCoV_ONT
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Input: The TheiaCoV_ONT workflow [https://github.com/theiagen/public_health_viral_genomics/blob/main/workflows/wf_theiacov_ont.wdl] was written to process basecalled and demultiplexed Oxford Nanopore Technology (ONT) read data.

Assembly: Consensus genome assembly with the TheiaCoV_ONT workflow is performed performed by first de-hosting read data with the NCBI SRA-Human-Scrubber [https://github.com/ncbi/sra-human-scrubber] tool then following the Artic nCoV-2019 novel coronavirus bioinformatics protocol [https://artic.network/ncov-2019/ncov2019-bioinformatics-sop.html]. Briefly, input reads are filtered by size (min-length: 400bp; max-length: 700bp) with the Artic guppyplex command [https://artic.readthedocs.io/en/latest/commands/#guppyplex].  These size-selected read data are aligned to the Wuhan-1 reference genome [https://github.com/artic-network/artic-ncov2019/blob/master/primer_schemes/nCoV-2019/V3/nCoV-2019.reference.fasta] with minimap2 [https://github.com/lh3/minimap2] to generate a Binary Alignment Mapping (BAM [https://en.wikipedia.org/wiki/Binary_Alignment_Map]) file. Primer sequences are then removed from the BAM file and a consensus assembly file is generated using the Artic minion [https://artic.readthedocs.io/en/latest/commands/#basecaller] Medaka argument.

QC: The output files from this workflow are all subjected to quality control assessment:


	Read data is assessed with Kraken2 [https://ccb.jhu.edu/software/kraken2/] to identify the species represented by the reads and with fastq-scan [https://github.com/rpetit3/fastq-scan] to determine raw and cleaned read technical quality.


	Quality metrics about the raw and primer-trimmed genome alignments are generated with Samtools [http://www.htslib.org/]


	Bash CLI utilities generate quality metrics about the consensus genome assembly.


	NCBI’S VADR [https://github.com/ncbi/vadr] tool screens for potentially errant features in the assembly (e.g. erroneous frame-shift mutations).




More information about the TheiaCoV_ONT workflow including inputs, outputs and default tool parameters can be found in the tables of required user inputs [https://github.com/theiagen/public_health_viral_genomics/blob/main/docs/source/tables/theiacov_workflows/theiacov_ont_required_inputs.tsv], optional user inputs [https://github.com/theiagen/public_health_viral_genomics/blob/main/docs/source/tables/theiacov_workflows/theiacov_ont_optional_inputs.tsv] and outputs [https://github.com/theiagen/public_health_viral_genomics/blob/main/docs/source/tables/theiacov_workflows/theiacov_ont_outputs.tsv].
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TheiaCoV_FASTA
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Input: The TheiaCoV_FASTA workflow [https://github.com/theiagen/public_health_viral_genomics/blob/main/workflows/wf_theiacov_fasta.wdl] was written to process SARS-CoV-2 assembly files to only infer the quality of the input assembly and assign SARS-CoV-2 lineage and clade types as outlined in the TheiaCoV_FASTA data workflow below.

QC: The quality of input SARS-CoV-2 genome assemblies are assessed by the TheiaCoV_FASTA workflow using a series of bash shell scripts [https://github.com/theiagen/public_health_viral_genomics/blob/main/tasks/task_qc_utils.wdl].

More information about the TheiaCoV_ONT workflow including inputs, outputs and default tool parameters can be found in the tables of required user inputs [https://github.com/theiagen/public_health_viral_genomics/blob/main/docs/source/tables/theiacov_workflows/theiacov_fasta_required_inputs.tsv], optional user inputs [https://github.com/theiagen/public_health_viral_genomics/blob/main/docs/source/tables/theiacov_workflows/theiacov_fasta_optional_inputs.tsv] and outputs [https://github.com/theiagen/public_health_viral_genomics/blob/main/docs/source/tables/theiacov_workflows/theiacov_fasta_outputs.tsv].


References





When publishing work using TheiaCoV_FASTA, please reference the following:

VADR Schäffer AA, Hatcher EL, Yankie L, Shonkwiler L, Brister JR, Karsch-Mizrachi I, Nawrocki EP. VADR: validation and annotation of virus sequence submissions to GenBank. BMC bioinformatics. 2020 Dec;21(1):1-23.

NextClade Aksamentov I, Roemer C, Hodcroft EB, Neher RA. Nextclade: clade assignment, mutation calling and quality control for viral genomes. Journal of Open Source Software. 2021 Nov 30;6(67):3773.


	Pangolin
	gofasta Benjamin C Jackson, 2021. GoFasta. https://github.com/virus-evolution/gofasta

scorpio Colquhoun & Jackson. 2021. Scorpioi. https://github.com/cov-lineages/scorpio

snakemake Köster J, Rahmann S. Snakemake—a scalable bioinformatics workflow engine. Bioinformatics. 2012 Oct 1;28(19):2520-2.


















Pangolin_Update

The Pangolin_Update workflow updates prior Pangolin lineage calls for each sample to meet the lineage calls specified in a alternative docker image. The most common use case for this is updating lineage calls to be up-to-date with the latest Pangolin nomenclature, by using the latest available Pangolin docker image (found here [https://www.notion.so/theiagen/Docker-Image-and-Reference-Materials-for-SARS-CoV-2-Genomic-Characterization-98328c61f5cb4f77975f512b55d09108]).

More information about the Pangolin_update workflow including inputs, outputs and default tool parameters can be found in the tables of required user inputs [https://github.com/theiagen/public_health_viral_genomics/blob/main/docs/source/tables/pangolin_update_required_inputs.tsv], optional user inputs [https://github.com/theiagen/public_health_viral_genomics/blob/main/docs/source/tables/pangolin_update_optional_inputs.tsv] and outputs [https://github.com/theiagen/public_health_viral_genomics/blob/main/docs/source/tables/pangolin_update_outputs.tsv].
|



VADR_Update

The VADR_Update workflow updates prior VADR assessments for each sample in line with the assessment criteria in a alternative docker image. This may be useful when samples have previously been subject to VADR alerts as updates to VADR assessment criteria may mean that the sample no longer raises concern about quality. The latest docker image for VADR can be found here [https://www.notion.so/theiagen/Docker-Image-and-Reference-Materials-for-SARS-CoV-2-Genomic-Characterization-98328c61f5cb4f77975f512b55d09108].

More information about the VADR_update workflow including inputs, outputs and default tool parameters can be found in the tables of required user inputs [https://github.com/theiagen/public_health_viral_genomics/blob/main/docs/source/tables/vadr_update_required_inputs.tsv], optional user inputs [https://github.com/theiagen/public_health_viral_genomics/blob/main/docs/source/tables/vadr_update_optional_inputs.tsv] and outputs [https://github.com/theiagen/public_health_viral_genomics/blob/main/docs/source/tables/vadr_update_outputs.tsv].
|
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TheiaCoV Epidemiology Series

Genomic Epidemiology is an important approach in the effort to mitigate disease transmission. An often-critical step is generating phylogenetic trees to explore the genetic relationship between viruses on a local, national or global scale. The TheiaCoV Epidemiology Series facilitates this for SARS-CoV-2 by generating files for visualization of phylogenetic trees with accompanying metadata.

The TheiaCoV Epidemiology Series contains two WDL workflows: TheiaCoV_Augur_Prep and TheiaCoV_Augur_Run. These must be run sequentially to first prepare each individual sample for running Augur, and second to run Augur itself on the set of samples, generating the phylogenetic tree files with accompanying metadata. The outputs from these workflows can be vizualised in Auspice [https://docs.nextstrain.org/projects/auspice/en/latest/] and UShER [https://github.com/yatisht/usher]. Helpful resources from the CDC provide an introduction to NextStrain [https://www.cdc.gov/amd/training/covid-toolkit/module3-1.html] (which includes Auspice), guides to NextStrain interactive trees [https://www.cdc.gov/amd/training/covid-toolkit/module3-4.html] and an introduction of UShER [https://www.cdc.gov/amd/training/covid-toolkit/module3-3.html]. There is also a video about how to read trees [https://www.cdc.gov/amd/training/covid-toolkit/module1-3.html] if this is new to you.


TheiaCoV_Augur_Prep

The TheiaCoV_Augur_Prep workflow was written to prepare individual sample assemblies and their metadata for subsequently running the TheiaCoV_Augur_Run analysis.

Input: The TheiaCoV_Augur_Prep workflow takes assembly FASTA files and metadata formatted in a datatable. FASTA files may be generated with one of the TheiaCoV Characterization workflows and should adhere to quality control guidelines, (e.g. QC guidelines produced by PH4GE [https://github.com/pha4ge/pipeline-resources/blob/udubs-qc-guidance-dev/docs/qc-solutions.md#gisaid-assembly-acceptance-criteria]). The metadata can be uploaded to Terra as TSV file, formatted as in this example [https://docs.google.com/spreadsheets/d/1PF1u3R-ZGm53UiVsTlIcpg9Qk2dUJgtx/edit#gid=253517867].

Action: Using BASH commands, assembly files are de-identified and their metadata are reformatted into individual augur_metadata.tsv files which are later used with the Augur software in TheiaCoV_Augur_Run.

More details for using the TheiaCoV_Augur_Prep workflow can be found in tables of required inputs [https://github.com/theiagen/public_health_viral_genomics/blob/main/docs/source/tables/theiacov_workflows/theiacov_augur_prep_required_inputs.tsv], optional inputs [https://github.com/theiagen/public_health_viral_genomics/blob/main/docs/source/tables/theiacov_workflows/theiacov_augur_prep_optional_inputs.tsv] and outputs [https://github.com/theiagen/public_health_viral_genomics/blob/main/docs/source/tables/theiacov_workflows/theiacov_augur_prep_outputs.tsv].



TheiaCoV_Augur_Run

The TheiaCoV_Augur_Run workflow takes a set of assembly/concensus files (FASTA format) and sample metadata files (TSV format) that have been reformatted using TheiaCoV_Augur_Prep and runs Augur via a a modified version of The Broad Institute’s sarscov2_nextstrain WDL workflow to generate the phylogenetic tree files with accompanying metadata. It will also be used to infer SNP distances and create a static PDF report.

Input: The TheiaCoV_Augur_Run workflow takes in a set of SARS-CoV-2 FASTA and metadata files. If running the workflow via Terra, individual samples will need to be added to a set level datatable before running the workflow. Input FASTAs should meet QA metrics. Sets of FASTAs with highly discordant quality metrics may result in inaccurate inference of genetic relatedness. There must be some sequence diversity among the set of input assemblies. If insufficient diversity is present, it may be necessary to add a more divergent sequence to the set.

Action: The TheiaCoV_Augur_Run workflow uses the inputs to generate a phylogenetic tree in JSON format that is compatible with phylogenetic tree visualization software.

Output: The output JSON is intended to be uploaded to Auspice [https://clades.nextstrain.org/] to view the phylogenetic tree. This provides a visualization of the genetic relationships between your set of samples. The metadata_merged output can also be uploaded to add context to the phylogenetic visualization. The combined_assemblies output can be uploaded to UShER [https://genome.ucsc.edu/cgi-bin/hgPhyloPlace] to view the samples on a global tree of representative sequences from the public repositories.


Note

You may generate phylogenies multiple times, running the TheiaCov_Augur_Run workflow, assessing results and amending inputs to generate a final tree with suffient diversity and high-quality data of interest.



More details for using the TheiaCoV_Augur_Run workflow can be found in tables of required inputs [https://github.com/theiagen/public_health_viral_genomics/blob/main/docs/source/tables/theiacov_workflows/theiacov_augur_prep_required_inputs.tsv], optional inputs [https://github.com/theiagen/public_health_viral_genomics/blob/main/docs/source/tables/theiacov_workflows/theiacov_augur_run_optional_inputs.tsv] and outputs [https://github.com/theiagen/public_health_viral_genomics/blob/main/docs/source/tables/theiacov_workflows/theiacov_augur_run_outputs.tsv].


References





When publishing work using TheiaCoV_Augur workflows, please reference the following:


Nextstrain: Hadfield J, Megill C, Bell SM, Huddleston J, Potter B, Callender C, Sagulenko P, Bedford T, Neher RA. Nextstrain: real-time tracking of pathogen evolution. Bioinformatics. 2018 Dec 1;34(23):4121-3.




To publish work using inferences from UShER, please references


UShER: Turakhia Y, Thornlow B, Hinrichs AS, De Maio N, Gozashti L, Lanfear R, Haussler D, Corbett-Detig R. Ultrafast Sample placement on Existing tRees (UShER) enables real-time phylogenetics for the SARS-CoV-2 pandemic. Nature Genetics. 2021 Jun;53(6):809-16.
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Mercury Workflow Series

Sharing of sample read and assembly data through internationally accessible databases allows insights to be drawn about how the virus is spreading and mutating across the globe. This allows international researchers and public health scientists to use these data and help all of us make stronger public health decisions.

The Mercury workflow series was developed to allow users to efficiently and accurately prepare submission files for GISAID, SRA, and Genbank submissions as well as BioSample registration. These workflows were developed to ingest read, assembly, and metadata files associated with SARS-CoV-2 amplicon reads from clinical samples and format these data for submission per the Public Health Alliance for Genomic Epidemiology (PH4GE)’s SARS-CoV-2 Contextual Data Specifications [https://github.com/pha4ge/SARS-CoV-2-Contextual-Data-Specification].

A series of introductory training videos provide a conceptual overview of the methods and walkthrough tutorials on how to use these Mercury workflows through Terra are available on the Theiagen Genomics YouTube page:
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About Theiagen

Our Mission: Together, we will transform public health and infectious disease surveillance through the innovative implementation of NGS and bioinformatics technologies.

Who we are: We are public health scientists committed to improving infectious disease surveillance, food safety, molecular diagnostics, and environmental monitoring.


	We bring expertise from previous academia, government, and industry careers working on diverse projects in infectious disease, cancer, biofuels, and strain engineering.


	Our experience provides us with a “lean forward” perspective.


	We continually strive to push the innovative implementation of technology as efficiently as possible since time is our most valuable resource.




What we believe: NGS technologies used to be the domain of large academic or government research groups. Advances in sequencing technology and cloud computing have produced the “democratization” of NGS and bioinformatics. This democratization allows any clinical, environmental, or food safety organization, regardless of size and resources, to take advantage of these technologies to advance their core business. Results are quicker, more affordable, and have higher resolution and accuracy than ever before.

To team up with Theiagen to address your bioinformatics needs, please get in contact [https://theiagen.com/team-up-with-theiagen/].
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License

GNU Affero General Public License v3.0 [https://github.com/theiagen/public_health_viral_genomics/blob/main/LICENSE]
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Resources for SARS-CoV-2 genomics

Outbreak.info “a standardized, open-source database of COVID-19 resources and epidemiology data” https://outbreak.info

CoVariants “overview of SARS-CoV-2 variants and mutations that are of interest” https://cov-lineages.org/


	CoV-lineages “Latest epidemiological lineages of SARS-CoV-2” https://cov-lineages.org/
	The CoV-lineages website has a fantastic resource page including software and dashboards https://cov-lineages.org/resources.html
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