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Viral Amplicon Genomics
Pertinent Species: Influenza A / B, COVID, RSV
Introduction
Since the advent and proliferation of COVID (SARS-nCoV2), EICC has been able to facilitate amplicon-based short-read (Illumina) analysis of viral genomes. Specifically, we are able to analyze COVID and RSV in ViralRecon 3.0.0 [1;link], and FluA and FluB (influenza A and B) are able to be analyzed in 2 methods. Preferred analysis for Flu A and Flu B involves DRAGEN Microbial Amplicon 1.1.0 from Illumina [2;link] using Illumina specific fluA/B universal primers has been found to yield the best results across modern variants and strains. The secondary approach for flu A targeted approach with a user-provided set of primers, reference genomes/genes, and annotations can be used for fluA/B provided the user supplies EICC with all of these and the genomics core (EIGC) agrees that it can use a given targeted kit and primer set(s). This analysis is designed to work similar to surveillance-style approaches where repeated batches from a client can be used to monitor the changes and dominant lineages in a given region, hospital, or over time; or as a “one-off” where a set of amplicon-derived sequencing outputs (fastqs) can be analyzed and shared with the client. We strongly recommend clients to meet with both us at EICC and the Genomics Core (EIGC) to determine experimental feasibility and confirm appropriate design and fit before generation of data.

The outputs of both pipelines is very similar in that the client will receive a suite of outputs ranging from QC reports that include: raw and aligned read counts, depth and coverage graphs, and other information; alignments to the reference genome(s) of choice in your virus; host-read (human) removal via kraken (in ViralRecon) or internal Illumina tools; read filtering and cleaning for adapters and quality scores; VCF variant calling files per samples; consensus fasta (.fa) files per sample constructed based on alignment and variant calling; and lastly, nextclade or pangolin [4,5] runs where appropriate and applicable to assign lineage (ask for details if the user requests ViralRecon as this is more complex and may not be feasible). 

For COVID, ViralRecon provides a very detailed MultiQC [3] custom report tailored by the author of the MultiQC package in tandem with ViralRecon authors to give users a one-stop report for most things typically desired in a given run. This report will consist of raw and aligned read counts, coverage information, lineage assignment in nextclade and pangolin, and a report on depth across the COVID reference. It will show if there are too many n bases predicted and give rudimentary variant calling information, e.g. the number of indels, transversions, or transitions. This is what ViralRecon was written to do, but a less-detailed report can be made without lineage information for RSV or FluA/B. Again, for FluA/B, we suggest the use of Illumina’s DRAGEN Microbial Amplicon pipeline. A tarball containing deeper, per-sample level information will be made that includes VCFs, consensus fastas, and .bam alignment files per sample.

For Influenza A / B analytics, a similar set of outputs will be shared but in a more granular format. HTML files will be shared for the whole project that denote the level of success achieved for mapping to the 8 genic regions of interest to Flu, the number of mapped reads, and lineage assignments. As with COVID, the client will be provided a whole-project level HTML-based report and a tarball of compressed per-sample level results including VCFs, .bam files, and consensus .fasta files. 

Requirements from Client
1. Choice of Virus – Flu A/B, COVID, RSV
2. Choice of Analytical Tool set (ViralRecon or Illumina for FluA/B)
a. If ViralRecon, client must provide primer set .bed, reference genome .fa, and reference annotation files .gff; with the exception of COVID.
3. Amplicon-sequenced with appropriate kit generated raw .fastq.gz files
4. EIGC-approved amplicon-based sequencing kit choice. Usually IDT for COVID or RSV and Illumina for FluA/B.
Deliverables and Summary of Steps of Analysis
1. QC reports for overall project, including raw and aligned reads, depth, and more as denoted above.
2. Removal of Host (human) reads and Read trimming, filtering, and cleaning.
3. Per-sample level .bam files for alignments, .vcf files for called variants, and consensus .fasta files.
4. For Flu A/B: per-sample level .html reports with coverage and strain information.
5. Where applicable (see above): Nextclade or Pangolin lineage assignment.
6. A Globus fileshare or AWS upload that will contain all of the above and raw read files upon request.
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