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Abstract Example Outputs
Advancing technologies for high throughput nucleic acid sequencing provide powerful tools to monitor the presence and evolution of environmental pathogens. 
Application of such tools in wastewater systems holds great promise for efficient surveillance of pathogen dynamics at the community level, as was demonstrated 
during the SARS-CoV-2 pandemic. Ongoing methods development that underlies both the growing scale of datasets and the expanding number of specific 
pathogens targeted for study necessitates parallel development of new and diverse computational tools to analyze the data. As part of SARS-CoV-2 response efforts, 
we developed MixviR1, an open-source, user-friendly bioinformatic analysis package written in R for rapid analysis, visualization, and exploration of genome-scale 
sequence data from environmental sources, including wastewater, where a mixture of various lineages may be present. MixviR provides methods for identifying such 
lineages and estimating their relative proportions from the sample. The program was written with a goal of making it readily accessible and usable by public health 
professionals, and since the original publication, we continue to update MixviR, emphasizing ease of use and an expanded scope of pathogens it can be applied to. 
This presentation provides an overview of the process of analyzing data with MixviR, and includes highlights of recent updates to the program.
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What’s New/What’s Coming

Collect Potentially 
Mixed Sample

Generate Genomic 
Library

Generate 
Sequence Data

Align To 
Reference

Identify
Variants

@Seq1
ATCCGATTAGCGATACCGA
+
IIIIIIIIIIIIIIIIIII
@Seq2
TGCAAGATTACCCACGATA
+
IIIIIIIIIIIIIIIIIII
@Seq3
CAAGTTAAAATAGCCGGCA
+
IIIIIIIIIIIIIIIIIII
@Seq4
GGGACCTAGGACGGAGATA
+
IIIIIIIIIIIIIIIIIII

https://www.neorsd.org/about/southerly/

Samples can be collected from any 
environmental source from which 
nucleic acids can be extracted and 
purified, including wastewater2 or 
indoor dust3. 

Nucleic acids are prepared for 
NGS. This process can include 
reverse transcription, enrichment 
of target pathogens, sequencing 
adapter ligation, etc.

Sequence data are generated on 
high throughput sequencers using 
either ”short-read” (i.e. Illumina) or 
”long-read” (i.e. Oxford Nanopore, 
PacBio) technologies.

Sequence reads are aligned to a reference 
genome. This can be done with a variety of 
aligners, including those offered as apps within 
Illumina’s Basespace environment. The aligned 
reads are typically output in SAM/BAM format.

Aligned reads are analyzed to create a VCF file that 
stores information on variants (mutations) relative 
to the reference genome. Like the alignment step, 
VCF generation can be performed with Illumina 
Basespace apps. 
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The first step in a MixviR analysis is to 
use the call_mutations() function to 
translate the nucleic acid-level 
variants in the VCF file(s) to amino 
acid-level mutations, estimate the 
frequency of each of these mutations, 
and quantify the level at which each 
position in the genome was sampled.

Genomic and Bioinformatics Jargon

References

An optional lineage/mutations file provides the 
identities of mutations associated with 
specific target lineages, and is used to 
evaluate which of those lineages are likely to 
be present in the sample.

An initial output is a full list of 
mutations, with nonsynonymous 
mutations  translated and reported 
at the amino acid level. This table 
is the basis for subsequent MixviR 
analyses.

MixviR analyses require 3 inputs. Reference 
genomes and associated features files are 
provided for common pathogens, including 
SARS-CoV-2,  leaving one VCF file per sample 
as the only user-required input in those cases.

MixviR:
call_mutations()

MixviR:
explore_mutations()

The explore_mutations() function of 
MixviR evaluates which lineages are 
represented in the sample, and 
estimates their relative frequencies 
based on the observed mutations.

View Mutations Tab New Mutations Tab

Lineages Present Tab Mutation Frequencies Tab

Lineages Table

The lineages table is written to a text file (csv format) that contains lineages and sublineages identified for each sample, along with estimated frequencies and information on mutations present and absent for each.

# of total 
characteristic 
mutations for the 
target lineage

Proportion of the 
characteristic 
mutations identified 
in the sample

Estimated relative 
frequency of the 
lineage in the 
sample

Identities of 
characteristic 
mutations observed in 
the sample

Identities of 
characteristic mutations 
not observed in the 
sample

Sublineages 
identified in 
the sample

Proportion of 
characteristic 
sublineage mutations 
observed in the sample

Estimated relative 
frequency of the 
sublineage in the 
sample

Identities of 
characteristic 
sublineage mutations 
observed in the 
sample

Table displaying mutations that first appeared in 
the dataset after a specified date

Plots of the frequencies of specified individual 
mutations over time.

Table listing all mutations identified for each 
sample analyzed that can be searched, sorted, 
and filtered.

Graphical summaries of lineages identified in the sample (top, points above horizontal dashed red line), and estimated relative 
frequencies of the identified lineages (bottom). Each point on the plot is interactive, with details visible when a point or bar is 
hovered over (example black box in top right).

Various options for text and/or graphical 
outputs are available to facilitate data 
analysis/exploration. See examples 
under “Example Outputs” section on 
right.

Variant: A position that differs when comparing two or more aligned DNA sequences. Variants represent the outcome of 
mutation, but the term is also often used synonymously with “mutation”. Note relationship to “Lineage” below.
SNP: Single nucleotide polymorphism; a common type of variant in which two individual nucleotides differ from each other 
(i.e. A vs T).
Indel: Short for insertion/deletion; a type of variant in which one or more nucleotides have been inserted or deleted from 
one DNA sequence relative to another.
Lineage: A group of individuals connected through a continuous line of descent. Individuals within a lineage share a unique 
set of genetic variants as a result of their common ancestry, and typically represent a large number of generations. Note that 
in practice, the term “variant” is also sometimes used synonymously with this definition of “lineage”. 
Genomics: Study of the complete, or nearly complete, set of an individual’s hereditary information. Genomics differs from 
genetics largely with regards to the scale of the data generated, and has been facilitated by evolving NGS technologies.

NGS: Also referred to as high-throughput sequencing, second-generation sequencing, massively parallel sequencing, or 
“Illumina” sequencing (Illumina makes the instruments the majority of NGS studies are currently performed on). NGS 
technologies have revolutionized the natural sciences, allowing generation of genome-scale datasets that consist of up to 
billions of individual sequence reads in just days.
Basespace: A user-friendly, online (cloud-based) platform for bioinformatic analysis and data storage associated with 
Illumina sequencing instruments.
VCF: Variant Call Format; a specified format for text files that store genetic variants identified in samples.
BED: A specified format for text files that store information on relative positions of genes, or other features of interest, within 
a reference genome. The features are specified by a combination of a sequence/chromosome name and the beginning and 
ending coordinates/positions within the reference sequence.
SAM: Specified file format for text files storing sequence data after alignment to a reference. Compressed version is BAM.

Ø Option to explicitly analyze sublineages in addition to main lineages available as of MixviR v. 3.5.0 (released late 
2022)

Ø More flexibility in VCF input file format requirements coming in next version release, including option to analyze 
datasets based only on the identity of mutations (no depth or mutation frequency information)

Ø Updates and validation for pathogens with segmented genomes in progress
Ø Potential integration into Illumina Basespace for seamless workflow from sequencing to results.
Ø Input welcome for additional features/updates!!

Check out an online 
tutorial/demo for 
MixviR!
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