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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,

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.
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1 1 1 1 1 H H : : : . : : 2 Samplel Pond_1 4/18/21 B.1.1.7 15 0.933333333 0.760033188 2403.857143 N_D3L;ORF1a_T10011;S_A570D;S_D1118H;( ORFla_12230T NA NA NA NA
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 3 [sample2 pond 1 5/2/21[6.117 e 0533533333 0.329557720] 2683.973684| ORF1a. T10011;5, AS7OD,ORFS Y 3GORFE |N DAL, DL118H,0RF1a AT708D]NA NA NA NA
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. 4 |Sample2 _ Pond_1 5/2/21 P.1 16 0.625 0.608661805| 2683.973684|ORF1a K1795Q;N PSOR,ORF3a_S253P;5_HORF1b F1264D;5_P265;5_T20N;SINA NA NA NA
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This presentation provides an overview of the process of analyzing data with MixviR, and includes highlights of recent updates to the program. 6 / / / \ \ \ '\
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Samples can be collected from any Nucleic acids are prepared for Sequence data are generated on Sequence reads are aligned to a reference Aligned reads are analyzed to create a VCF file that : My e - o My e - g
environmental source from which NGS. This process can include high throughput sequencers using genome. This can be done with a variety of stores information on variants (mutations) relative Scaled ” 0.25-
nucleic acids can be extracted and reverse transcription, enrichment either ”short-read” (i.e. Illumina) or aligners, including those offered as apps within to the reference genome. Like the alignment step,
purified, including wastewater? or of target pathogens, sequencing ”long-read” (i.e. Oxford Nanopore, [llumina’s Basespace environment. The aligned VCF generation can be performed with Illumina
indoor dust®. adapter ligation, etc. PacBio) technologies. reads are typically output in SAM/BAM format. Basespace apps. 0.001 . . . Graphical summaries of lineages identified in the sample (top, points above horizontal dashed red line), and estimated relative
0 & o frequencies of the identified lineages (bottom). Each point on the plot is interactive, with details visible when a point or bar is
N N S . .
S S & hovered over (example black box in top right).
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Flle | A R23S 0.27 998 Show| 10 _jentries Search: SAMP_NAME DATE LOCATION CHR POS  GENE MUTATION AF SEQDEPTH  ASSOCIATED LINEAGES
(ch) A del7/9 1.00 1567 SAMP_NAME LOCATION DATE CHR POS  GENE MUTATION FREQ  ASSOCIATED LINEAGE(S) SEQ DEPTH 1 Sampled e l0ee e Pond_1 s e o ’ e
A Lliov 0.18 1444
B A214N 0.74 1028 1 Samplet Pond_1 2021-04-18 NC-045512.2 241 NC-045512.2 241C->T 1 NA 692 2 Sample3 2021-08-15 Pond_1 NC-045512.2 102 non-genic  102G->A 0.01624194903388407 3571 NA
B P321A 0.35 1100 & 2 Samplet Pond_1 2021-04-18 NC-045512.2 774 ORF1a Ti70l 0.081 NA 3686 3 Sample3 2021-08-15 Pond_1 NC-045512.2 144 non-genic 144T->C 0.1054560260586319 2456 NA
C P418A 0 . 80 1402 &) Sample1 Pond_1 2021-04-18 NC-045512.2 913 NC-045512.2 913C->T 1 NA 3122 4 Samp|e3 2021-08-15 Pond_1 NC-045512.2 210 non-genic 210G->T 1 3388 NA
M o o R MixviR: C V4971 0.81 1236 MixviR: 4 Sample1 Pond_1 2021-04-18 NC-045512.2 1010  ORFla Y249H 0.041  NA 3286 5  Sample3 2021-08-15 Pond_1 NC-045512.2 23086 S 23086C->T 0.6495828367103695 3356 NA
call mutations C F400L 0.31 . 5  Samplef Pond._1 2021-04-18 NC-045512.2 1861 NC-045512.2 1861T->C 03 NA 3318 -08- . .
' X VI Reference - () 1051 exp|ore_m utatlons() ample on > 6  Sample3 2021-08-15 Pond_1 NC-045512.2 25339 S 25339C->T 0.08318042813455657 3270 NA
Genome —} < S 0.25 450 6 Sample1 Pond_1 2021-04-18 NC-045512.2 2060 ORFla AS99T 0.025 NA 3562 7 Sample3 2021-08-15 Pond_1 NC-045512.2 27005 M 27005C->T 0.4400961208376244 2913 NA
I n p uts (fasta) D V409M 0.98 2010 LC>; - ! . 7 Samplef Pond_1 2021-04-18 NC-045512.2 2110 NC-045512.2 2110C->T 0617 NA 3205 8  Sample3 2021-08-15 Pond_1 NC-045512.2 27947 ORF6 27947C->T 0.04921316165951359 3495 NA
Ineage
g 8 8  Samplef Pond_1 2021-04-18 NC-045512.2 3037 NC-045512.2 3037C->T 0998 NA 1024 9  Sample3 2021-08-15 Pond_1 NC-045512.2 27294 ORF6 27294C->T 0.07434834123222749 3376 NA
o .
Gene Mutation Lineage E - Lineage 2 9 Samplet Pond_1 2021-04-18 NC-045512.2 3267 ORFla T1001I 0547 B1.1.7 3256 10 Sample3 2021-08-15  Pond_1 NC-045512.2 27297 ORF6 27297C->T 0.07585621285026889 3533 NA
¢ - ’ A H103Q 1 E———— 10 Samplet Pond_1 2021-04-18 NC-045512.2 3369 ORF1a T1085 0252 NA 3265 Showing 1 to 10 of 75 entries Previous =1 2 3 4 5 .. 8 Next
A del7/9 1
B A214N 1 Showing 1 to 10 of 80 entries Previous =1 2 3 4 5 .. 8 Next
The first step in a MixviR analysis is to C R222G 1 The explore_mutations() function of
use the call_mutations() function to C P418A 1 MixviR evaluates which lineages are
Features translate the nucleic acid-level C V4971 1 represented in the sample, and
File variants in the VCF file(s) to amino A R23S 2 estimates their relative frequencies , ,
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» Option to explicitly analyze sublineages in addition to main lineages available as of MixviR v. 3.5.0 (released late

outputs are available to facilitate data

MixviR analyses rqulre 3inputs. Reference An optional lineage/mutations file provides the analysis/exploration. See examples 2022)
genomes and associated features files are under “Example Outputs” section on

provided for common pathogens, including right.
SARS-CoV-2, leaving one VCF file per sample
as the only user-required input in those cases.

identities of mutations associated with
specific target lineages, and is used to
evaluate which of those lineages are likely to
be presentin the sample.

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)

Updates and validation for pathogens with segmented genomes in progress

Potential integration into Illumina Basespace for seamless workflow from sequencing to results.

Input welcome for additional features/updates!!
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Genomic and Bioinformatics Jargon

Variant: A position that differs when comparing two or more alighed DNA sequences. Variants represent the outcome of NGS: Also referred to as high-throughput sequencing, second-generation sequencing, massively parallel sequencing, or
mutation, but the term is also often used synonymously with “mutation”. Note relationship to “Lineage” below. “Illumina” sequencing (Illumina makes the instruments the majority of NGS studies are currently performed on). NGS Refe Fences COnta Ct |nf0
SNP: Single nucleotide polymorphism; a common type of variant in which two individual nucleotides differ from each other  technologies have revolutionized the natural sciences, allowing generation of genome-scale datasets that consist of up to

fi'e' Al‘_VSShT)' for i on/deletion: fvariant in which leotides h . leted f billions of individual sequence reads in just days. o _ . . . 'Sovic, Michael G., Francesca Savona, Zuzana Bohrerova, and Seth A. Faith. "MixviR: an R package for exploring variation associated with genomic sequence Mike Sovic
Or:]deeD.NAzret 8;|nncsee:’;l;:i\?eetzt;r;,tigpe of variant in which one or more nucleotides have been inserted or deleted from IITlase‘space. A us.er—fr.|erldly, onltlne (cloud-based) platform for bioinformatic analysis and data storage associated with data from environmental SARS-CoV-2 and other mixed microbial samples." Applied and Environmental Microbiology 88, no. 22 (2022): e00874-22. |
Li . d N ' . . - o : umina sequencing ins tumen S . . . e 2Bohrerova, Zuzana, Nichole E. Brinkman, Ritu Chakravarti, Saurabh Chattopadhyay, Seth A. Faith, Jay Garland, James Herrin et al. "Ohio Coronavirus Freedom Genomics

ineage: A group of individuals connected through a continuous line of descent. Individuals within a lineage share a unique  VCF: Variant Call Format; a specified format for text files that store genetic variants identified in samples. o . . ) L. ) ) i )
set of genetic variants as a result of their common ancestry, and typically represent a large number of generations. Note that BED: A specified format for text files that store information on relative positions of genes, or other features of interest, within Wastewater Monitoring Network: implementation of statewide monitoring for protecting public health.” Journal of Public Health Management and Practice 29, www.freegenllc.com =
in practice, the term “variant” is also sometimes used synonymously with this definition of “lineage”. a reference genome. The features are specified by a combination of a sequence/chromosome name and the beginning and no. 6 (2023): 845-853. labservices@freegenllc.com =
Genomics: Study of the complete, or nearly complete, set of an individual’s hereditary information. Genomics differs from ending coordinates/positions within the reference sequence. 3Van Dusen, John, Haley LeBlanc, Nicholas Nastasi, Jenny Panescu, Austin Shamblin, Jacob W. Smith, Michael G. Sovic et al. "Identification of SARS-CoV-2 614-282-8600 - E
genetics largely with regards to the scale of the data generated, and has been facilitated by evolving NGS technologies. SAM: Specified file format for text files storing sequence data after alignment to a reference. Compressed version is BAM. variants in indoor dust." Plos one 19, no. 2 (2024): e0297172.
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