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Outline
● About Mumps

● Why align to the Pathogen Repo Guide

● Walk-through roadmap and key decisions points

○ Ingest workflow

○ Phylogenetic workflow

○ Nextclade workflow

● Next steps
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About Mumps

https://www.cdc.gov/mumps/downloads/mumps-clinical-diagnosis-fact-sheet-508.pdf 

MMR vaccine is highly effective
(measles-mumps-rubella)

https://www.cdc.gov/mumps/downloads/mumps-clinical-diagnosis-fact-sheet-508.pdf
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Mumps cases still occur in the USA

https://www.cdc.gov/mumps/outbreaks/index.html 

https://www.cdc.gov/mumps/outbreaks/index.html
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Mumps cases still occur in the USA
Moncla et al, 2021
(WA Marshallese community)

https://www.cdc.gov/mumps/outbreaks/index.html 
Figure 3: The mumps outbreak in Washington was seeded by 
approximately 13 introductions. 

https://elifesciences.org/articles/66448
https://www.cdc.gov/mumps/outbreaks/index.html


7 / 56May 14, 2025 Jennifer Chang

Existing Mumps Nextstrain site
global tree na (north-america) tree

Moncla et al, 2021
WA <-> AR 
dynamics

WA <-> Canada

WA <-> other state

BC CDC sequences

https://next.nextstrain.org/mumps/global@2024-01-01?c=MuV_genotype&d=tree&p=full
https://next.nextstrain.org/mumps/na@2024-01-01?d=tree&p=full
https://elifesciences.org/articles/66448
https://next.nextstrain.org/mumps/na?f_author=Gardy%20et%20al
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Update Mumps Nextstrain workflow

• Refactor code into subdirectories (workflows)

• Connect GitHub Action automation
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Pathogen-repo-guide
Why align to a pathogen repo guide?
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Nextstrain GitHub Practices

Consistency and Reproducibility

Nextstrain's focus on pathogen genomics requires a high degree of consistency in data analysis 
workflows. By implementing best practices, particularly in Snakemake workflows, we ensure:

● Reproducible analysis across different datasets and pathogens

● Uniform coding standards that facilitate easier code review and maintenance

● Consistent file structures and naming conventions

Continuous Improvement and Adaptability

The field of pathogen genomics is rapidly evolving, and Nextstrain's best practice aims to collaboratively adapt 
and maintain high quality by:

● Regular review and updates to best practices to incorporate new tools and methodologies

● Some flexibility to adapt workflows for different pathogens and analysis requirements
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Road Map

Overview of implementing the pathogen-repo-guide
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Road Map

Add some checkpoints to collect feedback
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Road Map

Pace yourself so you don't burn out



14 / 56May 14, 2025 Jennifer Chang

GitHub PRs - levels of effort for review

Photos by Leslie Saunders, Jens Lelie, and Joshua Earle on Unsplash

pathogen-repo-guide in another repo add a new standard

https://unsplash.com/@saundelr?utm_content=creditCopyText&utm_medium=referral&utm_source=unsplash
https://unsplash.com/@madebyjens?utm_content=creditCopyText&utm_medium=referral&utm_source=unsplash
https://unsplash.com/@joshuaearle?utm_content=creditCopyText&utm_medium=referral&utm_source=unsplash
https://unsplash.com/photos/a-group-of-people-walking-up-a-hill-zFWj_1C-bEQ?utm_content=creditCopyText&utm_medium=referral&utm_source=unsplash
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GitHub PRs - levels of effort for review

Photos by Leslie Saunders, Jens Lelie, and Joshua Earle on Unsplash

pathogen-repo-guide in another repo add a new standard

(e.g. ingest workflow) (e.g. copy an existing script) (e.g. add a new tool/feature)

https://unsplash.com/@saundelr?utm_content=creditCopyText&utm_medium=referral&utm_source=unsplash
https://unsplash.com/@madebyjens?utm_content=creditCopyText&utm_medium=referral&utm_source=unsplash
https://unsplash.com/@joshuaearle?utm_content=creditCopyText&utm_medium=referral&utm_source=unsplash
https://unsplash.com/photos/a-group-of-people-walking-up-a-hill-zFWj_1C-bEQ?utm_content=creditCopyText&utm_medium=referral&utm_source=unsplash
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Road Map
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maybe spike in BC CDC sequences

Road Map

Guide for ingesting public data from NCBI.

The workflow outputs a pair of curated 

metadata and sequences that can be used as 

input for the phylogenetic workflow.

1. select virus

2. glance at all NCBI fields pulled

3. run ingest and curation

4. push curated files to s3

https://docs.nextstrain.org/en/latest/tutorials/creating-a-pathogen-repo/creating-an-ingest-workflow.html 

maybe spike in BC CDC sequences
mumps NCBI Taxon ID: 2560602

https://docs.nextstrain.org/en/latest/tutorials/creating-a-pathogen-repo/creating-an-ingest-workflow.html
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Road Map

Guide for ingesting public data from NCBI.

The workflow outputs a pair of curated 

metadata and sequences that can be used as 

input for the phylogenetic workflow.

1. select virus

2. glance at all NCBI fields pulled

3. run ingest and curation

4. push curated files to s3

https://docs.nextstrain.org/en/latest/tutorials/creating-a-pathogen-repo/creating-an-ingest-workflow.html 

maybe spike in BC CDC sequences
mumps NCBI Taxon ID: 2560602
maybe spike in BC CDC sequences
mumps NCBI Taxon ID: 2560602
parse genotype from Virus Taxon

….

https://docs.nextstrain.org/en/latest/tutorials/creating-a-pathogen-repo/creating-an-ingest-workflow.html
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Road Map

● Open an Ingest PR

● Push metadata and 

sequences to s3

https://docs.nextstrain.org/en/latest/tutorials/creating-a-pathogen-repo/creating-an-ingest-workflow.html 

maybe spike in BC CDC sequences
mumps NCBI Taxon ID: 2560602
parse genotype from Virus Taxon

https://docs.nextstrain.org/en/latest/tutorials/creating-a-pathogen-repo/creating-an-ingest-workflow.html
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Road Map

● Open an Ingest PR

● Push metadata and 

sequences to s3

● Start phylogenetic workflow 

on a new branch

https://docs.nextstrain.org/en/latest/tutorials/creating-a-phylogenetic-workflow.html 

maybe spike in BC CDC sequences
mumps NCBI Taxon ID: 2560602
parse genotype from Virus Taxon

global tree
north-america tree

https://docs.nextstrain.org/en/latest/tutorials/creating-a-phylogenetic-workflow.html
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Road Map

● Open an Ingest PR

● Push metadata and 

sequences to s3

● Start phylogenetic workflow 

on a new branch

● Create diagnostic plots from 

the metadata.tsv

What diagnostic plots?

https://docs.nextstrain.org/en/latest/tutorials/creating-a-phylogenetic-workflow.html 

maybe spike in BC CDC sequences
mumps NCBI Taxon ID: 2560602
parse genotype from Virus Taxon

global tree
north-america tree

https://docs.nextstrain.org/en/latest/tutorials/creating-a-phylogenetic-workflow.html
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Explore the Mumps data - Diagnostic plots
pathogen <- "mumps"

# Download and decompress file
data_file=paste0(pathogen, "/metadata.tsv")
if (!file.exists(paste0(pathogen, "/metadata.tsv"))) {
  system(paste("mkdir -p ", pathogen, sep=""))
  file_name <- "metadata.tsv"
  zst_file <- paste0(file_name, ".zst")
  url <- paste0("https://data.nextstrain.org/files/workflows/", pathogen,
                "/metadata.tsv.zst" )
  system(paste0("curl -L ", url, " -o ", pathogen,"/", zst_file))
  system(paste0("zstd -d ", pathogen, "/", zst_file," -o ", pathogen, "/",
                file_name))
}

data <- readr::read_delim(paste0(pathogen, "/metadata.tsv"), delim="\t")

source("shared_functions.R")

diagnostic_length_plot(
  data = data,
  approx_length = 15384, # nt length of Mumps genome
  binwidth = 200,
  percentage_y = 9000    # y-coordinate for min-length labels
)

Pull metadata.tsv from s3 bucket

Generalize and import diagnostic plots

GitHub: j23414/generated-reports/reports/mumps.pdf 

https://data.nextstrain.org/files/workflows/
https://github.com/j23414/generated-reports/blob/main/reports/mumps.pdf
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Explore the Mumps data - tables
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Earliest and latest submitters
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Literature review - collect papers
● What is the earliest study identifying Mumps as a viral disease?

● When was the Mumps virus first sequenced, and which genome region was published?

● When was the first Mumps vaccine developed, and how effective was it?

● Have there been major updates to the vaccine? What prompted them?

● What genotype system has been used for Mumps virus strains?

● What are some of the key open questions in recent Mumps virus research?



27 / 56May 14, 2025 Jennifer Chang

Literature review - collect papers
● What is the earliest study identifying Mumps as a viral disease?

● When was the Mumps virus first sequenced, and which genome region was published?

● When was the first Mumps vaccine developed, and how effective was it?

● Have there been major updates to the vaccine? What prompted them?

● What genotype system has been used for Mumps virus strains?

● What are some of the key open questions in recent Mumps virus research?

● (Johnson and Goodpasture, 1933) - "An investigation of the etiology of Mumps"

● 1989 - gene segments (F, HN, SH, …) perhaps Takeuchi et al; full genome perhaps Mori

● (Hillman et al, 1967) - "Live Attenuated Mumps Virus Vaccine" Jeryl-Lynn Strain

● Yes, side effects or regional genotype (Urabe, Leningrad-3, Rubini, Miyahara)

● (Jin et al, 2005; Jin et al, 2015; WHO 2012) tables of SH, HN, and full genome 

references

● CDC Mumps website; Moncla et al, 2021; Lewnard & Grad, 2018

https://doi.org/10.1084/jem.59.1.1
https://www.nejm.org/doi/abs/10.1056/NEJM196702022760502
https://doi.org/10.1007/s00705-005-0563-4
https://doi.org/10.1002/rmv.1819
https://iris.who.int/bitstream/handle/10665/241922/WER8722_217-224.PDF
https://www.cdc.gov/mumps/outbreaks/index.html
https://doi.org/10.7554/eLife.66448
https://www.cdc.gov/mumps/outbreaks/index.html
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Immune waning > antigenic advance

Lewnard & Grad, 2018; Rubin et al, 2011 

https://www.cdc.gov/mumps/outbreaks/index.html
https://doi.org/10.1128/jvi.06125-11
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Road Map

● Create diagnostic plots from 

the metadata.tsv

○ pick a min-length

○ sampling

○ ID potential SMEs

https://docs.nextstrain.org/en/latest/tutorials/creating-a-phylogenetic-workflow.html 

maybe spike in BC CDC sequences
mumps NCBI Taxon ID: 2560602
parse genotype from Virus Taxon

global tree
north-america tree
add frequencies

global tree
north-america tree
add frequencies
maybe SH tree 

https://docs.nextstrain.org/en/latest/tutorials/creating-a-phylogenetic-workflow.html
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Road Map

● Open a Phylogenetic PR

● Push to staging

https://docs.nextstrain.org/en/latest/tutorials/creating-a-phylogenetic-workflow.html 

maybe spike in BC CDC sequences
mumps NCBI Taxon ID: 2560602
parse genotype from Virus Taxon

global tree
north-america tree
add frequencies
maybe SH tree 

https://docs.nextstrain.org/en/latest/tutorials/creating-a-phylogenetic-workflow.html


31 / 56May 14, 2025 Jennifer Chang

Road Map

● Open a Phylogenetic PR

● Push to staging

● Contact SME's

maybe spike in BC CDC sequences
mumps NCBI Taxon ID: 2560602
parse genotype from Virus Taxon

global tree
north-america tree
add frequencies
maybe SH tree 
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Road Map

● Open a Phylogenetic PR

● Push to staging

● Contact SME's

● Ingest is not merged yet, so 

can still adjust ingest

maybe spike in BC CDC sequences
mumps NCBI Taxon ID: 2560602
parse genotype from Virus Taxon

global tree
north-america tree
add frequencies
maybe SH tree 
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Road Map

● Open a Phylogenetic PR

● Push to staging

● Contact SME's

● Ingest is not merged yet, so 

can still adjust ingest

Color!
Parse division and genotype 

from strain name

maybe spike in BC CDC sequences
mumps NCBI Taxon ID: 2560602
parse genotype from Virus Taxon

maybe spike in BC CDC sequences
mumps NCBI Taxon ID: 2560602
parse genotype from Virus Taxon
parse division and genotype from strain
pull strain name -> parse genbank

global tree
north-america tree
add frequencies
maybe SH tree 
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Infer division from strain name
north-america tree (color by division)

https://next.nextstrain.org/staging/mumps/north-america-pre
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Infer division from strain name
north-america tree (color by division)

strain name missing 
from NCBI datasets

https://next.nextstrain.org/staging/mumps/north-america-pre
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Missing strain names

measles -> submitted a request for NCBI datasets to 
                    support "strain" (and "isolate") fields

https://github.com/nextstrain/measles/issues/14
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Different coders, different solutions

mumps - custom script ebola - new tool: bio

rubella 
    -> also tested out bio + custom script to get genotype
    -> tested parsing all fields from the GB or the XML files (SeqIO)

github issue 
discussion

Lassa -> also tested out bio to get strain names and L/S names

oropouche - custom script

https://github.com/nextstrain/mumps/blob/366f16ca2313d80133ee117f732f96996dfdc3d7/ingest/rules/fetch_from_ncbi.smk#L149-L165
https://github.com/nextstrain/ebola/blob/da02d17a4d64a45b305baad880616e7b61ed1d8b/ingest/rules/fetch_from_ncbi.smk#L150-L162
https://github.com/nextstrain/rubella/pull/20/files
https://bedfordlab.slack.com/archives/C01LCTT7JNN/p1746729788096059?thread_ts=1745366262.183639&cid=C01LCTT7JNN
https://github.com/nextstrain/pathogen-repo-guide/issues/84
https://github.com/nextstrain/pathogen-repo-guide/issues/84
https://github.com/nextstrain/lassa/pull/58
https://github.com/nextstrain/oropouche/blob/c8600cdd9b62c8a95bfacbc1f38ea02c2ca19067/ingest/rules/fetch_from_ncbi.smk#L151-L161
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Pathogen-repo-guide: annotations.tsv

● Gives the team enough time to 

discuss code implementations

● Speeds up getting the site updated for 

next round of SME review

● Can be easily replaced by the final 

code implementation
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north-americaglobal

https://next.nextstrain.org/mumps/north-america
https://next.nextstrain.org/mumps/global
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Road Map

● SME review again

● Push staging to live site

● It's time to start the 

Nextclade workflow

maybe spike in BC CDC sequences
mumps NCBI Taxon ID: 2560602
parse genotype from Virus Taxon
parse division and genotype from strain
pull strain name -> parse genbank

global tree
north-america tree
add frequencies
maybe SH tree 
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Literature review - collect papers
● What is the earliest study identifying Mumps as a viral disease?

● When was the Mumps virus first sequenced, and which genome region was published?

● When was the first Mumps vaccine developed, and how effective was it?

● Have there been major updates to the vaccine? What prompted them?

● What genotype system has been used for Mumps virus strains?

● What are some of the key open questions in recent Mumps virus research?

● (Johnson and Goodpasture, 1933) - "An investigation of the etiology of Mumps"

● 1989 - gene segments (F, HN, SH, …) perhaps Takeuchi et al; full genome perhaps Mori

● (Hillman et al, 1967) - "Live Attenuated Mumps Virus Vaccine" Jeyrl-Lynn Strain

● Yes, side effects or regional genotype (Urabe, Leningrad-3, Rubini, Miyahara)

● (Jin et al, 2005; Jin et al, 2015; WHO 2012) tables of SH, HN, and full genome 

references

● CDC Mumps website; Moncla et al, 2021; 

https://doi.org/10.1084/jem.59.1.1
https://www.nejm.org/doi/abs/10.1056/NEJM196702022760502
https://doi.org/10.1007/s00705-005-0563-4
https://doi.org/10.1002/rmv.1819
https://iris.who.int/bitstream/handle/10665/241922/WER8722_217-224.PDF
https://www.cdc.gov/mumps/outbreaks/index.html
https://doi.org/10.7554/eLife.66448
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Nextclade Dataset
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Pick a reference for SH region

*
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Align the scaffold sequences
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Draft Nextclade Dataset
Differences to the global tree

● Only SH region
● Mid point root
● Includes B and N genotype strains
● There are reference 

unknown/unclassified genotype 
strains

● Jeryl Lynn is a bit over represented
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Nextclade Alignment parameters
● Nextclade preset alignments (short sequences)

● Adjusting alignments so that a reference of 316 nt doesn't cause 

queries of 15,000 nt to fail (300/15000 nt =0.02) 

https://github.com/nextstrain/nextclade/blob/93ca2865ca7940a86a2355a5eb52d12a61f1d204/packages/nextclade/src/align/params.rs#L234-L245
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Draft Nextclade Dataset
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Draft Nextclade Dataset

G

D

J

H
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Road Map

● Open Nextclade PR

● Connect to Ingest

● More diagnostic plots

maybe spike in BC CDC sequences
mumps NCBI Taxon ID: 2560602
parse genotype from Virus Taxon
parse division and genotype from strain
pull strain name -> parse genbank

global tree
north-america tree
add frequencies
maybe SH tree 
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Road Map

● Open Nextclade PR

● Connect to Ingest

● More diagnostic plots

maybe spike in BC CDC sequences
mumps NCBI Taxon ID: 2560602
parse genotype from Virus Taxon
parse division and genotype from strain
pull strain name -> parse genbank

global tree
north-america tree
add frequencies
maybe SH tree 
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Road Map

maybe spike in BC CDC sequences
mumps NCBI Taxon ID: 2560602
parse genotype from Virus Taxon
parse division and genotype from strain
pull strain name -> parse genbank

global tree
north-america tree
add frequencies
maybe SH tree 

Jin and WHO scaffold strains
Jeryl Lynn SH region reference
adjust nextclade parameters
maybe PR to Nextclade data
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Road Map

maybe spike in BC CDC sequences
mumps NCBI Taxon ID: 2560602
parse genotype from Virus Taxon
parse division and genotype from strain
pull strain name -> parse genbank

global tree
north-america tree
add frequencies
maybe SH tree 

Jin and WHO scaffold strains
Jeryl Lynn SH region reference
adjust nextclade parameters
maybe PR to Nextclade data
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SH Tree - merge identical samples

https://next.nextstrain.org/staging/mumps/sh?c=MuV_genotype&m=div
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SH Tree - more recent data

SH

global

* deduplicated, so may not be accurate frequency
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Road Map

maybe spike in BC CDC sequences
mumps NCBI Taxon ID: 2560602
parse genotype from Virus Taxon
parse division and genotype from strain
pull strain name -> parse genbank

global tree
north-america tree
add frequencies
maybe SH tree

Jin and WHO scaffold strains
Jeryl Lynn SH region reference
adjust nextclade parameters
maybe PR to Nextclade data
maybe HN and full genome datasets
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Road Map

maybe spike in BC CDC sequences
mumps NCBI Taxon ID: 2560602
parse genotype from Virus Taxon
parse division and genotype from strain
pull strain name -> parse genbank

global tree
north-america tree
add frequencies
maybe SH tree 

Jin and WHO scaffold strains
Jeryl Lynn SH region reference
adjust nextclade parameters
maybe PR to Nextclade data

 

Remaining tasks

optional tasks

write mumps blog post

HN or full genome Nextclade dataset 


