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JAMS – a comprehensive framework for advanced 
microbiome analysis

• A self-contained publicly available software package 
https://github.com/johnmcculloch/JAMS_BW

     Biorxiv: https://doi.org/10.1101/2023.03.03.531026 
• Deals with every step in microbiome analysis (fastqs to stats and 

plotting)
• Current version is 1.9.8 (March 2024) – Check for updates, as they are 

frequent at this stage! 
• Can handle shotgun metagenomic data, but also isolate sequencing, 

metatranscriptomics and even 16S data
• Requires minimal user input

raw fastqs

https://github.com/johnmcculloch/JAMS_BW
https://doi.org/10.1101/2023.03.03.531026




Metagenomics: The two phases of analysis
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A unique characteristic of the JAMS philosophy is the dissociation 
between the two main phases of microbiome sample analysis

JAMSalpha

JAMSbeta



Microbial analysis made easy
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Within sample analysis

JAMSalpha

Sequencing data

Sample1.jams
Sample1.pdf
Sample1.tar.gz

JAMSalpha -f Sample1_R1.fastq.gz -r Sample1_R2.fastq.gz 
-d ./JAMSdb/JAMSdb202212 -A metagenome -H human -p Sample1

Reads or SRA accession number 
or contigs or GenBank assembly 
accession number

Input sequences: 

JAMS-formatted database 
(available to download)

Path to database: 

Human, mouse, none or 
something else (taxid or name)

Information 
about host: 

Prefix and what to do – 
metagenome, 
metatranscriptome or isolate?

Information 
about sample: 



Microbial analysis made easy
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JAMSbeta

*.jams metadata

Ordination plots
Heatmaps
Statistics

JAMSbeta -y /path/to/jamsfiles -x metadata.xlsx –p MyProjectName

MyProjectName.RData



JAMSalpha pipeline flowchart
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Possible, but 
deprecated

Megahit /
SPAdes

Bowtie2

Prodigal Prokka /
InterproScan

Kraken2
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Contig assembly
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Contigs are larger contiguous sequences assembled from read redundancy
JAMS considers anything larger then 500 bp

Information from contigs: taxonomy + predicted proteome
Ultimately: Last Known Taxon = lowest ranking classification of sequence



Alignment independent taxonomic classification
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Taxonomic Contig 
Classification Wood and Salzberg. Genome Biology 2014, 15:R46

Taxonomic identification of 
contigs using Kraken

• Counts k-mers in query 
sequences and matches 
to exact k-mers in 
database;

• Is ultrafast and accurate;
• Custom k-mer
databases can be built;

• Result is hierarchical;



Alignment independent taxonomic classification
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Taxonomic Contig 
Classification

Wood, D.E., Lu, J. & Langmead, B. Improved metagenomic 
analysis with Kraken 2. Genome Biol 20, 257 (2019). 

https://doi.org/10.1186/s13059-019-1891-0

The JAMS kraken2 database is built through a dedicated 
script which will download, curate and build a kraken2 
database with non-flagged complete genomes of all:

• Bacteria
• Archaea
• Protozoa
• Viruses
• Fungi
• Homo sapiens (1 genome: GRCh38)
• Mus musculus (1 genome: GRCm38) Latest build from 

December 2022



NCBI Taxonomy IDs – Taxid
Curated taxonomy compiled using the JAMSbuildk2db script
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Data Descriptor: Next generation
sequencing data of a defined
microbial mock community
Esther Singer1, Bill Andreopoulos1, Robert M. Bowers1, Janey Lee1, Shweta Deshpande1,
Jennifer Chiniquy1, Doina Ciobanu1, Hans-Peter Klenk2, Matthew Zane1, Christopher Daum1,
Alicia Clum1, Jan-Fang Cheng1, Alex Copeland1 & Tanja Woyke1

Generating sequence data of a defined community composed of organisms with complete reference
genomes is indispensable for the benchmarking of new genome sequence analysis methods, including
assembly and binning tools. Moreover the validation of new sequencing library protocols and platforms to
assess critical components such as sequencing errors and biases relies on such datasets. We here report the
next generation metagenomic sequence data of a defined mock community (Mock Bacteria ARchaea
Community; MBARC-26), composed of 23 bacterial and 3 archaeal strains with finished genomes. These
strains span 10 phyla and 14 classes, a range of GC contents, genome sizes, repeat content and encompass
a diverse abundance profile. Short read Illumina and long-read PacBio SMRT sequences of this mock
community are described. These data represent a valuable resource for the scientific community, enabling
extensive benchmarking and comparative evaluation of bioinformatics tools without the need to simulate
data. As such, these data can aid in improving our current sequence data analysis toolkit and spur interest
in the development of new tools.

Design Type protocol optimization design

Measurement Type(s) metagenomics analysis

Technology Type(s) DNA sequencing

Factor Type(s) Technology Platform

Sample Characteristic(s)

Clostridium perfringens • Clostridium thermocellum • Coraliomargarita
akajimensis • Corynebacterium glutamicum • Desulfosporosinus acidiphilus
• Desulfosporosinus meridiei • Desulfotomaculum gibsoniae • Echinicola
vietnamensis • Escherichia coli • Fervidobacterium pennivorans • Frateuria
aurantia • Halovivax ruber • Hirschia baltica • Meiothermus silvanus •
Natronobacterium gregoryi • Natronococcus occultus • Nocardiopsis
dassonvillei • Olsenella uli • Pseudomonas stutzeri • Salmonella bongori •
Salmonella enterica • Segniliparus rotundus • Spirochaeta smaragdinae •
Streptococcus pyogenes • Terriglobus roseus • Thermobacillus composti
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Data Descriptor: Next generation
sequencing data of a defined
microbial mock community
Esther Singer1, Bill Andreopoulos1, Robert M. Bowers1, Janey Lee1, Shweta Deshpande1,
Jennifer Chiniquy1, Doina Ciobanu1, Hans-Peter Klenk2, Matthew Zane1, Christopher Daum1,
Alicia Clum1, Jan-Fang Cheng1, Alex Copeland1 & Tanja Woyke1

Generating sequence data of a defined community composed of organisms with complete reference
genomes is indispensable for the benchmarking of new genome sequence analysis methods, including
assembly and binning tools. Moreover the validation of new sequencing library protocols and platforms to
assess critical components such as sequencing errors and biases relies on such datasets. We here report the
next generation metagenomic sequence data of a defined mock community (Mock Bacteria ARchaea
Community; MBARC-26), composed of 23 bacterial and 3 archaeal strains with finished genomes. These
strains span 10 phyla and 14 classes, a range of GC contents, genome sizes, repeat content and encompass
a diverse abundance profile. Short read Illumina and long-read PacBio SMRT sequences of this mock
community are described. These data represent a valuable resource for the scientific community, enabling
extensive benchmarking and comparative evaluation of bioinformatics tools without the need to simulate
data. As such, these data can aid in improving our current sequence data analysis toolkit and spur interest
in the development of new tools.

Design Type protocol optimization design

Measurement Type(s) metagenomics analysis

Technology Type(s) DNA sequencing

Factor Type(s) Technology Platform
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MBARC-26 consists of 23 bacterial and 3 archaeal strains 
spanning 10 phyla and 14 classes, a range of GC contents, 

genome sizes, and repeat content
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Top 50 most variant features across samples

Number of samples in heatmap = 13 | Number of features assessed = 97
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Top 28 most variant features across samples
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Number of samples in heatmap = 13 | Number of features assessed = 28
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Species level comparison 
between observed and 
expected for Tourlousse

Species level comparison between 
observed and Expected for Amos 
HiLo

Translational Biobehavioral 
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Michael Valencia



Functional analysis

19

Taxonomy independent analyses

ECNumber: hierarchical classification of enzymes
Pfam: Protein Families
Phobius: Protein localization within cell
PRINTS: Functional domain fingerprints
GO: Gene Ontology terms
MetaCyc: Metabolic Pathways

Curated BLASTp databases:
Resfinder: Antibiotic resistance genes
VFDB: Virulence Finder database



Microbial analysis made easy

20

JAMSbeta

*.jams metadata

Ordination plots
Heatmaps
Statistics

JAMSbeta -y /path/to/jamsfiles -x metadata.xlsx –p MyProjectName

MyProjectName.RData



Beta diversity analysis made easy

21

The JAMSbeta script will 
create an R session 

containing 
SummarizedExperiment 

objects for all JAMS 
analysis spaces for those 

samples.



The SummarizedExperiment object

From:

Martin, Pascal. (2015). An 
introduction to R/Bioconductor 
for the analysis of high-
throughput sequencing data. 



Beta diversity analysis made easy
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There is a dedicated 
function (in beta-testing) 

for importing 
Metaphlan4 results into 
a JAMS-compatible .jams 

files for using with 
JAMSbeta



Beta diversity analysis made easy

24

These SummarizedExperiment objects can be used as input for any of the JAMS plotting functions.

plot_relabund_heatmap(ExpObj, [filtering], [subsetting], [options])

plot_Ordination(SEobj, [filtering], [subsetting], [options])

plot_alpha_diversity(ExpObj, [filtering], [subsetting], [options])

plot_relabund_features(ExpObj, [filtering], [subsetting], [options])



Day0 Day5 Day15 Day56

vancomycin

vancomycin
+ neomycin

MR50 – a simple mouse microbiome perturbation dataset



JAMSbeta tutorial on the JAMS wiki page:
https://github.com/johnmcculloch/JAMS_BW/wiki/Tutorial_JAMSbeta
The MR50 dataset is included within the JAMS package (ver 1.9.8) as example data

https://github.com/johnmcculloch/JAMS_BW/wiki/Tutorial_JAMSbeta


plot_Ordination(ExpObj = expvec_MR50[["LKT"]], 
subsetby = NULL, applyfilters = "moderate",
algorithm = "tUMAP", distmethod = "bray", compareby 
= "Treatment", connectby = NULL, connection_orderby 
= NULL,
colourby = "Treatment", shapeby = "Timepoint", 
use_letters_as_shapes = FALSE,
textby = "Timepoint_days", ellipseby = NULL, dotsize = 
2.5, permanova = TRUE,
plotcentroids = FALSE, grid = FALSE, forceaspectratio = 1)
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Relative Abundance Heatmap | LKT | within 56
pval < 0.05 different between Treatment using MannWhitneyWilcoxon

Feature must be >250PPM in at least 15% of samples
Taxonomy information must come from >70% contigs in at least 50% of samples

Taxon genome completeness must be >10% in at least 5% of samples
Number of samples in heatmap = 9 | Number of features assessed = 138

log2foldchange > 1 | log2foldchange > Inf
Positive l2fc means increased in vancomycin
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Relative Abundance Heatmap | LKT | within 56
pval < 0.05 different between Treatment using MannWhitneyWilcoxon

Feature must be >250PPM in at least 15% of samples
Taxonomy information must come from >70% contigs in at least 50% of samples

Taxon genome completeness must be >10% in at least 5% of samples
Number of samples in heatmap = 9 | Number of features assessed = 138

log2foldchange > 1 | log2foldchange > Inf
Positive l2fc means increased in vancomycin

LKT  s  Pumilibacter Unclassified CLA AA M10
LKT  g  Clostridium

LKT  s  Anaerocaecibacter Unclassified CLA AA M11
LKT  s  Mucispirillum schaedleri

LKT  s  Bacteroides thetaiotaomicron
LKT  s  Blautia obeum

LKT  s  Acetatifactor Unclassified DSM 110981
LKT  s  Eubacterium Unclassified 14 2
LKT  s  Prevotella Unclassified MGM1
LKT  s  Prevotella Unclassified PTAC

LKT  s  Oscillibacter valericigenes
LKT  s  Anaerotruncus Unclassified X29

LKT  s  Pseudoflavonifractor Unclassified MSJ 30
LKT  s  Pseudoflavonifractor phocaeensis
LKT  s  Oscillibacter Unclassified CU971
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LKT  s  Intestinimonas butyriciproducens
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Relative Abundance Heatmap | Product | within 56
pval < 0.05 different between Treatment using MannWhitneyWilcoxon

Feature must be >5PPM in at least 5% of samples
Number of samples in heatmap = 9 | Number of features assessed = 5155

log2foldchange > 1 | log2foldchange > Inf
Positive l2fc means increased in vancomycin

Heatmap 1/10

IS110 family transposase ISEnfa110−none
IS66 family transposase ISSwo2−none

Melibiose/raffinose/stachyose−binding protein MelE−melE
Plipastatin synthase subunit E−ppsE

Uptake hydrogenase small subunit−hoxK
2−methylcitrate dehydratase−prpD

3−oxosteroid 1−dehydrogenase−kstD
HTH−type transcriptional regulator DsdC−dsdC

Plipastatin synthase subunit B−ppsB
Outer membrane protein SusE−susE

ISNCY family transposase IS1202−none
Formate dehydrogenase H−fdhF

Long−chain acyl−CoA thioesterase FadM−fadM
D−Ala−D/L−Ala epimerase−tfdD

Hemin receptor−hemR
HTH−type transcriptional regulator MtrR−mtrR

IS66 family transposase ISGka4−none
ISAzo13 family transposase ISDpr7−none

Hydrogen cyanide synthase subunit HcnC−hcnC
IS200/IS605 family transposase ISSep3−none

Transcription attenuation protein MtrB−mtrB
Menaquinol−cytochrome c reductase cytochrome b subunit−qcrB

Cyclic beta−(1%2C2)−glucan synthase NdvB−ndvB
Succinate dehydrogenase iron−sulfur subunit−sdhB

Transcriptional regulator MtlR−mtlR
IS30 family transposase ISSde3−none

Ascorbate−specific PTS system EIIC component−ulaA
Alpha−xylosidase BoGH31A−none

Extracellular xylan exo−alpha−(1−>2)−glucuronosidase−none
Levanase−sacC

NAD(P)H−quinone oxidoreductase subunit 2−ndhB
Arabinoxylan arabinofuranohydrolase−xynD

Choline trimethylamine−lyase−cutC
CRISPR−associated nuclease/helicase Cas3−cas3

D−erythrulose kinase−derK
(R)−phenyllactyl−CoA dehydratase alpha subunit−fldB

Ca(2+)/H(+) antiporter−none
Putative pyruvyl transferase EpsI−epsI

Succinate−semialdehyde dehydrogenase [NADP(+)]−gabD
Dimethylsulfide dehydrogenase subunit alpha−ddhA

N−acyl homoserine lactonase AiiB−aiiB
Inward rectifier potassium channel Kirbac3.1−none

A−type flagellin−fliC
NADP−dependent glyceraldehyde−3−phosphate dehydrogenase−gapN

Serine protease HtrA−like protein−none
Ribonucleoside−diphosphate reductase 1 subunit alpha−nrdA

L−alanine/L−glutamate racemase−aar
Effector protein hopD2−hopD2
Foldase protein PrsA 3−prsA3

Lipoteichoic acid synthase−ltaS
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Relative Abundance Heatmap | Pfam | within 56
pval < 0.05 different between Treatment using MannWhitneyWilcoxon

Feature must be >5PPM in at least 5% of samples
Number of samples in heatmap = 9 | Number of features assessed = 4978

log2foldchange > 1 | log2foldchange > Inf
Positive l2fc means increased in vancomycin

Heatmap 1/8

PF07675−Cleaved Adhesin Domain
PF03648−Glycosyl hydrolase family 67 N−terminus

PF07488−Glycosyl hydrolase family 67 middle domain
PF07477−Glycosyl hydrolase family 67 C−terminus

PF16375−Domain of unknown function
PF20465−MmeI, helicase spacer domain

PF04293−SpoVR like protein
PF04285−Protein of unknown function (DUF444)

PF01442−Apolipoprotein A1/A4/E domain
PF08307−Glycosyl hydrolase family 98 C−terminal domain

PF08306−Glycosyl hydrolase family 98
PF13449−Esterase−like activity of phytase

PF17139−Domain of unknown function (DUF5112)
PF01345−Domain of unknown function DUF11

PF08460−Bacterial SH3 domain
PF17132−alpha−L−rhamnosidase

PF16361−N−terminal of Subtilase family
PF05345−Putative Ig domain

PF17291−N−terminal domain of M60−like peptidases
PF10091−Putative glucoamylase

PF09670−CRISPR−associated protein (Cas_Cas02710)
PF09997−Predicted membrane protein (DUF2238)

PF09923−Uncharacterized protein conserved in bacteria (DUF2155)
PF18825−Large polyvalent protein−associated domain 13

PF07554−FIVAR domain
PF13442−Cytochrome C oxidase, cbb3−type, subunit III
PF02594−Uncharacterised ACR, YggU family COG1872

PF07703−Alpha−2−macroglobulin bait region domain
PF16738−Starch−binding module 26

PF13910−Domain of unknown function (DUF4209)
PF09835−Uncharacterized protein conserved in bacteria (DUF2062)

PF10665−Minor capsid protein
PF10571−Uncharacterised protein family UPF0547

PF11795−Uncharacterized protein conserved in bacteria N−term (DUF3322)
PF11564−Restriction endonuclease BpuJI − N terminal

PF16306−Domain of unknown function (DUF4948)
PF16286−Domain of unknown function (DUF4932)

PF16962−Putative ABC exporter
PF13371−Tetratricopeptide repeat

PF07120−Protein of unknown function (DUF1376)
PF12894−Anaphase−promoting complex subunit 4 WD40 domain

PF13606−Ankyrin repeat
PF08909−Domain of unknown function (DUF1854)

PF12796−Ankyrin repeats (3 copies)
PF10881−Protein of unknown function (DUF2726)

PF01095−Pectinesterase
PF17972−Bacterial Alpha−2−macroglobulin MG5 domain

PF04367−Protein of unknown function (DUF502)
PF00263−Bacterial type II and III secretion system protein

PF00404−Dockerin type I domain
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Relative Abundance Plot | Pfam
PF01654 Cytochrome bd terminal oxidase subunit I
MannWhitneyWilcoxon | pval=0.1508 | padj_fdr=0.1988 | stat=5 | Number of features assessed = 6614
Log2FC=−0.581 | Positive l2fc means increased in none
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Relative Abundance Heatmap | Product
Top 100 most variant features across samples

Number of samples in heatmap = 72 | Number of features assessed = 1854

putative lipoprotein−none
IS1182 family transposase ISSau3−none

IS256 family transposase IS256−none
ISL3 family transposase IS1181−none

Tyrosine recombinase XerC−xerC
Type VII secretion system protein EsaG−essG

IS3 family transposase ISSau2−none
16S ribosomal RNA−none
23S ribosomal RNA−none

IS200/IS605 family transposase ISSep3−none
5S ribosomal RNA (partial)−none

IS30 family transposase ISSau1−none
Streptomycin 3−adenylyltransferase−ant1

rRNA adenine N−6−methyltransferase−ermA1
2−methoxy−6−polyprenyl−1%2C4−benzoquinol methylase%2C mitochondrial−COQ5

IS30 family transposase ISSau5−none
ISL3 family transposase ISSau8−none

Enterotoxin type A−entA
IS3 family transposase ISSau4−none
IS21 family transposase IS232−none

tRNA−Ile(gat)−none
Serine protease SplE−splE

Thiosulfate sulfurtransferase GlpE−glpE
tRNA−Ala(tgc)−none

IS21 family transposase IS712−none
Replication initiation protein−repN

IS6 family transposase IS431R−none
Extracellular matrix−binding protein ebh−ebh

Vitamin B12 import ATP−binding protein BtuD−btuD
Single−stranded DNA−binding protein A−ssbA

23S ribosomal RNA (partial)−none
LexA repressor−lexA

65 kDa membrane protein−none
DNA−invertase hin−hin

tRNA−Met(cat)−none
IS6 family transposase IS431mec−none

Deoxyuridine 5−triphosphate nucleotidohydrolase−dut
Hydroxyacylglutathione hydrolase−gloB

Protein map−map
Type I restriction enzyme EcoKI M protein−hsdM

tRNA−Gly(tcc)−none
16S ribosomal RNA (partial)−none

5−amino−6−(5−phospho−D−ribitylamino)uracil phosphatase YwtE−ywtE
IS3 family transposase ISEfa8−none

Phosphatase YwpJ−ywpJ
Cadmium resistance transcriptional regulatory protein CadC−cadC

putative protein YcjY−ycjY
Tyrosine recombinase XerD−xerD

IS3 family transposase IS655−none
Staphylococcal superantigen−like 7−ssl7

tRNA−Asp(gtc)−none
putative autolysin PH−none

putative type I restriction enzymeP M protein−none
tRNA−Val(tac)−none

IS1182 family transposase IS1182−none
tRNA−Thr(tgt)−none

tRNA−Ser(tga)−none
Enterotoxin type D−entD

Fatty acid resistance protein FarB−farB
Putative surface protein−none

Surface protein G−sasG
Serine protease SplF−splF

Bacitracin transport ATP−binding protein BcrA−bcrA
Penicillinase repressor−blaI

Beta−lactamase−blaZ
Serine protease SplD−splD

Leucotoxin LukEv−lukEv
Leucotoxin LukDv−lukDv

Fibronectin−binding protein B−fnbB
beta−lactam sensor/signal transducer BlaR1−blaR1−2

Enterobactin exporter EntS−entS
Staphylococcal superantigen−like 4−ssl4

ATP−dependent Clp protease proteolytic subunit−clpP
Serine protease SplB−splB

IS3 family transposase ISClsp1−none
Serine−aspartate repeat−containing protein C−sdrC

Putative transposon Tn552 DNA−invertase bin3−bin3
IS30 family transposase IS1252−none

Arsenate reductase−arsC
Poly(ribitol−phosphate) alpha−N−acetylglucosaminyltransferase−tarM

Lantibiotic gallidermin−gdmA
Putative multidrug export ATP−binding/permease protein−none

IS6 family transposase ISSau6−none
Enterotoxin type C−1−entC1

IS1182 family transposase ISSep1−none
ISNCY family transposase ISBli29−none
IS110 family transposase ISSep2−none

Potassium−transporting ATPase KdpC subunit−kdpC
Chemotaxis inhibitory protein−chp

Collagen adhesin−cna
Chromosome partition protein Smc−smc

Type VII secretion systems protein EssD−essD
3−5 exonuclease DinG−dinG

Enterotoxin type G−entG
tRNA−Asn(gtt)−none

Serine−rich adhesin for platelets−sraP
putative autolysin LytO−lytO

HTH−type transcriptional regulator GltR−gltR
Plasmid recombination enzyme−pre

Clumping factor A−clfA
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Counts matrix used for ordination represents the number of genes

Taxonomy information must come from >70% contigs in at least 50% of samples
Matrix log2 transformed
Highlighting g__Akkermansia only; Distmethod: jaccard; Counts matrix: GeneCounts
PERMANOVA p <1e−04; F−Model = 284.4547
Dissimilarity index = jaccard
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Counts matrix used for ordination represents the number of genes

Taxonomy information must come from >70% contigs in at least 50% of samples
Matrix log2 transformed
Highlighting g__Phascolarctobacterium only; Distmethod: jaccard; Counts matrix: GeneCounts
PERMANOVA p <1e−04; F−Model = 20.9881
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Other JAMS features:

• Importation of Metaphlann4 data from a count table

• JAMS16 is a dada2-based 16S version of JAMS
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