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JAMS — a comprehensive framework for advanced
. _ . f
microbiome analysis raw fastgs

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 (fastqgs 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
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Post-infectious myalgic encephalomyelitis/chronic fatigue syndrome (PI-ME/
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able. We used rigorous criteria to recruit PI-ME/CFS participants with matched
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Metagenomics: The two phases of analysis

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

DB D D
AoBodnd ~4
l JAMSbeta l
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JAMS$alpha




Microbial analysis made easy

Within sample analysis

JAMSalpha -f Samplel Rl.fastg.gz —-r Samplel RZ2.fastqg.gz

-d ./JAMSdb/JAMSdb202212

_ Input sequences:
Sequencing data

!
JAMSalpha

ﬂ Information
about host:

Path to database:

Samplel.jams
Samplel.pdf
Samplel.tar.gz

Information
about sample:

—A metagenome -H human -p Samplel

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

JAMS-formatted database
(available to download)

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

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



Microbial analysis made easy

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

Sample Well Group Timepoint_days | Mouse_number Treatment Vancomycin_used Neomycin_used
MR50G1M1D1dna202212 Al G1 1 Mouse_1 none Not_Used Not_Used
MR50G1M2D1dna202212 B1 G1 1 Mouse_2 none Not_Used Not_Used
%k J a m S m eta d ata MR50G1M3D1dna202212 C1 Gl 1 Mouse_3 none Not_Used Not_Used
‘ MR50G1M4D1dna202212 D1 G1 1 Mouse_4 none Not_Used Not_Used
MR50G1M5D1dna202212 El G1 1 Mouse_5 none Not_Used Not_Used
MR50G2M1D1dna202212 F1 G2 1 Mouse_1 vancomycin Used Not_Used
MR50G2M2D1dna202212 G1 G2 1 Mouse_2 vancomycin Used Not_Used
MR50G2M3D1dna202212 H1 G2 1 Mouse_3 vancomycin Used Not_Used
MR50G2M4D1dna202212 A2 G2 1 Mouse_4 vancomycin Used Not_Used
e a MR50G2M5D1dna202212 B2 G2 1 Mouse_5 vancomycin Used Not_Used
MR50G3M1D1dna202212 c2 G3 1 Mouse_1 vancomycin+neomycin Used Used
MR50G3M2D1dna202212 D2 G3 1 Mouse_2 vancomycin+neomycin Used Used
MR50G3M3D1dna202212 E2 G3 1 Mouse_3 vancomycin+neomycin Used Used
MR50G3M4D1dna202212 F2 G3 1 Mouse_4 vancomycin+neomycin Used Used
MR50G3M5D1dna202212 G2 G3 1 Mouse_5 vancomycin+neomycin Used Used
MR50G1M1D5dna202212 H2 G1 5 Mouse_1 none Not_Used Not_Used
MR50G1M2D5dna202212 A3 G1 5 Mouse_2 none Not_Used Not_Used
MR50G1M3D5dna202212 B3 G1 5 Mouse_3 none Not_Used Not_Used
M y P I‘Oj e Ct N ame R Data MR50G1M4D5dna202212 c3 G1 5 Mouse_4 none Not_Used Not_Used
‘ MR50G1M5D5dna202212 D3 G1 5 Mouse_5 none Not_Used Not_Used
MR50G2M1D5dna202212 E3 G2 5 Mouse_1 vancomycin Used Not_Used
MR50G2M2D5dna202212 F3 G2 5 Mouse_2 vancomycin Used Not_Used
MR50G2M3D5dna202212 G3 G2 5 Mouse_3 vancomycin Used Not_Used
MR50G2M4D5dna202212 H3 G2 5 Mouse_4 vancomycin Used Not_Used
MR50G2M5D5dna202212 A4 G2 5 Mouse_5 vancomycin Used Not_Used
O rd | n atl O n I OtS MR50G3M1D5dna202212 B4 G3 5 Mouse_1 vancomycin+neomycin Used Used
p MR50G3M2D5dna202212 ca G3 5 Mouse_2 vancomycin+neomycin Used Used
H t MR50G3M3D5dna202212 D4 G3 5 Mouse_3 vancomycin+neomycin Used Used
e a m a ps MR50G3M4D5dna202212 E4 G3 5 Mouse_4 vancomycin+neomycin Used Used
St t t MR50G3M5D5dna202212 F4 G3 5 Mouse_5 vancomycin+neomycin Used Used
a IS ICS MR50G1M1D15dna202212 G4 G1 15 Mouse_1 none Not_Used Not_Used
MR50G1M2D15dna202212 H4 Gl 15 Mouse_2 none Not_Used Not_Used
MR50G1M3D15dna202212 A5 G1 15 Mouse_3 none Not_Used Not_Used
MR50G1M4D15dna202212 B5 G1 15 Mouse_4 none Not_Used Not_Used




JAMSalpha pipeline flowchart

Input sequences

Input is sequencing reads?

yes l

Reads are host-associated?

yes l
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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
9



Alignment independent taxonomic classification

Taxonomic Contig
Classification Wood and Salzberg. Genome Biology 2014, 15:R46

Taxonomic identification of Query sequence
contigs using Kraken ——— }k_mers
. B K-merto LCA mapping
e Counts k-mers in query ‘<ed> Classification

tree and path

sequences and matches

to exact k-mers In

d ata b ase ’ Taxonomy tree
® |S UH:rafaSt and accurate, Sequence classified as belonging to leaf of

classification (highest-weighted RTL) path

e Custom k-mer

databases can be built;
e Result is hierarchical

-

Examine hit taxa
and ancestors

10



Alignment independent taxonomic classification

Taxonomic Contig Wood, D.E,, Lu, J. & Langmead, B. Improved metagenomic
Classification 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 kraken?2
database with non-tlagged complete genomes of all:

. Kingdom Freq
 Bacteria k__Archaea 1426
« Archaea k__Bacteria 66345
* Protozoa k__Fungi 6001
e \iruses k__Metazoa 11

o Fungi k_Missing 1136
k__Viruses 34058

« Homo sapiens (1 genome: GRCh38)
o Mus musculus (1 genome: GRCm38)

Latest build from
December 2022

11



NCBI Taxonomy IDs — Taxid

Curated taxonomy compiled using the JAMSbuildk2db script

Taxid Kingdom Phylum Class Order Family Genus Species LKT

1297742 k__Bacteria p__Proteobacteria |c__Deltaproteobacteria o__Myxococcales f_Myxococcaceae g__Myxococcus s__Myxococcus_hansupus LKT__s__Myxococcus_hansupus
1297750 k__Bacteria p__Bacteroidetes |c__Bacteroidia o__Bacteroidales f__Bacteroidaceae g__Bacteroides s__Bacteroides_luti LKT__s__ Bacteroides_|luti

1298855 k__Bacteria p__Proteobacteria |c__Alphaproteobacteria o__Sphingomonadales |f__Sphingomonadaceae g__Novosphingobium s__Novosphingobium_Unclassified_B_7 LKT__s__Novosphingobium_Unclassified
320599 k__Bacteria p__Actinobacteria |c__Thermoleophilia o__Solirubrobacterales |f__Solirubrobacteraceae |g__Unclassified s__Unclassified LKT__f__Solirubrobacteraceae
207599 k__Bacteria p__Actinobacteria |c__Thermoleophilia o__Solirubrobacterales |f__Solirubrobacteraceae |g__Solirubrobacter s__Unclassified LKT__g__ Solirubrobacter

72640968 k__Bacteria p__Actinobacteria |c__Thermoleophilia o__Solirubrobacterales |f__Solirubrobacteraceae |g__Solirubrobacter s__Unclassified LKT__g__ Solirubrobacter

1298857 k__Bacteria p__Actinobacteria |c__Thermoleophilia o__Solirubrobacterales |f__Solirubrobacteraceae |g__Solirubrobacter s__Solirubrobacter_Unclassified_URHD0082 LKT__s__Solirubrobacter_Unclassified
1298858 k__Bacteria p__Proteobacteria |c__Alphaproteobacteria o__Rhizobiales f__Phyllobacteriaceae g__Mesorhizobium s__Mesorhizobium_Unclassified_URHA0056 LKT__s__Mesorhizobium_Unclassified
1298860 k__Bacteria p__Actinobacteria |c__Actinobacteria o__Micrococcales f__Microbacteriaceae g__Microbacterium s__Microbacterium_Unclassified_URHA0036 LKT__s__Microbacterium_Unclassified
1298861 k__Bacteria p__Proteobacteria [c__Gammaproteobacteria |o__Xanthomonadales |f__Xanthomonadaceae g__Lysobacter s__Lysobacter_Unclassified_URHA0019 LKT__s__Lysobacter_Unclassified
1298862 k__Bacteria p__Proteobacteria |c__Alphaproteobacteria o__Caulobacterales f__Caulobacteraceae g__Caulobacter s__Caulobacter_Unclassified_URHA0033 LKT__s__Caulobacter_Unclassified
1298863 k__Bacteria p__Actinobacteria [c__Actinobacteria o__Propionibacteriales |f__Nocardioidaceae g__Marmoricola s__Marmoricola_Unclassified_URHB0036 LKT__s__Marmoricola_Unclassified
1298864 k__Bacteria p__Actinobacteria |c__Actinobacteria o__Corynebacteriales |f__Mycobacteriaceae g__Mycobacterium s__Mycobacterium_Unclassified_URHD0025 LKT__s__Mycobacterium_Unclassified
1298866 k__Bacteria p__Firmicutes c__Bacilli o__Bacillales f__Bacillaceae g__Bacillus s__Bacillus_Unclassified_URHB0009 LKT__s__Bacillus_Unclassified
1298867 k__Bacteria p__Proteobacteria |c__Alphaproteobacteria o__Rhizobiales f__Bradyrhizobiaceae g__Bradyrhizobium s__Bradyrhizobium_Unclassified_URHA0002 LKT__s__Bradyrhizobium_Unclassified
1298868 k__Bacteria p__Bacteroidetes |c__Flavobacteriia o__Flavobacteriales f__Flavobacteriaceae g__Flavobacterium s__Flavobacterium_Unclassified_URHB0058 LKT__s__Flavobacterium_Unclassified
1298879 k__Bacteria p__Actinobacteria [c__Actinobacteria o__ Streptomycetales [f__Streptomycetaceae g__ Streptomyces s__Streptomyces_Unclassified_CNQ329 LKT__s__Streptomyces_Unclassified
"1298880 k__Bacteria p__Actinobacteria [c__Actinobacteria o__Streptomycetales |f__Streptomycetaceae g__ Streptomyces s__Streptomyces_Unclassified_TAA486 LKT__s__ Streptomyces_Unclassified
946227 k__Bacteria p__Proteobacteria |c__Gammaproteobacteria |o__Alteromonadales f__Idiomarinaceae g__Unclassified s__Unclassified LKT__f__Ildiomarinaceae

1298881 k__Bacteria p__Proteobacteria |c__Gammaproteobacteria |o__Alteromonadales f__Idiomarinaceae g__Missing s__ldiomarinaceae_bacterium_HL_53 LKT__s__Idiomarinaceae_bacterium
1298913 k__Bacteria p__Proteobacteria |c__Betaproteobacteria o__Burkholderiales f__Comamonadaceae g__Missing s__Comamonadaceae_bacterium_URHA0028 B|LKT__s Comamonadaceae_bacterium
1300914 k__Bacteria p__Bacteroidetes |c__Sphingobacteriia o__Sphingobacteriales |f__Sphingobacteriaceae g__Mucilaginibacter s__Mucilaginibacter_Unclassified_PAMC_26648|LKT__s__Mucilaginibacter_Unclassified
1301032 k__Bacteria p__Proteobacteria |c__Alphaproteobacteria o__Rhizobiales f__Rhizobiaceae g__Rhizobium s__Rhizobium_Unclassified_IE4771 LKT__s__Rhizobium_Unclassified
1301086 k__Bacteria p__Firmicutes c__Bacilli o__Bacillales f__Bacillaceae g__Bacillus s__Bacillus_Unclassified_GeD10 LKT__s__Bacillus_Unclassified
1301088 k__Bacteria p__Actinobacteria [c__Actinobacteria o__Corynebacteriales |f__Nocardiaceae g__Rhodococcus s__Rhodococcus_Unclassified_EsD8 LKT__s__Rhodococcus_Unclassified
1301100 k__Bacteria p__Firmicutes ¢__Clostridia o__Clostridiales f__Peptostreptococcaceae (g__Romboutsia s__Clostridium_dakarense LKT__s__ Clostridium_dakarense
1302308 k__Bacteria p__Actinobacteria |c__Actinobacteria o__Corynebacteriales |f__Nocardiaceae g__Rhodococcus s__Rhodococcus_Unclassified_P1Y LKT__s__Rhodococcus_Unclassified
1302376 k__Bacteria p__Proteobacteria [c__Gammaproteobacteria |o__Pseudomonadales |f__Pseudomonadaceae g__Pseudomonas s__Candidatus_Pseudomonas_adelgestsugas LKT__s__Candidatus_Pseudomonas

" KT

12N241nN

lr  Rartaria

n Dratanhartaria

~

Rammanrntanhartaria

n Fntarnhartaralac

f

Fntarnhartariaraaan

a (Candidatiic Annandia

c

I Inrlaccifiad

o

Candidatiic Annandia




MBARC-26 consists of 23 bacterial and 3 archaeal strains

Taxonomic relative abundance — LKT in SRR3656745

spanning 10 phyla and 14 classes, a range of GC contents,

Confidence stats

genome sizes, and repeat content

Expected Genome Completeness

www.nature.com/scientificdata
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JAMS
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JAMS
Light filtering (<0.005%)

Relative Abundance (%) % GenComp

1e-04%  0.001% 0.1% 1% 25% 5% 10% 50% 100%

— = False positive

PctAss
Reads_Million

300%  >400% T| er

LKT s Desulfosporosinus acidiphilus
LKT s Fervidobacterium pennivorans
LKT s Sediminispirochaeta smaragdinae
LKT s Meiothermus silvanus

LKT s Hirschia baltica

LKT s Thermobacillus composti

LKT s Desulfallas gibsoniae

LKT s Desulfosporosinus meridiei
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LKT s Salmonella enterica

LKT s Clostridium perfringens

LKT s Hungateiclostridium thermocellum
LKT s Corynebacterium glutamicum
LKT s Escherichia coli

LKT s Salmonella bongori
———————— LKT f Enterobacteriaceae
—— P LKT p Proteobacteria

LKT s Nesiotobacter exalbescens

Feature must be >50PPM in at least 5% of samples
Taxonomy information must come from >25% contigs in at least 10% of samples
Taxon genome completeness must be >5% in at least 5% of samples
Number of samples in heatmap = 13 | Number of features assessed = 28
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JAMS filtration

Filtering by relative abundance and Genome Completeness

30127 1
28877 1
27628 1
26378 1
25128 1
23879 1
22629 1
21379 1

n
o
S
<
%
S

18880 1
17630 1
16381 - Filtration

15131 A PPM with 10% Genome Completeness
13881 1 — PPM only

12632 4
11382 1
10132 4

Number of features surviving

8883 1
7633 1
6383 1
5134 A
3884 1

2634 A
1385 A

135 1

42 125 208 292 375 458 542 625 708 792 875 958

Minimum PPM relative abundance in 10% of samples



JAMS filtration Filtering by relative abundance and Genome Completeness
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Minimum PPM relative abundance in 10% of samples



Translational Biobehavioral

Jennifer J. Barb
Michael Valencia

Species level comparison
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Functional analysis

Taxonomy independent analyses

INnterProScan

amm .., m [nterProScan is the software package that allows
pr— sequences (protein and nucleic) to be scanned against

Annotations = Lengths Graph = Insert Sizes = Text View Info |

G B G bxtrace G RC. & Transiare & Add/Edit Annotation | £ Allow Editing. @ Annotate & predict | [ Save = nlalo InterPro's signatures. Signatures are predictive models,

400,000 600,000 800,000 1,000,000 1,200,000 1,400,000 1,600,000 1,800,000 2,000,000 2,200,000 2,400,000 2,600,000 2,850,746

provided by several different databases, that make up the InterPro

206,000 208,000 210,000 212,000 214696 216,000 218,000 220,000 222,000 224,000 226,000 228,000

S consortium.
442 1l
Coverage [ L
: , ~— |
te CPO11147 (modified) 205,853 207,853 209,852 211,850 214,546 215,849 217,848 219,848 221,848 223,848 225,848 227,845 " " - . " -
3 modifie e .
brnQl... _| ipdC CDS PTS system... hy... murP 7- < hsdR CDS _h hyp... mac... > hypothe... AL > ABC tra... ” E C N u m b e r L] h I e ra rc h I Ca | C I a S S Ifl Cat I O n Of e n Zy m e S

m... - .
EOCERE dEDIE @ COE J(EET 9 2D ) rEZed) &3 |

“Name: murP CDS
=== Type: CDS

Pfam: Protein Families
e e——— oy e Phobius: Protein localization within cell

I ————————————————— T
-

locus_tag: FCFHV36_0174

e e e s PRINTS: Functional domain fingerprints

wmtransl_table: 11

LN - —— nmummme v product: N-acetylmuramic acid phosphotransfer permease

T — e e i s s PFOR@N _icl: AKAO8330.1 GO- G O t I t m

" —— = | — - " 1 s s e AD_XTef: G1:803444648 * e n e n O O e r S

. —————— _(ransla(ion:MTKEQQLAERIIAAVC.GMDNIDSVMNCMTRVRIKVLDENKVDDQELRHIDGVMGVIHDERIQWVGPGTVNKV/
AELSGVKLGDPIPHHHNDSEKMDYKSYAADKAKANKEAHKAKQKNGKLNKVLKSIANIFIPLIPAFIGAGLIGGIAAVLSNLMVAC

8 i i = AWITQLITVENVIKDGMLAYLAIFTGINAAKEF GATPGLGGVIGGTTLLTGIAGKNILMNVFTGEPLQPGQGGIIGVIFAVWILSIVEK M eta Cyc: M eta bOl I1C Pat hways
st w0 s i HKIVPNAIDIVTPTIALLIVGLLTIFIFMPLAGFVSDSLVSVNGIISIGGVFSGFIIGASFLPLVMLGLHHIFTPIHIEMINQSGAT

e 1 s i < e YLLPAAMAGAGQUGAALALWVRCKRNTTLRNTLKGALPVGFLGIGEPLIYGVTLPLGRPFLTACIGGGIGGAVIGGIGHIGAKAIG!

nmie vt sem . e arms e —smmen s VSLLPLISDNMYLGYIAGLLAAYAGGFVCTYLFGTTKAMRQTDLLGD

NCBI Feature Key: CDS
Cursor before base 214,696 (original base 58). Mouse over base 214,233 (A), residue 375 (T/Thr/Threonine) in CP011147 (modified)

Curated BLASTp databases:
Resfinder: Antibiotic resistance genes
VFDB: Virulence Finder database
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Microbial analysis made easy

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

. C D (c] | J
i3l Sample Well Host_species |Group|Timepoint |Timepoint_days |Mouse_number Treatment Vancomycin_used [Neomycin_used
Pl MR50G1M1D1dna202212 Al mouse G1 Day_0 0 Mouse_1G1 none Not_Used Not_Used
EJ MR50G1M2D1dna202212 Bl mouse G1 Day_0 0 Mouse_2G1 none Not_Used Not_Used
k m metadata ‘38 MR50G1M3D1dna202212 C1 mouse G1 Day_0 0 Mouse_3G1 none Not_Used Not_Used
'J a S 3l MR50G1M4D1dna202212 D1 mouse G1 Day_0 0 Mouse_4G1 none Not_Used Not_Used
;3 MR50G1M5D1dna202212 El mouse G1 Day_0 0 Mouse_5G1 none Not_Used Not_Used
YAl MR50G2M1D1dna202212 F1 mouse G2 Day 0 0 Mouse_1G2 vancomycin Used Not_Used
3 MR50G2M2D1dna202212 Gl mouse G2 Day 0 0 Mouse_2G2 vancomycin Used Not_Used
El MR50G2M3D1dna202212 H1 mouse G2 Day_0 0 Mouse_3G2 vancomycin Used Not_Used
'l MR50G2M4D1dna202212 A2 mouse G2 Day_0 0 Mouse_4G2 vancomycin Used Not_Used
%8 MR50G2M5D1dna202212 B2 mouse G2 Day_0 0 Mouse_5G2 vancomycin Used Not_Used
iV MR50G3M1D1dna202212 Cc2 mouse G3 Day_0 0 Mouse_1G3 vancomycin+neomycin |Used Used
il MR50G3M2D1dna202212 D2 mouse G3 Day_0 0 Mouse_2G3 vancomycin+neomycin |Used Used
7' MR50G3M3D1dna202212 E2 mouse G3 Day 0 0 Mouse_3G3 vancomycin+neomycin |Used Used
il MR50G3M4D1dna202212 F2 mouse G3 Day_0 0 Mouse_4G3 vancomycin+neomycin |Used Used
8 MR50G3M5D1dna202212 G2 mouse G3 Day 0 0 Mouse_5G3 vancomycin+neomycin |Used Used
VA MR50G1M1D5dna202212 H2 mouse G1 Day 5 Mouse_1G1 none Not_Used Not_Used
s8-8 MR50G1M2D5dna202212 A3 mouse G1 Day_5 Mouse_2G1 none Not_Used Not_Used
il MR50G1M3D5dna202212 B3 mouse G1 Day_5 Mouse_3G1 none Not_Used Not_Used
. p{oll MR50G1M4D5dna202212 c3 mouse G1 Day_5 Mouse_4G1 none Not_Used Not_Used
M y P rOJ e Ct N a m e . R Data A8 MR50G1M5D5dna202212 D3 mouse G1 Day_5 Mouse_5G1 none Not_Used Not_Used
p¥8 MR50G2M1D5dna202212 E3 mouse G2 Day_5 Mouse_1G2 vancomycin Used Not_Used
PEM MR50G2M2D5dna202212 F3 mouse G2 Day_5 Mouse_2G2 vancomycin Used Not_Used
rZ M MR50G2M3D5dna202212 G3 mouse G2 Day_5 Mouse_3G2 vancomycin Used Not_Used
Pl MR50G2M4D5dna202212 H3 mouse G2 Day 5 Mouse_4G2 vancomycin Used Not_Used
Pl MR50G2M5D5dna202212 A4 mouse G2 Day 5 Mouse_5G2 vancomycin Used Not_Used
P¥ MR50G3M1D5dna202212 B4 mouse G3 Day_5 Mouse_1G3 vancomycin+neomycin |Used Used
O rd | n atl O n p I OtS pt: 8 MR50G3M2D5dna202212 c4 mouse G3 Day_5 Mouse_2G3 vancomycin+neomycin |Used Used
il MR50G3M3D5dna202212 D4 mouse G3 Day_5 Mouse_3G3 vancomycin+neomycin |Used Used
H eat m a S E['M MR50G3M4D5dna202212 E4 mouse G3 Day_5 Mouse_4G3 vancomycin+neomycin |Used Used
p EX8 MR50G3M5D5dna202212 F4 mouse G3 Day_5 Mouse_5G3 vancomycin+neomycin |Used Used
St tl tl kYA MR50G1M1D15dna202212 G4 mouse G1 Day_15 15 Mouse_1G1 none Not_Used Not_Used
a S CS EEM MR50G1M2D15dna202212 H4 mouse G1 Day_15 15 Mouse_2G1 none Not_Used Not_Used
k8 MR50G1M3D15dna202212 A5 mouse G1 Day_15 15 Mouse_3G1 none Not_Used Not_Used
EEll MR50G1M4D15dna202212 BS mouse G1 Day_15 15 Mouse_4G1 none Not_Used Not_Used
E[°8 MR50G1M5D15dna202212 Cc5 mouse G1 Day_15 15 Mouse_5G1 none Not_Used Not_Used
LY MR50G2M1D15dna202212 D5 mouse G2 Day_15 15 Mouse_1G2 vancomycin Used Not_Used
Q AMDENMIRAINTIEAAAINIITD cc mMmAaLiea (e ] NAav 18 1c NMAiiea 21D AR AAmUATA llead NAt+ llead




Beta diversity analysis made easy

SLKT
class: SummarizedExperiment
dim: 31580 59
metadata (4) : TotalBasesSequenced TotalBasesSequencedinAnalysis analysis
ctable
assays (3) : BaseCounts PctFromCtgs GenomeCompleteness
rownames (31580) : LKT s Ligilactobacillus murinus
LKT s Lactobacillus johnsonii
LKT s _Pantoea Unclassified OXWOG6Bl1
LKT s Alkalihalobacillus Unclassified LMS6
rowData names (10): Gram Domain ... Species LKT
colnames (59) : MR50G1M1D1dna202212 MR50G1M2D1dna202212

colbata names(15): Sample Well ... GoNAHS Pothss The JAMSbeta script will
Fechumbes create an R session

class: SummarizedExperiment

dim: 2169 59 . .

metadata (4) : TotalBasesSequenced TotalBasesSequencedinAnalysis analysis CO nta I n I ng
ctable

assays (2) : BaseCounts GeneCounts ° e
rownames (2169) : ECNumber none EC 3.1.-.- ... EC 3.4.21.66 EC 1.1.1.76 SummarIZEdExperlment

rowData names (2): Accession Description

colnames (59) : MR50G1M1D1dna202212 MR50G1M2D1dna202212 ... b f ” JAMS
MR50G3M4CECdna202212 MR50G3M5CECdna202212 o) JECtS or a

colData names (15): Sample Well ... GbNAHS PctAss

SProduct

analysis spaces for those
;i;fs;6§gmr;1:;1rizedExperiment Samples.

metadata (4): TotalBasesSequenced TotalBasesSequencedinAnalysis analysis
ctable
assays (2) : BaseCounts GeneCounts
rownames (8639) : hypothetical protein Sensor histidine kinase RcsC
1-2%2C3-butanediol dehydrogenase Meromycolate extension acyl carrier
protein
rowData names (2): Accession Description
colnames (59) : MR50G1M1D1dna202212 MR50G1M2D1dna202212
MR50G3M4CECdna202212 MR50G3M5CECdna202212 21
colData names (15): Sample Well ... GbNAHS PctAss




The SummarizedExperiment object

se <-SummarizedExperiment (
assays,
rowData,
colData,
exptData
) From:

l1Dat
colData(se) Martin, Pascal. (2015). An

introduction to R/Bioconductor
for the analysis of high-
throughput sequencing data.

colData (se) $tissue

seStissue

se %in% CNVs

9] %)
Q Q
- c
o o
o) L)
o 0
O 4
P P —
2 =
5 m
) o)
i o

rowData (se) assays (se) exptData (se)

rowData (se) SentrezId assays(se)Scount exptData(se) $projectId



Beta diversity analysis made easy

@export

There |S d dedlcated mpa2JAMS <- function(mpa_folder = NULL, only_prefixes = NULL, output_folder = NULL,

mpa_file_suffix = "_profile.txt", return_mpa_list.data = TRUE, verbose = TRUE, asRDS =

function (in beta-testing) RIEE

fC)F'IfT]F)()I”tIf]g; flog.warn("This function is experimental, use at your own risk and peril.")

mpa_list.data <- list()

Metaphlan4 results into list_elem < 1

mpa_taxlevel_names <- c("Kingdom", "Phylum", "Class", "Order", "Family", "Genus",

a JAMS-compatible .jams “Species”)
fl|eS fOf‘ US|ng W|th mpa_folder <- fixrelpath(mpa_folder)

mpa_files_absolute <- list.files(path = mpa_folder, pattern = mpa_file_suffix,
JAMSbeta full.names = TRUE, recursive = TRUE)

mpa_files <- sapply(1l:length(mpa_files_absolute), function(x) {

tail(unlist(strsplit(mpa_files_absolute[x], split = "/")), n = 1) })

if (length(mpa_files) < 1){
stop(paste("No MetaPhlAnn output files were found"))
}

mpa_files_df <- data.frame(MPA_path = mpa_files_absolute, MPA_file = mpa_files,




Beta diversity analysis made easy

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

plot_relabund heatmap(ExpObij, [filtering], [subsetting], [options])
plot_Ordination(SEobj, [filtering], [subsetting], [options])
plot_alpha_diversity(ExpObj, [filtering], [subsetting], [options])

plot_relabund_features(ExpObij, [filtering], [subsetting], [options])
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MR50 - a simple mouse microbiome perturbation dataset
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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

A B C D E F | J
Sample Well Host_species |Group|Timepoint |Timepoint_days [Mouse_number Treatment Vancomycin_used [Neomycin_used
MR50G1M1D1dna202212 Al mouse G1 Day 0 0 Mouse_1G1 none Not_Used Not_Used
MR50G1M2D1dna202212 Bl mouse G1 Day_0 0 Mouse_2G1 none Not_Used Not_Used
MR50G1M3D1dna202212 C1l mouse G1 Day 0 0 Mouse_3G1 none Not_Used Not_Used
MR50G1M4D1dna202212 D1 mouse G1 Day_0 0 Mouse_4G1 none Not_Used Not_Used
MR50G1M5D1dna202212 E1 mouse G1 Day 0 0 Mouse_5G1 none Not_Used Not_Used
MR50G2M1D1dna202212 F1 mouse G2 Day_0 ﬁ) Mouse_1G2 vancomycin Used Not_Used
MR50G2M2D1dna202212 Gl mouse G2 Day_0 F) Mouse_2G2 vancomycin Used Not_Used
MR50G2M3D1dna202212 H1 mouse G2 Day_0 0 Mouse_3G2 vancomycin Used Not_Used
MR50G2M4D1dna202212 A2 mouse G2 Day_0 E) Mouse_4G2 vancomycin Used Not_Used
MR50G2M5D1dna202212 B2 mouse G2 Day_0 0 Mouse_5G2 vancomycin Used Not_Used
MR50G3M1D1dna202212 Cc2 mouse G3 Day_0 0 Mouse_1G3 vancomycin+neomycin |Used Used
MR50G3M2D1dna202212 D2 mouse G3 Day 0 0 Mouse_2G3 vancomycin+neomycin [Used Used
MR50G3M3D1dna202212 E2 mouse G3 Day 0 0 Mouse_3G3 vancomycin+neomycin |Used Used
MR50G3M4D1dna202212 F2 mouse G3 Day 0 0 Mouse_4G3 vancomycin+neomycin [Used Used
MR50G3M5D1dna202212 G2 mouse G3 Day_0 0 Mouse_5G3 vancomycin+neomycin |Used Used
MR50G1M1D5dna202212 H2 mouse G1 Day 5 Mouse_1G1 none Not_Used Not_Used
MR50G1M2D5dna202212 A3 mouse G1 Day_5 % Mouse_2G1 none Not_Used Not_Used
MR50G1M3D5dna202212 B3 mouse G1 Day_5 Mouse_3G1 none Not_Used Not_Used
MR50G1M4D5dna202212 c3 mouse G1 Day_5 Mouse_4G1 none Not_Used Not_Used
MR50G1M5D5dna202212 D3 mouse G1 Day_5 Mouse_5G1 none Not_Used Not_Used
MR50G2M1D5dna202212 E3 mouse G2 Day_5 Mouse_1G2 vancomycin Used Not_Used
MR50G2M2D5dna202212 F3 mouse G2 Day_5 Mouse_2G2 vancomycin Used Not_Used
MR50G2M3D5dna202212 G3 mouse G2 Day 5 Mouse_3G2 vancomycin Used Not_Used
MR50G2M4D5dna202212 H3 mouse G2 Day_5 Mouse_4G2 vancomycin Used Not_Used
MR50G2M5D5dna202212 A4 mouse G2 Day 5 Mouse_5G2 vancomycin Used Not_Used
MR50G3M1D5dna202212 B4 mouse G3 Day_5 Mouse_1G3 vancomycin+neomycin |Used Used
MR50G3M2D5dna202212 c4 mouse G3 Day_5 Mouse_2G3 vancomycin+neomycin |Used Used
MR50G3M3D5dna202212 D4 mouse G3 Day_5 E Mouse_3G3 vancomycin+neomycin |Used Used
MR50G3M4D5dna202212 E4 mouse G3 Day_5 Mouse_4G3 vancomycin+neomycin |Used Used
MR50G3M5D5dna202212 F4 mouse G3 Day_5 Mouse_5G3 vancomycin+neomycin |Used Used
MR50G1M1D15dna202212 G4 mouse G1 Day_15 15 Mouse_1G1 none Not_Used Not_Used
MR50G1M2D15dna202212 H4 mouse G1 Day 15 15 Mouse_2G1 none Not_Used Not_Used
MR50G1M3D15dna202212 A5 mouse G1 Day_15 15 Mouse_3G1 none Not_Used Not_Used
MR50G1M4D15dna202212 B5 mouse G1 Day 15 15 Mouse_4G1 none Not_Used Not_Used
MR50G1M5D15dna202212 Cc5 mouse G1 Day_15 15 Mouse_5G1 none Not_Used Not_Used
MR50G2M1D15dna202212 D5 mouse G2 Day 15 15 Mouse_1G2 vancomycin Used Not_Used
ANMMDCAOACIAIMMINICAASINIDIITY Ccc AR IR I S ke 1 MNavy 10 1C ANAatien DN AR S I MRS 20 1lead ANatr llead



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)

tUMAP 2

tUMAP of LKT

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
Normalized to number of bases for analysis in sample

Matrix log2 transformed

PERMANOVA p <0.0111; F-Model = 3.6579

Dissimilarity index = bray
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pdf ("Example_Ordination_plots.pdf", paper = "a4r")

for (anal in c("LKT", "MPA4", "Product", "Pfam", "resfinder")){

for(centroids in c(FALSE, TRUE)){

print(plot_Ordination(ExpObj = expvecl[[anal]], subsetby = "Timepoint_days",
applyfilters = "moderate", algorithm = "tUMAP", distmethod = "bray", compareby =

"Treatment", connectby = NULL, connection_orderby = NULL, colourby
shapeby = "Vancomycin_used", use_letters_as_shapes = FALSE, textby

"Treatment",
""Mouse_number",

ellipseby = NULL, dotsize = 2, permanova = TRUE, plotcentroids = centroids,
highlight_centroids = FALSE, show_centroid_distances = FALSE, grid = FALSE,

forceaspectratio = 1, addtit = NULL))

dev.off()




tUMAP 2

tUMAP of LKT within 1
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

Normalized to number of bases for analysis in sample

Matrix log2 transformed

PERMANOVA p <0.5356; F-Model = 0.8464

Dissimilarity index = bray

Mouse_3

Mouse_1

Mouse_4

Mouse_5

Mouse_2

0 1
tUMAP 1

Vancomycin_used

@® Not_Used
A Used

Treatment
@® none
vancomycin

vancomycin+neomycin

tUMAP 2

tUMAP of LKT within 1
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

Normalized to number of bases for analysis in sample

Matrix log2 transformed

PERMANOVA p <0.5356; F-Model = 0.8464

Dissimilarity index = bray
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Mouse_5

Mouse_2

-2

0 1
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Vancomycin_used
Not_Used
Used

Treatment
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vancomycin
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tUMAP 2

tUMAP of LKT within 5

Feature must be >250PPM in at least 15% of samples tUMAP of LKT within5 .

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

Taxon genome completeness must be >10% in at least 5% of samples Taxonomy information must come from >70% contigs in at least 50% of samples
Normalized to number of bases for analysis in sample Taxon genome completeness must be >10% in at least 5% of samples

Matrix log2 transformed Normalized to number of bases for analysis in sample

PERMANOVA p <1e-04; F-Model = 50.4804 Matrix log2 transformed
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tUMAP 2

tUMAP of LKT within 15

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

Normalized to number of bases for analysis in sample

Matrix log2 transformed

PERMANOVA p <1e-04; F-Model = 21.2438
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tUMAP 2

tUMAP of LKT within 56
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

Normalized to number of bases for analysis in sample
Matrix log2 transformed

PERMANOVA p <1e-04; F-Model = 13.3718
Dissimilarity index = bray
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STK <- subset(pheno, Neomycin_used == "Not_Used") []$Sample

pdf ("Example_Heatmaps.pdf", paper = "a4r")
for (anal in c("LKT", "MPA4", "Product", "Pfam", "resfinder")){
for(sca in c(FALSE, TRUE)){

plot_relabund_heatmap(ExpObj = expvecl[[anall]l, samplesToKeep = STK, glomby = NULL,
hmtype = "comparative", applyfilters = "moderate", featcutoff = NULL,
GenomeComp letenessCutoff = NULL, PPM_normalize_to_bases_sequenced = FALSE, scaled =
sca,
subsetby = "Timepoint_days", compareby = "Treatment", invertbinaryorder = TRUE,
showonlypbelow = 0.05, ntop = NULL,
colcategories = c("PctAss", "Treatment"),
splitcolsby = "Treatment", ordercolsby = NULL, textby = "Timepoint_days",
cluster_samples_per_heatmap = TRUE, cluster_features_per_heatmap = TRUE,
label_samples = TRUE, cluster_rows = TRUE, max_rows_in_heatmap = 50, no_underscores =
TRUE, showGram = TRUE, show_GenomeCompleteness = TRUE, maxnumheatmaps =

}
dev.off()




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 12fc 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 12fc means increased in vancomycin
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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 [2fc means increased in vancomycin
Heatmap 1/10
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Relative Abundance Heatmap | Pfam | within 56

pval < 0.05 different between Treatment using MannWhitneyWilcoxon
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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

JAMS with isolate
genomic data
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ISOLATES
retrieved from
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tUMAP 2

tUMAP of Product
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
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tUMAP of Product
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

Ordination of Highlighting g___Phascolarctobacterium only; Distmethod: jaccard; Counts matrix: Gene!
number of PERMANOVA p <1e-04; F-Model = 20.9881
Dissimilarity index = jaccard
Genes from
ISOLATES 101
retrieved from
GenBank NCBI_LKT

LKT__s__Akkermansia_glycaniphila
0 - B LKT__s__Akkermansia_muciniphila

LKT s Akkermansia_Unclassified

tUMAP 2

LKT__s_Phascolarctobacterium_faecium
e LKT__s_Phascolarctobacterium_succinatutens

LKT__s_Phascolarctobacterium_Unclassified
_1 0 -

Ui

tUMAP 1



Other JAMS features:
* Importation of Metaphlann4 data from a count table

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