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The bioBakery: a next-generation 
environment for microbiome analyses 
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•  Environment for meta’ome analysis 
•  Shotgun metagenomes/transcriptomes 
•  Taxonomic and functional profiling 
•  Experimental design, statistical analysis 

•  Pre-built one-click environments to run: 
•  On your laptop graphically 
•  On a server remotely 
•  On the cloud (Amazon) 

http://huttenhower.sph.harvard.edu/biobakery 
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The	  two	  big	  ques.ons…	  

Who	  is	  there?	  
(taxonomic	  profiling)	  

What	  are	  they	  doing?	  
(func3onal	  profiling)	  
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MetaPhlAn	  overview	  

Gene	  A	  

A	  is	  a	  core	  gene	  for	  clade	  Y	   A	  is	  a	  unique	  marker	  gene	  for	  clade	  Y	  

Nicola 
Segata 
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Franzosa	  et	  al.	  PNAS	  11:E2329-‐38	  (2014)	  

MetaPhlAn	  in	  ac.on	  
Eric 

Franzosa 
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MetaPhlAn	  in	  ac.on:	  strain	  profiling	  

•  In	  prac3ce,	  not	  all	  markers	  are	  present	  
•  Individual-‐specific	  marker	  “barcodes”	  
•  OZen	  very	  stable	  over	  3me	  



Some setup notes 

•  Slides with green titles or text include 
instructions not needed today, but useful for 
your own analyses 

•  Keep an eye out for red warnings of 
particular importance 

•  Command lines and program/file names 
appear in a monospaced font. 

•  Commands you should specifically copy/
paste are in monospaced bold blue. 
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Getting some HMP data 

•  Go to http://hmpdacc.org 
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Click “Get Data” 



Getting some HMP data 

•  Check out what’s available 
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Click “HMIWGS” 



Getting some HMP data 

•  Check out what’s available 
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Click on your favorite body site 



Getting some HMP data 

•  Check out what’s available 
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Don’t click on anything! 



Getting some (prepped) HMP data 

•  Connect to the server instead 
–  cd to your favorite directory and run: 
 

for S in `ls /home/ubuntu/metagenomics/data/input/7*.fasta`;  
do ln -s $S; done 
 

•  These are subsamples of six HMP files: 
–  SRS014459.tar.bz2 è 763577454-SRS014459-Stool.fasta 
–  SRS014464.tar.bz2 è 763577454-SRS014464-Anterior_nares.fasta 
–  SRS014470.tar.bz2 è 763577454-SRS014470-Tongue_dorsum.fasta 
–  SRS014472.tar.bz2 è 763577454-SRS014472-Buccal_mucosa.fasta 
–  SRS014476.tar.bz2 è 763577454-SRS014476-Supragingival_plaque.fasta 
–  SRS014494.tar.bz2 è 763577454-SRS014494-Posterior_fornix.fasta 

•  All six shotgunned body sites from 
–  One subject, first visit 
–  Subsampled to 20,000 reads 15 



Who’s there: MetaPhlAn1 

•  We won’t use it today, but the first version of MetaPhlAn is at: 
http://huttenhower.sph.harvard.edu/metaphlan 

16 



Who’s there: MetaPhlAn2 

•  Instead, go to http://huttenhower.sph.harvard.edu/metaphlan2 
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You could download MetaPhlAn2 by clicking here 



Who’s there: MetaPhlAn2 

•  But don’t! Instead, we’ve installed MetaPhlAn already for you by clicking here 
on the development site, http://bitbucket.org/biobakery/metaphlan2 
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Who’s there: MetaPhlAn2 

•  The complete MetaPhlAn2 install is in 
/class/stamps-software/biobakery/metaphlan2/ 

19 



From the command line... 

•  You can create your own virtual copy by running: 

ln -s /home/ubuntu/metagenomics/metaphlan2/ 
 

•  To see what you can do, run: 
 

./metaphlan2/metaphlan2.py -h | less 
 

– Use the arrow keys to move up and down, 
q to quit back to the prompt 
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Who’s there: MetaPhlAn2 
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Who’s there: MetaPhlAn2 
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•  To launch your first analysis, run: 
 

./metaphlan2/metaphlan2.py \ 
 --mpa_pkl ./metaphlan2/db_v20/mpa_v20_m200.pkl \ 
 --bowtie2db ./metaphlan2/db_v20/mpa_v20_m200 \ 
 ./763577454-SRS014459-Stool.fasta \ 
 --input_type fasta \ 
 > ./763577454-SRS014459-Stool.txt 

 

This will run for ~3-4 minutes 

•  What did you just do? 
– Two new output files: 
–  763577454-SRS014459-Stool.fasta.bowtie2out.txt 

•  Contains a mapping of reads to MetaPhlAn markers 
–  763577454-SRS014459-Stool.txt 

•  Contains  taxonomic abundances as percentages 



Who’s there: MetaPhlAn2 

  less -S 763577454-SRS014459-Stool.fasta.bowtie2out.txt 
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Who’s there: MetaPhlAn2 

  less -S 763577454-SRS014459-Stool.txt 
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Who’s there: MetaPhlAn2 

•  You can finish the job if you like: 
 

./metaphlan2/metaphlan2.py \ 
 --mpa_pkl ./metaphlan2/db_v20/mpa_v20_m200.pkl \ 
 --bowtie2db ./metaphlan2/db_v20/mpa_v20_m200 \ 
 ./763577454-SRS014464-Anterior_nares.fasta \ 
 --input_type fasta \ 
 > ./763577454-SRS014464-Anterior_nares.txt 

... 
 

– Note that you can use the up arrow key to make 
your life easier! 

•  Or you can copy the rest pre-calculated: 
 

cp /home/ubuntu/metagenomics/results/metaphlan/*.txt . 
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Who’s there: MetaPhlAn2 

•  Let’s make a single table containing all six 
samples: 
 

mkdir tmp 
mv *.bowtie2out.txt tmp 
./metaphlan2/utils/merge_metaphlan_tables.py *.txt > \ 

 763577454.tsv 

•  You can look at this file using less 
– Note 1: The arguments less -x4 -S will help 
– Note 2: You can set this “permanently” using 
export LESS="-x4 -S" 

26 



•  But it’s easier using MeV; go to http://www.tm4.org/mev.html 

•  Or use the appropriate local copy for your machine: 
scp /home/ubuntu/metagenomics/ext/MeV_4_9_0_r2731_win.zip . 
scp /home/ubuntu/metagenomics/ext/MeV_4_8_1_r2727_mac.tgz . 
scp /home/ubuntu/metagenomics/ext/MeV_4_8_1_r2727_linux.tar.gz . 
 

Who’s there: MetaPhlAn 

27 

Click 
“Download” 



An interlude: MeV 

•  Don’t forget to transfer your 763577454.tsv 
file locally for viewing using scp 

•  Unzip, launch MeV, and select File/Load data 

28 



An interlude: MeV 

•  Click “Browse” to your TSV file, then 
– Tell MeV it’s a two-color array 
– Uncheck “Load annotation” 
– Click on the upper-leftmost data value 

29 



An interlude: MeV 

•  “Load” your data, then make it visible by: 
– Display/Set Color Scale Limits 
– Choose Single Gradient, min 0, max 10 
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An interlude: MeV 

•  Finally, to play around a bit: 
–  Display/Set Element Size/whatever you’d like 
–  Clustering/Hierarchical Clustering 
–  Optimize both gene and sample order 
–  And select Manhattan Distance (imperfect!) 
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An interlude: MeV 

•  If you’d like, you can 
– Display/Sample-Column Labels/Abbr. Names 

32 



An interlude: MeV 

•  MeV is a tool; imperfect, but convenient 
– You should likely include just “leaf” nodes 

•  Species, whose names start include “s__” 
•  You can filter your file using: 

 

cat 763577454.tsv | grep -E '(Stool)|(s__)' > \ 
 763577454_species.tsv 

– You can, but might not want to, z-score normalize 
•  Adjust Data/Gene-Row Adjustments/Normalize Genes-Rows 

•  Many other tools built in – experiment! 

33 



Summary 

•  MetaPhlAn2 
– Evolution of MetaPhlAn1 

•  Viruses, euks, subspecies, speed 
•  And a LOT more reference data! 

– Raw metagenomic reads in 
– Tab-delimited species relative abundances out 
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The	  two	  big	  ques.ons…	  

Who	  is	  there?	  
(taxonomic	  profiling)	  

What	  are	  they	  doing?	  
(func3onal	  profiling)	  
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(What	  we	  mean	  by	  “func.on”)	  
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HUMAnN	  
HMP	  Unified	  Metabolic	  Analysis	  Network	  

Short	  reads	  +	  protein	  families	  

Nucleo3de	  pan-‐genome	  search	  

Repeat	  for	  each	  metagenomic	  
or	  metatranscriptomic	  sample	  

A1	   A2	   A3	   B1	   B2	   C1	   C2	   C3	  

Weight	  hits	  by	  %ID	  

Sum	  over	  seqs.	  within	  family	  

Adjust	  for	  sequence	  length	  

Translated	  BLAST	  search	  
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?	  

HUMAnN	  
HMP	  Unified	  Metabolic	  Analysis	  Network	  

Many	  millions	  of	  hits	  are	  collapsed	  into	  
a	  few	  million	  gene	  families	  (UniRefs)	  
(s;ll	  a	  large	  number)	  

• Map	  genes	  to	  MetaCyc	  pathways	  

•  Use	  MinPath	  (Ye	  2009)	  to	  find	  simplest	  
pathway	  explana3on	  for	  observed	  genes	  

•  Remove	  pathways	  unlikely	  to	  be	  present	  
due	  to	  low	  organismal	  abundance	  

•  Smooth/fill	  gaps	  

Collapsing	  UniRef	  abundance	  into	  MetaCyc	  
pathway	  abundance	  (or	  presence/absence)	  
yields	  a	  smaller,	  more	  tractable	  feature	  set	  



What’s there: ShortBRED 

•  ShortBRED is a tool for quantifying protein families in metagenomes 
or metatranscriptomes 
–  Short Better REad Dataset 

•  Inputs: 
–  FASTA file of proteins of interest 
–  Large reference database of protein sequences (FASTA or blastdb) 
–  Metagenomes (FASTA/FASTQ nucleotide files) 

•  Outputs: 
–  Short, unique markers for protein families of interest (FASTA) 
–  Relative abundances of protein families of interest in each metagenome 

(text file, RPKM) 

•  Compared to BLAST (or HUMAnN), this is: 
–  Faster 
–  More specific 41 

Jim 
Kaminski 



What’s there: ShortBRED algorithm 

•  Cluster proteins of interest into families 
– Record consensus sequences 

•  Identify any common areas among proteins 
– Compared against each other 
– Compared against reference database 
– Remove all of these 

•  Remaining subseqs. uniquely ID a family 
– Record these as markers for that family 

42 



What’s there: ShortBRED 
marker identification 

43 

Prots of 
interest 

Reference 
database 

True Marker Junction Marker Quasi Marker 

Cluster into 
families 

Identify short, 
common regions 



What’s there: ShortBRED 
family quantification 

44 

Metagenome 
reads ShortBRED 

markers 

Translated search for 
high ID hits 

Normalize 
 relative 

abundances 



Setup notes reminder 

•  Slides with green titles or text include 
instructions not needed today, but useful for 
your own analyses 

•  Keep an eye out for red warnings of 
particular importance 

•  Command lines and program/file names 
appear in a monospaced font. 

•  Commands you should specifically copy/
paste are in monospaced bold blue. 

45 



What’s there: ShortBRED 

•  ShortBRED is available at
http://huttenhower.sph.harvard.edu/shortbred 
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You could download ShortBRED by clicking here 



From the command line... 

•  But don’t! 
–  Instead, we’ve installed ShortBRED already for you  

•  You can create your own virtual copy by running: 
 

ln -s /home/ubuntu/metagenomics/shortbred/ 
 

•  To see what you can do, run: 
 

./shortbred/shortbred_identify.py -h | less -S 

./shortbred/shortbred_quantify.py -h | less -S 

47 



Getting some annotated protein sequences 

•  Go to http://ardb.cbcb.umd.edu 

48 

You could download the ARDB protein sequences here 



From the command line... 

•  But don’t! 
–  Instead, we’ve downloaded the important file for you 

•  Take a look by running: 
 

less /home/ubuntu/metagenomics/data/resisGenes.pfasta 

49 



Getting some reference protein sequences 

•  Go to http://metaref.org 

50 

You could download the MetaRef protein sequences here 



Running ShortBRED-Identify 

•  But don’t! 
–  We’ll use an example mini reference database for speed 

•  Lets make some antibiotic resistance markers by 
running: 
 
 

./shortbred/shortbred_identify.py \ 
 --goi /home/ubuntu/metagenomics/data/resisGenes.pfasta \ 
 --ref ./shortbred/example/ref_prots.faa \ 
 --markers ardb_markers.faa 

less ardb_markers.faa 
 

–  This should take ~5 minutes 
•  If you get bored waiting, kill it and copy: 

/home/ubuntu/metagenomics/results/shortbred/ardb_markers.faa 

–  It will produce lots of status output as it runs 
51 



ShortBRED markers 
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True Markers 
at the top 



ShortBRED markers 
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Junction/Quasi Markers 
at the bottom 



Running ShortBRED-Quantify 

•  Using your existing HMP data subset, you can 
search for antibiotic resistance proteins in the oral 
cavity by running: 
 

 

./shortbred/shortbred_quantify.py \ 
 --markers ardb_markers.faa \ 
 --wgs 763577454-SRS014472-Buccal_mucosa.fasta \ 
 --results 763577454-SRS014472-Buccal_mucosa-ARDB.txt 

less 763577454-SRS014472-Buccal_mucosa-ARDB.txt 
 

–  This should take just a few seconds 
–  It will again produce lots of status output as it runs 
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ShortBRED marker quantification 
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RPKMs and raw hit count 

Other columns are family name and 
total AAs among all family makers 

Sort table 
(head -n 1; sort -k 2,2 -n -r) < \ 
   763577454-SRS014472-Buccal_mucosa-ARDB.txt | less 



AR proteins in the human gut 

•  Example of some real data 
 

/home/ubuntu/metagenomics/data/shortbred_ardb_hmp_t2d.tsv 
 

•  This is the result of running: 
– ShortBRED-Identify on the real ARDB + reference 
– ShortBRED-Quantify on the real HMP + T2D data 

(Qin Nature 2012) 
– Summing each sample’s RPKMs for 

families in each ARDB resistance class 

56 



AR proteins in the human gut 

57 



Summary 

•  HUMAnN2 (up next!) 
– Quality-controlled metagenomic reads in 
– Tab-delimited gene, module, and pathway 

relative abundances out 

•  ShortBRED 
– Raw metagenomic reads, 

Proteins of interest, and 
Protein reference database in 

– Tab-delimited gene family rel. abundances out 
58 
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The	  two	  big	  ques.ons…	  

Who	  is	  there?	  
(taxonomic	  profiling)	  

What	  are	  they	  doing?	  
(func3onal	  profiling)	  



Setup notes reminder 

•  Slides with green titles or text include 
instructions not needed today, but useful for 
your own analyses 

•  Keep an eye out for red warnings of 
particular importance 

•  Command lines and program/file names 
appear in a monospaced font. 

•  Commands you should specifically copy/
paste are in monospaced bold blue. 

62 



What they’re doing: HUMAnN 

•  As a broad functional profiler, you could download 
HUMAnN at: http://huttenhower.sph.harvard.edu/humann 
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Click 
here 



What they’re doing: HUMAnN2 

•  Or even better, the latest version is HUMAnN2 at: 
http://huttenhower.sph.harvard.edu/humann2 
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Click 
here 



What they’re doing: HUMAnN2 

•  ...but instead we’ve already installed it! 
•  Normally you’d follow the online tutorial to expand: 

 

tar -xzf humann2_v0.2.3.tar.gz 
 

•  Install: 
 

cd humann2_v0.2.3 
python setup.py minpath 
python setup.py install 
 

•  And download DIAMOND from here: 
–  http://ab.inf.uni-tuebingen.de/software/diamond/ 
We’re going to use it preinstalled instead 

 65 



What they’re doing: HUMAnN2 

•  If we weren’t all running this, you’d need to: 
– Get our precomputed DNA/AA databases 

•  ChocoPhlAn  ~50M genes from NCBI 
•  UniRef   ~100M proteins from UniProt 

 

humann2_databases --download chocophlan full \ 
  /class/stamps-software/biobakery/humann2/ 
humann2_databases --download uniref diamond \ 
  /class/stamps-software/biobakery/humann2/ 
 

•  This would take too long for everyone to use, 
so we’ll stick with the demo database instead... 
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What they’re doing: HUMAnN2 

•  Take a look at the demo input metagenome: 
 

less -S /home/ubuntu/metagenomics/data/humann2/examples/demo.fastq 

•  From your home directory, run HUMAnN2: 
 

humann2 \ 
 --input /home/ubuntu/metagenomics/data/humann2/examples/

demo.fastq \ 
 --output humann2_demo 
  

 

•  What did you just do? 
less -S humann2_demo/demo_genefamilies.tsv 
–  UniRef gene family IDs 
–  With human-readable glosses when available 
–  Broken down per organism 
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What they’re doing: HUMAnN2 

68 



What they’re doing: HUMAnN2 

•  This has created three main files: 
–  One listing gene family abundances 
–  Two listing pathway (default MetaCyc) abundances and coverages 

•  Coverage   % of “essential” pathway genes present 
•  Abundance  “Average” abundance of essential pathway genes 

•  Each is tab-delimited text with two columns 
 

humann2_demo/demo_genefamilies.tsv 
•  Relative abundance (RPKM) of gene families (UniRef) 

humann2_demo/demo_pathabundance.tsv 
•  Relative abundance (RPKM) of pathways (MetaCyc) 

humann2_demo/demo_pathacoverage.tsv 
•  Coverage (%) of pathways (MetaCyc) 

•  I almost always just use abundances (gene or pathway) 
69 



What they’re doing: HUMAnN2 

•  Pathways look very much like gene families: 
less -S humann2_demo/demo_pathabundance.tsv 
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What they’re doing: HUMAnN2 

•  You can always open these in Excel too 
–  Note: this is sparse since we’re using small subsets of the reference 

data (ChocoPhlAn and UniRef) and input metagenome 

71 



What they’re doing: HUMAnN2 

•  If you run more than one sample, you can combine them: 
 

less -S \ 
 /home/ubuntu/metagenomics/data/humann2/genes/763577454-SRS014459-Stool_genefamilies.tsv 

/home/ubuntu/metagenomics/data/humann2/humann2/tools/join_tables.py \ 
 -i /home/ubuntu/metagenomics/data/humann2/genes/ \ 
 -o 763577454_genefamilies.tsv 

less -S 763577454_genefamilies.tsv 
 

•  And you can open the resulting table in Excel/etc. 

72 



What they’re doing: HUMAnN2 

•  And there’s nothing stopping us from using MeV 
–  Or R, or QIIME, or LEfSe, or anything that’ll read tab-delimited text 

73 



Quality control: KneadData 

•  Did you notice that we didn’t QC our data at all? 
–  MetaPhlAn2 is very robust to junk sequence 
–  HUMAnN2 is pretty robust, but not quite as much 

•  Demo data includes standard metagenomic QC: 
–  Quality trim by removing bad bases (typically Q ~15) 
–  Length filter to remove short sequences (typically <75%) 

74 



Metagenome and metatranscriptome 
quality control: KneadData 

•  You can trim and filter reads, remove host contamination, 
and deplete ribosomal sequences using: 
http://huttenhower.sph.harvard.edu/kneaddata 

75 

Click 
here 



Metagenome and metatranscriptome 
quality control: KneadData 

•  KneadData performs quality trimming using Trimmomatic: 
 

kneaddata -1 seq1.fastq -a SLIDINGWINDOW:4:20 -o seqs 
 
 

•  And read length filtering (including paired ends): 
 

kneaddata -1 seq1.fastq -2 seq2.fastq \ 
 -a "SLIDINGWINDOW:4:20 MINLEN:60" -o seqs 

 
 

•  And will remove host (e.g. human) sequences from a reference 
database: 

 

kneaddata -1 seq1.fastq -2 seq2.fastq \ 
 -a "SLIDINGWINDOW:4:20 MINLEN:60" \ 
 -db Homo_sapiens_db -o seqs 

 
 

•  And will remove ribosomal sequences (for metatranscriptomes): 
kneaddata -1 seq1.fastq -2 seq2.fastq \ 

 -a "SLIDINGWINDOW:4:20 MINLEN:60" \ 
 -db Homo_sapiens_db -db bact_rrna_db -o seqs 
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The	  two	  three	  big	  ques.ons…	  

Who	  is	  there?	  
What	  are	  they	  doing?	  
What	  does	  it	  all	  mean?	  
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•  Composi3onal	  nature	  (Σ	  =	  1)	  
•  Abundance	  is	  rela3ve,	  not	  absolute	  

•  High	  dynamic	  range	  	  
•  OZen	  sparse	  (sample	  dominated	  by	  a	  few	  species)	  
•  Noisy	  
•  Hierarchical	  organiza3on	  

Proper.es	  of	  microbiome	  data	  
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MaAsLin	  
Mul3variate	  microbial	  Associa3on	  with	  Linear	  models	  

•  A	  more	  general	  solu3on	  for	  finding	  significant	  metagenomic	  
associa3ons	  in	  metadata-‐rich	  studies	  

Tim	  
Tickle	  

http://huttenhower.sph.harvard.edu/maaslin 



Linking host and microbial function in 
ileal pouch inflammation 

82 

FAP NP (A/C)P CDL 
Pouch N 

16 
N 
15 

I 
11 

N/I 
16 

Pre-pouch 
ileum (PPI) 

N 
18 

N 
48 

N 
83 

I 
23 

UC 

 NP  No Pouchitis 

(A/C)P  Pouchitis (Acute/Chronic) 

CDL  Crohn’s Disease-Like Phenotype 

FAP FAP  Familial Adenomatous Polyposis 

230 biopsies with host gene expression + microbiome 

184 subjects with j-pouches 
at Mt. Sinai since 1981 

With Mark Silverberg 

Boyko Kabakchiev Andrea Tyler Xochi Morgan Levi Waldron 

Morgan Genome Bio 2015 



Multivariate association of microbes 
with pouchitis phenotypes 

83 

clade ~ 
 transcript + 
 location + 
 antibiotics + 
 inflammation + 
 phenotype 

Can also include random 
effects (i.e. multiple 

samples per subject over 
time / space) and high 

dimensional models (e.g. 
genetics) 



Multivariate association of microbes 
with phenotype in the American Gut 

84 

clade ~ acne_meds + age + alcohol + abx + asthma + 
 BMI + carb% + country_now + country_birth + 
 csection + diabetes + diet_type + dog + fat% + 
 fiber + gluten + ibd + lactose_int + pregnant + 
 protein% + race + sex 



Setup notes reminder 

•  Slides with green titles or text include 
instructions not needed today, but useful for 
your own analyses 

•  Keep an eye out for red warnings of 
particular importance 

•  Command lines and program/file names 
appear in a monospaced font. 

•  Commands you should specifically copy/
paste are in monospaced bold blue. 
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Multivariate associations: MaAsLin 

•  You can find the MaAsLin install and documentation at: 
http://huttenhower.sph.harvard.edu/maaslin 
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Click 
here 



Multivariate associations: MaAsLin 

•  But we’ve already installed it! Take a look: 
 

ln -s /home/ubuntu/metagenomics/maaslin/ 
./maaslin/R/Maaslin.R -h | less -S 
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Starting simple: a 
univariate test with MaAsLin 

•  Let’s start by associating one covariate with 
microbiome data : 

/home/ubuntu/metagenomics/util/metadata.py \ 
 /home/ubuntu/metagenomics/data/hmp_metadata.dat \ 
 < /home/ubuntu/metagenomics/data/HMP.ab.filtered.txt \ 

    > HMP.ab.filtered.metadata.pcl 
grep -E '^(sid)|(STSite)|(k__Bacteria)' HMP.ab.filtered.metadata.pcl \ 
    > HMP.ab.filtered.stsite.pcl 

less -S HMP.ab.filtered.stsite.pcl 
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Starting simple: a 
univariate test with MaAsLin 

•  To run MaAsLin easily on one covariate: 
 

./maaslin/R/Maaslin.R HMP.ab.filtered.stsite.pcl \ 
 HMP.ab.filtered.stsite --lastMetadata=2 
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Starting simple: a 
univariate test with MaAsLin 

•  What are all these files!?! 
 

ls -R HMP.ab.filtered.stsite 

•  First, processed inputs: 
–  generated_config indicates how MaAsLin read your data 

•  One matrix containing metadata model variables, one containing data 

–  QC directory contains separate files for data + metadata 
–  Run_Parameters.txt contains model variables 

•  Was it sparse, were there random variables, what filtering criteria, etc. 
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Starting simple: a 
univariate test with MaAsLin 

•  Next, what you care about, outputs: 
–  HMP.ab.filtered-STSite.txt lists associations between 

clades and the model variable STSite and their significance 

–  HMP.ab.filtered-STSite.pdf plots them 

–  HMP.ab.filtered_log.txt logs all tests, significant or not 91 



Multivariate tests with MaAsLin 

•  Let’s run a more interesting IBD model: 
 

ln -s /home/ubuntu/metagenomics/data/ibd2012.pcl 
less -S ibd2012.pcl 
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Multivariate tests with MaAsLin 

•  Running this isn’t any harder than before 
 (it just takes a little longer): 

 

./maaslin/R/Maaslin.R ibd2012.pcl ibd2012 --lastMetadata=11 
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Multivariate tests with MaAsLin 

•  We can see all of the significant results: 
 

less -S ibd2012/ibd2012.txt 
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Multivariate tests with MaAsLin 

•  Or you can visualize raw data for individual variables: 
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Advanced MaAsLin: random effects 

•  What if you have multiple samples / subject? 
 

grep -E '^(sid)|(RANDSID)|(STSite)|(k__)' HMP.ab.filtered.metadata.pcl > HMP.ab.filtered.subject.pcl 
./maaslin/R/Maaslin.R HMP.ab.filtered.subject.pcl HMP.ab.filtered.subject --lastMetadata=3 -R RANDSID 
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Advanced MaAsLin: other models 

•  What if you like to use a zero-inflated negative binomial? 
–  Be warned, R’s version is buggy as all get go... 
 

./maaslin/R/Maaslin.R HMP.ab.filtered.stsite.pcl HMP.ab.filtered.negbin --lastMetadata=2 -z -m neg_binomial 
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Advanced MaAsLin: more tricks 

•  MaAsLin can... 
–  Change all QC and significance parameters 

•  Minimum relative abundance, prevalence, FDR threshold, method, etc. 

–  Skip some metadata 
•  Check out the read.config file documentation and -i flag 

–  Use other regularization approaches 
•  Not just boosting: LASSO, forward, backward, none, etc. (-s flag) 

–  Test all-against-all features, e.g. all bugs against all genetic variants 
•  -a flag, use with caution – power! 

•  And there’s a beta Galaxy interface 
–  http://huttenhower.sph.harvard.edu/maaslin 
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