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The two big questions...

What are they doing?

(functional profiling) (W g



L PICRUSLt: Inferring community metagenomic potential
from marker gene sequencing
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Setup notes reminder

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

« Keep an eye out for of
particular importance

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

« Commands you should specifically copy/
paste are in



Installing PICRUSt

 http://picrust.github.io/picrust/install.html
* Requires

— Python (>=2.7, easy)

— PyCogent (http://pycogent.org)

— BIOM (http://biom-format.org)
 And PICRUSt!

® O O 3. chuttenhower@hutlab3:/n/huttenhower_lab_nobackup/tools/picrust-...

[chuttenhower@hutlab3 picrust-1.0.0]% 1s

doc picrust README.md setup.py tutorials
LICENSE picrust_test_data scripts tests
[chuttenhower@hutlab3 picrust-1.0.0]$ |



Installing PICRUSH

icrust.github.io/picrust/install.html

»

Installing PICRUSt

Most users will not need to install PICRUSt, but can instead use the

PICRUSt is written in python, and has been tested on Mac OS X and Linux systems. To install
PICRUSE, first install all of the mandatory requirements, following the instructions on their c:
respective websites. You should then download PICRUSt. You have the choice of downloading » Stey
either the release version (recommended for most users) or the development version

(recommended for users who need access to the latest features, and are willing to tolerate some

instability in the code). Next, you will download the large precalculated PICRUSt files and place

them in your picrust/data directory. Finally, you'll install PICRUSt. Each of these steps are

detailed below.

E Go
Step 1. Install Requirements

: : ; . . . Enter search terms or a module,
Follow the install instructions found on the website of each of the dependencies below to install

PICRUSt’s dependencies.

class or function name.



Installing PICRUSt data

o http://picrust.qgithub.io/picrust/picrust precalculated files.html

* Need to download the precomputed data used by PICRUSt separately
— It's big! Saves you the trouble in the software itself

These files must be placed in your " picrust-1.0.0/picrust/data’ directory before installing.

»

PICRUSt’s Precalculated Files
PICRUSt requires the downloading of precalculated files.
These downloaded files should be placed within your picrust/data directory BEFORE installation.

Download the set of files that correspond to the version of Greengenes that you used for OTU
picking (see Picking OTUs for use in PICRUSY)

The minimum set of files are:

1. 16S for copy number normalization (used in the script normalize by mber.py).
2. Whatever type of function predlctlons you want returned by PICRUSt ( e.g. KO or COG) This Go
is used in the script predict metagenomes.py.

Enter search terms or a module,

Greengenes v13.5 (and IMG 4) class or function name.

D




Picking PICRUSt-compatible OTUs

o http://picrust.github.io/picrust/tutorials/otu picking.html

« PICRUSt uses precomputed ancestral state reconstructions
OTUs in your data must match those used during precalculation
This means Greengenes, either 18may2012 or 13.5

»

Picking OTUs for use in PICRUSt

Introduction

This document covers how to pick OTUs from marker gene data to use with PICRUSt. To do this,

you'll use a ‘closed-reference’ OTU picking protocol where you search sequences against the GG
reference OTUs at a specified percent identity, and discard any reads that don't hit that reference
collection. The newest available reference collection can be found here:

e gg_13_5_otus.tar.gz (download )

This tutorial assumes that you have QIIME installed. See the OQIIME wetl - for details on how to
use QIIME. The quickest way to get started with QIIME is workmg on the Amazon Web Services Go

cloud, and you can find instructions for using OlIME ot
Enter search terms or a module,

class or function name.

Picking closed reference OTUs with QIIME

To pick 'closed reference’ OTUs with QIIME for use in PICRUST, you should begin with a
demuliplexed fasta file in QIIME format, and the GG reference collection (see download link
above).




Picking PICRUSt-compatible OTUs

* This means that you must use completely
closed-reference OTU picking in QIIME

echo "pick otus:enable rev strand match True" >> $PWD/otu picking params 97.txt

echo "pick otus:similarity €.97" >> $PWD/otu picking params 97.txt
pick closed reference otus.py -i $PWD/segs.fna -o $PWD/ucrC97/ -p $PWD/otu picking params

* Produces an OTU table in which all features
are Greengenes IDs:



¥ Picking PICRUSt-compatible OTUs

-
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3. chuttenhower@hutlab3:

[stamps (ssh)
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® 00 hmp_otu_subset.tsv
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Munging BIOMs

 Great format, hard to read!
— Easy to convert to/from TSV

convert biom.py -1 hmp otu subset.tsv
-0 hmp otu subset.biom
--biom table type="otu table"

3. chuttenhower@hutlab3:~/stamps (ssh)

{"id": "None","format": "Biological Observation Matrix 1.0.0","format_url”: "htt
p://biom-format.org","type": "OTU table","generated_by": "BIOM-Format 1.1.2","da
te": "2014-08-15T18:17:31.215210","matrix_type": "sparse”,"matrix_element_type":
"float","shape”: [3034, 100],"data": [[0,0,0.25],[1,1,1.2],[1,2,23.600000000000
001],[1,3,2.2000000000000002],[1,4,8.8000000000000007],[1,5,6.0],[1,6,4.40000000
00000004],[1,7,0.20000000000000001],[1,8,0.20000000000000001],[1,9,119.400000000
00001],[1,10,7.0]1,[1,11,26.199999999999999], [1,12,3.3999999999999999],[1,13,0.40
000000000000002] ,[1,14,0.40000000000000002],[1,15,1.8],[1,16,29.800000000000001]
,[1,17,55.799999999999997],[1,18,0.20000000000000001],[2,19,0.25],[2,20,0.25],[2

,21,1.0]1,[2,22,0.25],[2,23,0.5],[2,24,0.25],[2,25,0.75],[2,26,1.75],[2,27,0.75],
[228025] [229025] [2,30,0.75], [23105] (3,32,1.0],[4,3,4.5], [41815] L
4,33,8.5]1,[4,34,3.5],[4,35,272.0],[4,36,842.5],[5,5,1.0],[5,11,1.0],[5,14,1.0], [
5,17,1.01,(5,18,3.0]1,[5,35,1.0],[5,36,1.0],[5,37,1.0],[5,38,1.0],[5,39,1.0],[5,4
0,1.0],[5,41,1.0],[5,42,1.0],[5,43,1.0],[5,44,1.0],[5,45,1.0],[5,46,4 el1,[5,47,1
el,[5,48,1.0]1,[5,49,2.0]1,[5,50,2.0]1,[5,51,4.0],[5,52,5.0],[5,53,4.0],[5,54,1.0]



ey Everything | ever needed to know about
PICRUSt | learned from this web site

icrust/tutorials/metagenome prediction.html

Metagenome Prediction Tutorial

Introduction

This tutorial explains how to predict a microbial community metagenome using PICRUST, based
on 16S (or other marker gene) data as detailed in Picki [Us i ¢ ICRUST.

BIOM Format

+ Please note that PICRUSt by default uses the relatively new biom format for representing
OTU tables and Gene tables (e.g. KOs by samples). This | ever enefits including
easier integration with other software (e.g. QIIME and others in the future) and allows
embedding of extra metadata about both the samples and observations (OTUs/KOs).
However, PICRUSt also allow users to input OTU tables and export PICRUSt
predictions in tab-delimited format by using the ‘-f option (see below).

In addition, users can always convert to/from biom format to tab-delimited format using

BIOM’s built in Go

Requirements Enter search terms or a module,
class or function name.
1. You should have already installed PICRUSt (/nstalling PICRUST).

2. A PICRUSt compatible OTU table (Picking OTUs for use in PICRUSE), such as the example
file tutorials/hmp_mock_16S.biom.

Step 1: Normalize OTU Table
i )y normalizes the OTU table by dividing each OTU by the




Step 1: Normalize OTUs by 16S copy number

* We can get better predictions by dividing “raw”
OTU counts by their expected 16S copy number

PLoS Comput Biol. 2012;8(1C):e1002743. doi: 10.1371/journal.pcbi.1002743. Epub 2012 Oct 25.

Incorporating 16S gene copy number information improves estimates of microbial diversity and
abundance.

Kembel SW', Wu M, Eisen JA, Green JL.

Microbiome. 2014 Apr 7,2:11. doi: 10.1186/2049-2618-2-11. eCollection 2014.

CopyRighter: a rapid tool for improving the accuracy of microbial community profiles through lineage-
specific gene copy number correction.

13, Hugenholtz P!, Tyson GW?3.

Angly FE', Dennis PG?, Skarshewski A', Vanwonterghem

14



Normalize OTUs by 16S copy number

Step 1

-

-0 hmp otu subset normalized.tsv -b

convert biom.py -1 hmp otu subset normalized.biom
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v Step 2: Predict metagenome contents

J

« Given a normalized OTU table, PICRUSt uses gene copy
numbers associated with each Greengenes tree tip to
multiply and infer community gene copy numbers

./picrust-1.0.0/scripts/predict metagenomes.py
-1 hmp otu subset normalized.biom
-0 hmp ko subset.tsv -f -g 18may2012

3. chuttenhower@hutlab3:~/stamps (ssh)

# Constructed from biom file

#0TU ID 700098429 700016960 700095467 700101581 700034907 700097688
Kooeo1 494.0 198.0 418.0 397.0 403.0 329.0 416.0 126.0 253.0
Koeee2 16.0 17.0 6.0 32.0 8.0 5.0 3.0 8.0 185.0 15.0 38.0 3.0

KOoeo3 469.0 127.0 413.0 309.0 242.0 314.0 341.0 139.0 208.0
KOooo4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 15.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Kooeos 301.0 99.0 231.0 160.0 157.0 164.0 215.0 42.0 25.0
KOooo? 0.0 0.0 0.0 0.0 0.00.00.0 2.0 1.00.00.00.00.00.00.00.00.00.0
Kooee8 517.0 83.0 345.0 250.0 236.0 295.0 354.0 16.0 102.0
Kooee9 10.0 2.0 19.0 13.0 11.0 9.0 54.0 4.0 20.0 9.0 30.0
K0oo10 6.0 4.0 17.0 25.0 13.0 16.0 100.0 63.0 36 @0 12.9
Kooo11 26.0 0.0 10.0 4.02.08.01.00.00.0 2.0 10.0 1.0 4.00.0 2.0
K0ee12 318.0 166.0 322.0 302.0 420.0 271.0 371.0 115.0 200.0
K0eo13 465.0 162.0 397.0 302.0 331.0 270.0 357.0 82.0 191.0
K0oo14 661.0 164.0 541.0 402.0 427.0 412.0 520.0 198.0 256.0
Kooo15 0.0 4.0 2.0 26.0 22.0 0.00.04.01.00.00.00.00.00.01.00.0
K0oo16 294.0 49.0 261.0 187.0 173.0 186.0 288.0 116.0 357.0
Kooo18 94.0 56.0 67.0 88.0 127.0  77.0 1490.0 72.0 1.0 107.
Kooo19 1.0 4.0 3.0 27.0 22.0 1.0 0.0 5.0 47.0 0.0 0.00.00.00.0 1.0
Keeo20 271.0 103.0 182.0 188.0 162.0 129.0 110.0 46.0 113.0
K0oo21 0.0 0.0 0.0 0.0 0.0 0.0 0.0 19.0 8.0 0.0 0.0 0.0 0.0 63.0 0.0 0.0
K0oo22 2.0 4.0 4.0 27.0 22.0 2.0 0.0 10.0 50.0 1.00.00.00.0 1.0
K0oe23 1.0 4.0 3.0 27.0 22.0 1.00.02.03.00.00.00.00.00.01.00.0
K0oo24 84.0 113.6 77.0 138.0 171.0 98.0 185.6 52.0 103.0

hmp_ko_subset.tsv

16



Step 2: Predict metagenome contents

e no | hmp_ko_subset.tsv
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Al v fx | # Constructed from biom file

'V B C F G H | ]
# Constructed from biom file
#OTU ID ' 700098429 700016960 700095467 700101581 700034907 700097688 700098542 700098554 700101242
KO0001 494 198 418 397 403 329 416 126 253
K00002 16 17 6 32 8 5 3 8 185
KO0003 469 127 413 309 242 314 341 139 208
K00004 0 0 0 0 0 0 0 15 0
KO0005 301 99 231 160 157 164 215 42 25
KO0007 0 0 0 0 0 0 0 2 1
KO0008 517 83 345 250 236 295 354 16
KO0009 10 2 19 13 11 9 54 4 20
K00010 6 4 17 25 13 16 100 63
K00011 26 0 10 4 2 8 1 0
K00012 318 371
K00013 465 357 82
K00014 661 520
K00015 0 0 4

2
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4
5
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7
8
9




PICRUSt optional behavior

You can associate predicted gene abundances
with the organism that contains them

— metagenome contributions.py

You can show the confidence intervals of all
predictions
- —-with confidence argumentto predict metagenomes.py

You can summarize per-gene predictions to per-
pathway predictions

— categorize by function.py

You can input a PICRUSt output BIOM file into
HUMANN to reconstruct pathways

18



PICRUSt in Galaxy

* http://huttenhower.sph.h d.edu/

— First get data!
- scp from

~-_ Galaxy / Huttenhower Labeiyze pata Shared Data ~

Ll Upload File (version 1.1.4) —,

search tools X ¢ Unnamed history

0 bytes Q«
See help below (
€D This history is empty. You can
load your own data or get data
Choose File | hnj®_otu_subset.tsv from an external source
GraPhlAn R Due to Ser limitations, uploading files larger than 2GB is guaranteed to fail. To
microPITA uploadarge files, use the URL method (below) or FTP (if enabled by the site administrator).

MetaPhlAn

MaAsLin URL/Text:
PICRUSt

Normalize By Copy Number

Predict Metagenome

Categorize by function

Here you may specify a list of URLs (one per line) or paste the contents of a file.

Convert spaces to tabs:
Get Data Yes

Upload File {49 Use this option if you are entering intervals by hand.
Genome:

ifi 7
Convert Formats unspecified (7)

FASTA manipulation

General Galaxy tools




PICRUSt in Galaxy

* Next normalize by copy number

~-_ Galaxy / Huttenhower Lab:lyze paa Shared Data ~ Help~  User~ sss

! ; : _
i Normalize By Copy Number (version 1.0.0) ERSHORY

search tools Input file - Please upload using the standard Galaxy 'Get Data' - Be sure to select file Unnamed history

format 'picrust’ for the input file: 8 1.2 MB

1: hmp_otu_subset.tsv 3

LEfSe o is | egacy QIIME format - tab delimited): 1:hmp otu subset.tsv

MetaPhlAn Legacy QIIME format (tab-delimited) *

GraPhlAn : used to generate your OTU table):

microPiTA GG 18may2012 =+

MaAsLin

PICRUSt: Phylogenetic Investigation of
Communities by Reconstruction of
Get Data Unobserved States

Upload File from your computer The PICRUSt project aims to support prediction of the unobserved character states in a
community of organisms from phylogenetic information about the organisms in that

20



* Then predict your metagenome

Shared Data~ 3 Help~ User~

=~ Galaxy / Huttenhower Lab:iyze paa

T
OOiS Predict Metagenome (version 1.0.0)

search tools Input file: %
2: Normalize By Copy Numberondatal =

Formats BIOM):

LEfSe ™ Legacy QIIME format (tab-delimited)

MetaPhlAn
SEean | to generate your OTU table):

GraPhlAn GG 18may2012 4

microPITA
MaAsLin
PICRUSt

Type of functional predictions:
KEGG Orthologs =

Type of output:
Metagenome Predictions

Get Data

Run PICRUSt: Predict Metagenome

Upload File from your computer

PICRUSt in Galaxy

Ll
HH Using 0%

History
Unnamed history

1.2 M8 Q=

2: Normalize By CopyNu @ 4 x
mber on data 1

1. hmp otu subset.tsv @ & %

21



PICRUSt in Galaxy

* You can download the resulting gene table...

=~ Galaxy / Huttenhower Labeiyze pata

Tools

search tools

HUTTENHOWER LAB MODULES

LEfSe
MetaPhlAn
GraPhlAn
microPITA
MaAsLin
PICRUSt
Normalize By Copy Number

Predict Metagenome

Categorize by function

IOAD DATA MODLI E
LUAD DATA MODULE

Get Data

Upload File from your computer

DEFAULT GALAXY MODULES
Convert Formats

FASTA manipulation

General Galaxy tools

Shared Data~ : Help~ User~

A job has been successfully added to the queue - resulting In the following dataset:

3: Predict Metagenome on data 2

You can check the status of queued jobs and view the resulting data by refreshing the

History pane. When the job has been run the status will change from 'running’ to
‘finished' if completed successfully or 'error’ if problems were encountered.

You should change
the extension to . tsv
after downloading

Using 0%

History C
Unnamed history
5.9 MB Q
: Predict Metagenome 0\ @ 4 x
n data 2
6,88
ot picrustp, database: ?
~~
L=
nstructed from biom file
#0TU ID 702298429 702216962
1 702223556 792238583
3313¢ 702238221 702223551
702127197 722111234 722111

2: Normalize By CopyNu @ 4 x

mber on data 1

1: hmp otu subset.tsv ® & %




eno | Galaxy3-(Predict_Metagenome_on_data_2).tsv
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Al 5 fx| # Constructed from biom file

| B C D F G i [ J
# Constructed from biom file
#OTUID 700098429 700016960 700095467 700101581 700034907 700097688 700098542 700098554 700101242
K00001 494 198 418 397 403 329 416 126 253
K00002 16 17 6 32 8 5 3 8 185
KO0O003 469 127 413 309 242 314 341 139 208
KO0004 0 0 0 0 0 0 0 15 0
K00005 301 99 231 160 157 164 215 42 25
K00007 0 0 0 0 0 0 0 2 1
KO0008 517 83 345 250 236 295 354 16
KO0009 10 2 19 13 11 9 54 4 20
K00010 6 4 17 25 13 16 100 63
K00011 26 0 10 4 2 8 1 0
K00012 318 371
K00013 465 357 82
K00014 661 520

16 K00015 | 0 ’ 0 4

Galaxy3-(Predict_Met. _on_, +
1 - - alaxy. redict_Metagenome_on_ +
& ormal View

Ready
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PICRUSt in Galaxy

* ...0Or yOu can summarize genes to pathways
— Note that this only works on BIOM files

-_ Galaxy / Huttenhower Lab:iyze pata Shared Data ~ : Helpw  Users ss:

L Predict Metagenome (version 1.0.0) Estony

search tools Input file: (8 Unnamed history

2: Normalize By Copy Number on data 1 5.9 MB
3: Predict Metagenome o

LEfSe
n data 2

MetaPhlAn
GraPhlAn 2: Normalize By Copy Nu

mber on data 1

microPITA
MaAsLin
PICRUSt

al predictions:
KEGG Orthologs =

1: hmp otu subset.tsv

Type of output:
Metagenome Predictions

24



PICRUSt in Galaxy

* ...continuing where we left off...

~_ Galaxy / Huttenhower Lab:iyze paa Shared Data ~ Help~ User~

Tools History

Categorize by function (version 1.0.0)

search tools Input file: [8 Unnamed history

5: Predict Metagenome ondata 2 = 11.7 MB
KEGG Pathway Hierarchy Level:

5: Predict Metagenome o
3 n data 2

MetaPhlAn

GraPhlAn . 3: Predict Metagenome o
microPITA ndata2

MaAsLin _ 2: Normalize By Copy Nu
PICRUSt mber ondata 1

Normalize By Copy Number

1: hmp otu subset.tsv

Run PICRUSt: Categorize by Function

This module collapses hierarchical data to a specified level for PICRUSt predictions. For
) L instance, often it is useful to examine KEGG results from a higher level within the pathway
Get Data hierarchy. Many genes are sometimes involved in multiple pathways, and in these
circumstances (also know as a one-to-many relationship), the gene is counted for each
pathway.

Upload File from your computer

Input file

Output file from the predict process

Convert Formats

FASTA manipulation

General Galaxy tools

For more information please visit:

http://picrust.github.com/




PICRUSt in Galaxy

e ...and then download them.
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A job has been successfully added to the queue - resulting In the following dataset
6: Categorize by function on data 5

You can check the status of queued jobs and view the resulting data by refreshing the
History pane. When the job has been run the status will change from 'running’ to
‘finished' if completed successfully or 'error' if problems were encountered,

You should change
the extension to . tsv
after downloading
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# Constructed from biom file |
#OTU ID ' 700098429 700016960 700095467 700101581 700034907
1,1,1-Trichloro-2,2-bis(4-chlorophenyl)ethane (DDT) degradation 14 57 2 17 15
ABC transporters 34506 12592 29474 22839 21693
Adherens junction 0 0 0 0 0
Adipocytokine signaling pathway 370 498 370 559 659
African trypanosomiasis 0 4 1 26 23
Alanine, aspartate and glutamate metabolism 13023 5274 11483 9064 10054
Aldosterone-regulated sodium reabsorption 0 0 0 0 0
Alzheimer's disease 497 209 464 508 478
Amino acid metabolism 2808 811 2725 2075 2060
Amino acid related enzymes 15736 6334 14053 11441 11849
Amino sugar and nucleotide sugar metabolism 15042 5421 13673 10408 11842
Aminoacyl-tRNA biosynthesis 12618 4779 11424 9460 9125
Aminobenzoate degradation 849 1633 2040 1710
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