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16S ribosomal RNA (16S rRNA)
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Degenerate primer
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COX2

rDNA-ITS1 (internal transcribed spacer),  DNA—ITS2

18S rDNA —ITS1 —5.85 rDNA —ITS2 — 28S rDNA
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Virus (RNA virusD 15 8)

 Tospovirus N&/\J'&E
e Comoviridae RNA-dependent RNA polymerase
* Tombusviridae RNA-dependent RNA polymerase

e Flexiviridae RNA-dependentRNA polymerase. 4t
182> 1\ & (Coat protein)

« INAFYAUDAILRIEEDEIRDIDAILR 414
RIND'E
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JRAZHEHD: 165 rDNA — ITS — 23S rDNA — 55 rDNA
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http://qiime.org/

What is QIIME? =--

QIIME™ (canonically pronounced chime) stands for Quantitative Insights Into Microbial Ecology.

QIIME 2 will succeed QIIME 1 on January 1, 2018. QIIME 1 will no longer be supported at that
time, as development and support effort for QIIME will be focused entirely on QIIME 2.

We recommend that existing QIIME users begin transitioning from QIIME 1 to QIIME 2 now. If you're
new to QIIME, you should start by learning QIIME 2, not QIIME 1.

This site documents QIIME 1. To learn more about QIIME 2, see https://giime2.0rg.

QIIME is an open-source bioinformatics pipeline for performing microbiome analysis from raw DNA
sequencing data. QIIME is designed to take users from raw sequencing data generated on the Illlumina or
other platforms through publication quality graphics and statistics. This includes demultiplexing and quality
filtering, OTU picking, taxonomic assignment, and phylogenetic reconstruction, and diversity analyses and
visualizations. QIIME has been applied to studies based on billions of sequences from tens of thousands
of samples.

QIIME citations since publication

Web of Science: ~3300 -
Google Scholar: ~5050



Available plugins https://docs.qiime2.org/2017.7/plugins/available/

QIIME 2 microbiome analysis functionality is made available to users via plugins. The following official plugins are currently
included in QIIME 2 train releases:

e alignment: Plugin for generating and manipulating alignments.
o Methods
m» mafft: De novo multiple sequence alignment with MAFFT
m mask: Positional conservation and gap filtering.
o Visualizers
e composition: Plugin for compositional data analysis.
o Methods
m add_pseudocount: Add pseudocount to table
o Visualizers
= ancom: Apply ANCOM to identify features that differ in abundance.
e dada2: Plugin for sequence quality control with DADA2.
o Methods
m denoise_paired: Denoise and dereplicate paired-end sequences
m denoise_single: Denoise and dereplicate single-end sequences
o Visualizers
e deblur: Plugin for sequence quality control with Deblur.
o Methods
m denoise_16S: Deblur sequences using a 16S positive filter.
m denoise_other: Deblur sequences using a user-specified positive filter.
o Visualizers
m visualize_stats: Visualize Deblur stats per sample.
e demux: Plugin for demultiplexing & viewing sequence quality.
o Methods
m emp_paired: Demultiplex paired-end sequence data generated with the EMP protocol.
= emp_single: Demultiplex sequence data generated with the EMP protocol.
o Visualizers
® summarize: Summarize counts per sample. 23
e diversity: Plugin for exploring community diversity.



https://docs.qgiime2.org/2017.7/tutorials/

IiNMe 2docs

Version: 2017.7 + Tutorials

Table Of Contents
Note
e Getting started ) ) o ) )
e What is QIIME 22 The tutorials assume you have installed the QIIME 2 Core distribution using one of the procedures in the install documents.
e Core concepts The tutorials make extensive use of the QIIME 2 command-line interface so reviewing the g2cli docs is recommended.
e Installing QIIME 2
e Upgrading QIIME 2 ) . )
o Tutorials ¢ “Moving Pictures” tutorial
o “Moving Pictures” o Sample metadata
tutorial o Obtaining and importing data
o Fecal microbiota o Demultiplexing sequences
transplant (FMT) o Sequence quality control and feature table construction
study: an exercise .
o “Atacama soil o FeatureTable and FeatureData summaries
microbiome” tutorial o Generate a tree for phylogenetic diversity analyses
o Importing data o Alpha and beta diversity analysis
o Exporting data o Taxonomic analysis
o Metadata in QIIME 2 e Fecal microbiota transplant (FMT) study: an exercise
 Fitering data o Obtain data files
o Training feature .
classifiers with o Sequence quality control
q2-feature-classifier o Merging denoised data
e Interfaces o Diversity analysis
e Plugins o Acknowledgements
* Semantic types ¢ “Atacama soil microbiome” tutorial
y (D;(’:“m“"'ty o Obtain the data
e lata resources . .
o Paired-end read analysis commands
¢ Supplementary . i )
resources o Questions to guide data analysis

. 24



Log

https://mothur.org/wiki/Main_Page

Page Discussion Read View source View history |Search C

We will be hosting mothur, R, and reproducible research workshops throughout 2017. Learn more.

Mothur manual
Main page
Recent changes The goal of mothur is to have a single resource to analyze molecular data that is used by microbial ecologists. Many of these tools are available elsewhere as individual
aetlpas programs and as scripts, which tend to be slow or as web utilities, which limit your ability to analyze your data. mothur offers the ability to go from raw sequences to the
= generation of visualization tools to describe a and B diversity. Examples of each command are provided within their specific pages, but several users have provided
Tools

several analysis examples, which use these commands. An exhaustive list of the commands found in mothur is available within the . If you have

What links here . . . . . . . .
any questions, complaints, or praise, please do not hesitate to email Pat or to use the various discussion tabs:

P I, RSN

Category:Commands

This is a listing of the various commands available within mothur.

Pages in category "Commands"

The following 146 pages are in this category, out of 146 total.

o Get.mimarkspackage o Pcr.segs

A o Get.otulist o Phylo.diversity

e Align.check « Get.oturep « Phylotype

o Align.seqs « Get.otus « Pipeline.pds

e Amova « Get.rabund « Precluster

e Anosim « Get.relabund « Primer.design
B o Get.sabund Q

i o Get.segs

* Bin.sags » Get.sharedseqs * Quit
C H R

o Catchall

Rarefaction.shared

o Heatmap.bin
o Chimera.bellerophon

o Heatmap.sim Rarefaction.single

o Chimera.ccode

« Help o Read.dist

o Chimera.check « Homova o Read.tree

o Chimera.perseus o Remove.dists

o Chimera.pintail | o Remove.groups

o Chimera.seqs o Indicator « Remove.lineage

o Chimera.slayer « Remove.otulabels

o Chimera.uchime K « Remove.otus

« Chimera.vsearch o Kruskal.wallis « Remove.rare

o Chop.segs L « Remove.segs 25
o Classify.otu o Rename.file

; Lefse
o Classify.rf ° Rename.segs




USEARCH

Ultra-fast sequence analysis

New features in v10

USEARCH has been cited by 35 834
y
5,305 papers High-throughput search and registered users
Google scholar .
Last updated 27 Aug 2017 clustering 64-bit users

USEARCH is a unique sequence [ I
analysis tool with thousands of users ot senome ST

. world-wide. USEARCH offers search Rl
Buy 64-bit . . Cornell Univ.
and clustering algorithms that are often

CNRS (France)

. orders of magnitude faster than BLAST. L i Tt
Download 32-bit

mproveEXample pipelines with test data

insights

USEARCH : : :
UPARSE OTU aleorithmeSee also http://www.drive5.com/usearch/manual/pipe_examples.html
clustering

tstandi . o
:lljpspopt_'Tr OTU / denoising pipeline

:91UI<(=9~°%  Tutorials with data, scripts, and excercises with solutions (new Aug 2017)
O take 1or

compute t
@ 10- 1,250x BLAST encourage Example Description
1-1,000x CD-HIT enabling r . ) . .
new analy Minimal, unpaired OTUs from unpaired lllumina reads.
tried with ¢

Minimal, paired OTUs and ZOTUs from overlapping paired reads.

OTUs and ZOTUs, OTU table, diversity analysis and
taxonomy (16S).

OTUs and ZOTUs, OTU table, diversity analysis and
taxonomy (ITS).

MiSeq 2x250 16S V4

MiSeq 2x300 ITS

OTUs, OTU table, diversity analysis and taxonomy from
454 reads.

HMP 454 16S V5-V3
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Supplementary Table 3. Analysis workflow and QIIME parameter settings used in this study

QIIME and Unix command ? Options

split_libraries.py ° -m MAP#.ixt -f RunFile##.fna -q RunFile#.qual -1 200 -L350 -s 25-a0-M 2 -e 1 -w 100 -
b 10 -z disable --max-homopolymer 10 -0 Run##/seqs.fna

truncate_reverse_primer.py” -f Run##/segs.fna -z truncate_remove -m SeqData/MAP##.txt -0 Run##/
--primer_mismatches 2

cp® Run##/seqs_rev_primer_truncated.fna seqs.Run##.fna

cat *fna > segs.fna

pick_otus.py -i segs.fna -m usearch --db_filepath=/QIIME_database/gold_fa.fasta -g 2
--suppress_de_novo_chimera_detection

pick_rep_set.py -f seqs.fna -i usearch_picked_otus/segs_otus.txt -m most_abundant

align_seqs.py -i segs.fna_rep_set.fasta -m muscle

make_phylogeny.py -i muscle_aligned/seqs.fna_rep_set_aligned.fasta -o rep_phylo.tre

assign_taxonomy.py -i segs.fna_rep_set.fasta -mrdp -c 0.5

make_otu_table.py -i usearch_picked_otus/seqs_otus.txt -t

rdp_assigned_taxonomy/segs.fna_rep_set_tax_assignments.txt -o otu_table.biom

biom summarize-table -i otu_table.biom -0 reads_per_sample.txt

make_otu_heatmap_html.py -i otu_table.biom -0 otus/OTU_Heatmap/ -n 1 -m MAP.txt

summarize_taxa.py -i otu_table.biom -o wf_taxa_summary/

plot_taxa_summary.py -i wf_taxa_summary/otu_table_L5.txt -| Family -0 graph_family -c bar --
include_html_counts

multiple_rarefactions.py -i otu_table.biom -0 wf_arare/rarefaction/ --min 20 ~max 5000 --num-reps 40 --step 20

alpha_diversity.py -i wf_arare/rarefaction/ -m chao1,PD_whole_tree,observed_species,shannon -0

wf_arare/alpha_div/ -t rep_phylo.tre

Matsuki T.t, Yahagi K.©,&Mori H.t,

collate_alpha.py -i wf_arare/alpha_div/ -o wf_arare/alpha_div_collated/ etal, Nature Commun., 2016



http://metagenomics.anl.gov/

upload @& download analyze 0l

hosted at
.4 THE UNIVERSITY OF

&/ CHICAGO
and
Argo n ne é Turn your raw sequence into analyzed data.

NATIONAL LABORATORY ®
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VITCOMIC2

Home
VITCOMIC2
Comparison

VITCOMICA

VITCOMIC2 is a visualization tool for the phylogenetic composition of microbial communities based on 16S rRNA gene
amplicons and metagenomic shotgun sequencing.

Try VITCOMIC2

Metagenome/16S rRNA gene Amplicon Sequencing FASTA/FASTQ file:  ®R.. 77/ LpBRENTVEEA.
File format: @ FASTA flat - FASTQ flat - FASTA gzipped © FASTQ gzipped

Conduct 16S rRNA gene Copy number normalization?: @ No ~ Yes

Conduct 16S rRNA gene Assembly? (Shotgun metagenome only): @ No ~ Yes

ID: | (use [A-Za-z0-9-_])
Email: |
upload&calculate | clear |
How to use
1. Input data

Both of a FASTA/FASTQ file and gzipped FASTA/FASTQ file are acceptable for the input data in the VITCOMIC2.
Example of a 16S rBRNA gene Amplicon sequencing FASTA file from Turnbaugh et al 2009 and a shotgun metagenomic
sequencing FASTQ.gz file from Nakamura et al 2016.
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Metagenomic sequencing analysis
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J

Gene Function abundance

Samplel

Metadata i
Comparative

Pathway abundance
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Pathway reconstruction
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Next Generation Sequencer (NGS) (T—AR[EB &HEHINTT)

Sequencer Name | Specific Read length | Read number /
property (base)

ABI 3730xI Sanger 500-1000

lon Proton Emulsion PCR 200 80,000,000
MiSeq Bridge PCR 300 30,000,000
454 GS FLX+ Emulsion PCR 700-1,000 1,000,000
HiSeq 2500/4000 Bridge PCR 150 or 250  ~3,200,000,000
PacBio RS Il / Single molecule  >7,000 >50,000
Sequel

MinION Single molecule  >#kb >10,000
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BRIZIGCI=N\—F O 7 DARYIDEE

[R4% B8 A3/ L Transcriptome 7 27 )L
BICEEG/N—KDT: AE!)-CPU

- BEREMDT /LTEVTIL B+HGBAE! (50GB HiIE+4). 1CPU #1a7

* Transcriptome 727 )L § MDHiSeqD')—F 1{&Epairs’E ., 120GBHNIX+ 5
(5 2 [XTrinityZL 5. 100H pairs[CDE1GBAEY N B &)
(https://github.com/trinityrnaseq/trinityrnaseq/wiki/)
s AT/ LDT VT IV B BEMGERGOREZREYMDOT 2T L EEFR
HENSZHRGIEE. RED)—FHIBETHY.
HEGB-HMTBARMNMELRGZELHLH, THITLL

- EREYOT/LTEOTIVL T/ LHA4X EndbL heteroh, FITIKET S
H+GB-BTBAEY . +H a7 LI L

WIE<EBH100GBULED AR ZDB/ELNE, 7T ILIFFEL
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IRFEDnriEF DBLASTXAOBLASTPIZ., di 5L L THE T O R T5GBIXRE AT F
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BRIZIHCIzN—F IO 7 DARYIDE R
IvET U Y—ILTDReference’7 / LADIVEDD
WFICEEGN—FDIT: T4RY
- Resequencing, RNA-Seq, ChIP-Seqfi#TIZ B (TH<vELS
)—RDT ) L~ADIVEVT IEIEETAEYERZLDE,

FEEBEDSAMI7AILOBAM I 74 L+ S BEGBIZEH->T=UT 5,
samtoolsZF TsortLT=W T 5E. TDRMEDT7AILHMA[{EE TE 5,

IVEV T EHEBEICTHDEL, TARIIEDEEHTHTBIINE
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Cell Host & Microbe

Backhed F. et al 20150)
AdaysDMERDIY T ILE

Dynamics and Stabilization of the Human Gut 10075 pairl=
Microbiome during the First Year of Life

Graphical Abstract
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Highlights
e Gut microbiomes of 98 mothers and their infants during the
first year of life was assessed

T TG L=T—43
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Fredrik Backhed, Josefine Roswall, ...,
Jovanna Dahlgren, Jun Wang
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fredrik.backhed@wlab.gu.se (F.B.),
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https://2017-ucsc-metagenomics.readthedocs.io/en/latest/
2017 Metagenomics workshop at UC Santa Cruz{]

Instructors: Harriet Alexander, Phillip Brooks, and C. Titus Brown
TAs: Luiz Irber, Shannon Joslin, Taylor Reiter

These are the online materials for a metagenomics workshop hosted by Marilou Sison-Mangus at UC Santa Cruz

Etherpad
Day 1: Noon to 5pm{]

Logging into the cloud (XSEDE Jetstream)

Evaluating your short-read data set quality

Assembling your short read data set with MEGAHIT

Day 2: Morning (9am - noon){|

Software install for day 2

Binning genomes out of your metagenome

Quickly searching and comparing your samples with sourmash

Day 2: Afternoon (1:15pm - 5pm){]

Annotating your short-read data set with Prokka

Quantifying abundance across samples with Salmon
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A brief discussion of workflows & repeatability
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https://jp.illumina.com/content/dam/illumina-
marketing/apac/japan/documents/pdf/2013 il
umina_techsupport_session16.pdf
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(https://github.com/tseemann/prokka/blob/master/README.md)
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NCBI Taxonomy +
SRA

https://www.ncbi.nlm.ni
h.gov/Taxonomy/

GOLD
https://gold.jgi.doe.gov/

IMG/M
https://img.jgi.doe.gov/c
gi-bin/m/main.cgi

MG-RAST

http://metagenomics.an
l.gov/index.html

EBI-Metagenomics
https://www.ebi.ac.uk/
metagenomics/

MicrobeDB.jp
http://microbedb.jp
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MG-RAST v.3 Pipeline

ftp://ftp.metagenomics.anl.gov/data
/manual/mg-rast-manual.pdf
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Preprocessing: SolexaQA (Average QV, Length, N, 3’ Trim)

Metagenome or Amplicon: Calculate Shannon entropy of first 20 sequence in reads

Dereplication and DRISEE: Identify duplicate in which first 50 bp identical reads >20 times

Screening: Bowtie2 against specified organism genome to remove host genome

Gene Calling: FragGeneScan (>75 bp)

AA Clustering: UCLUST (AA Identity 90%, representative sequence is the longest one)

Protein Identification: sBLAT (OpenMP parallelzation) against M5nr (GenBank, SEED, IMG,
UniProt, KEGG, eggNOG)

Annotation Mapping: SEED Subsystems, IMG terms, COG, eggNOGs, GO

Abundance Profiles: E-value, Identity, Alignment length can be specified

rRNA pipeline

BLAT search against 90% clustered SILVA. Identified reads are then clustered at 97% identity.
Longest sequence is the representative of the cluster. BLAT searched against the M5rna
(SILVA, Greengenes, RDP)



