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Application Note: Seguencing
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\CACTTCTGTTAACCTTAAGATTACTTGATCCACTGATTCAACGTACCGTAACGAACGTATCAATTGAGACTAAATATTAACGTACCATTAAGAGCTACCGTCTTCTGTTAACCTTAAGATTACT]
ACG TATCAT TAAGAT TACTTGATCCACTGATTCAACGTACCGTAACGAACGTATCAAT TGAGACTAAATAT TAACG TACCAT TAAGAGC TACCGTGCAACGACGAAAAGAATGATAACAGTAAC
ACAGTAACACACTTCTGTTAACCT TAAGAT TACTTGATCCACTGAT 1 CAACG TACCGTAAAGAT TACT TGATCCAC TGATTCAACG TACCGTAACGAACG TATCAAT TGAGAC TAAATAT TAACK
ACCGTGCAACAGTAACACACTTCTGTTAACCTTAAGATTACTTGATCCACTGATTCAACGTACCGTAACGAACGTATCAATTGAGACTAAATAT TAACGTACCAT TAAGAGCTACCGTGCAAC
N AT T TRT TAAC T TAAGAT TAC T TGATCCACTGATTCAACGTACOATAACGAACGTATCAAT TRAGACTAAATATTAACGTACCATTAAGAGCTACCATOTTOTATTAACCTTAAGATTACT
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Primers for paired-end 16s community sequencing on the
%4%&9&88RHiSeq platform using bacteria/archaeal primer

Field number (space-delimited), description:
1, 5" Illumina adapter

7, Forward primer pad

3, Forward primer |linker

4, Forward primer

ALTGATACGGCGACCACCGAGATCTACAC TATGGTAATT GT GTGCCAGCMGCCGCGGTAA

2168 Golay barcoded reverse PCR primers. Each primer is followed by a barcode identifier

generated specifically for this set of primers.

Field number (space-delimited), description:
1, Reverse complement of 3’ [llumina adapter
7, Golay barcode

2, Reverse primer pad

4, Reverse primer |inker

5, Reverse primer

CAAGCAGAAGACGGCATACGAGAT TCCCTTGICTCC AGTCAGICAG CC GGACTACHYGGGTWTCTAAT
CAAGCAGAAGACGGCATACGAGAT ACGAGACTGATT AGTCAGICAG CC GGACTACHYGGGTWTCTAAT
CAAGCAGAAGACGGCATACGAGAT GCTGTACGGATT AGTCAGTCAG CC GGACTACHVGGGTWTCTAAT
CAAGCAGAAGACGGCATACGAGAT ATCACCAGGTGT AGTCAGTCAG CC GGACTACHVGGGTWTCTAAT
CAAGCAGAAGACGGCATACGAGAT TGGTCAACGATA AGTCAGTCAG CC GGACTACHYGGGTWTCTAAT
CAAGCAGAAGACGGCATACGAGAT ATCGCACAGTAA AGTCAGTCAG CC GGACTACHVGGGTWTCTAAT
CAAGCAGAAGACGGCATACGAGAT GTCGTGTAGCCT AGTCAGTCAG CC GGACTACHVGGGTWTCTAAT
CAAGCAGAAGACGGCATACGAGAT AGCGGAGGTTAG AGTCAGTCAG CC GGACTACHVGGGTWTCTAAT
CAAGCAGAAGACGGCATACGAGAT ATCCTTTGGTTC AGTCAGTCAG CC GGACTACHVGGGTWTCTAAT
CAAGCAGAAGACGGCATACGAGAT TACAGCGCATAC AGTCAGTCAG CC GGACTACHVGGGTWTCTAAT
CAAGCAGAAGACGGCATACGAGAT ACCGGTATGTAC AGTCAGTCAG CC GGACTACHVGGGTWTCTAAT
CAAGCAGAAGACGGCATACGAGAT AATTGTGTCGGA AGTCAGTCAG CC GGACTACHVGGGTWTCTAAT
CAAGCAGAAGACGGCATACGAGAT TGCATACACTGG AGTCAGTCAG CC GGACTACHVGGGTWTCTAAT

CAAGCAGAAGACGGCATACGAGAT AGCGTCTGAACT AGTCAGTCAG CC GGACTACHVGGGTWTCTAAT
CAAGCAGAAGACGGCATACGAGAT ATCGCGACTGCT AGTCAGTCAG CC GGACTACHYGGGTWTCTAAT
CAAGCAGAAGACGGCATACGAGAT TGGAGGTTCTCA AGTCAGTCAG CC GGACTACHVGGGTHTCTAAT
CAAGCAGAAGACGGCATACGAGAT TGCTTGTAGGCA AGTCAGTCAG CC GGACTACHVGGGTWTCTAAT
CAAGCAGAAGACGGCATACGAGAT CTTAAATGGGCA AGTCAGTCAG CC GGACTACHVGGGTWTCTAAT
CAAGCAGAAGACGGCATACGAGAT GGTATCACCCTG AGTCAGTCAG CC GGACTACHVGGGTWTCTAAT

CRACCACAACACTOCATACCACAT COCCTTOATAAT ACTOACTOAT O COACTACUWOCOTINTOTAAT

806 rchbcl
806 rcbel
806 rche?
806 rche3
806 rchcd
806 rcbch
806 rchbcb
806 rcbc?
806 rcbcs
806 rcbcd
806 rcbcll
806 rchcll
806rchcl2

806rcbc2157
806 rcbc2158
806 rcbc2159
806 rcbc2160
806rcbc2 161
806rcbc2162

ONE vl ~1102



LAALLALARLALLLLA | ALLALA T AuLLUBLLI AL ALTLALITLAL UL LLAL ALY LT AA ]
CAMGCAGAAGACGGCATACGAGAT ATCCTTTGGTTC AGTCAGTCAG CC GGACTACHVGGGTWTCTAAT
CAMGCAGAAGACGGCATACGAGAT TACAGCGCATAC AGTCAGTCAG CC GGACTACHVGGGTWTCTAAT
CAAGCAGAAGACGGCATACGAGAT ACCGGTATGTAC AGTCAGTCAG CC GGACTACHVGGGTWTCTAAT
CAAGCAGAAGACGGCATACGAGAT AATTGTGTCGGA AGTCAGTCAG CC GGACTACHYGGGTWTCTAAT
CAAGCAGAAGACGGCATACGAGAT TGCATACACTGG AGTCAGTCAG CC GGACTACHYGGGTWTCTAAT

CAAGCAGAAGACGGCATACGAGAT AGCGTCTGAACT AGTCAGTCAG CC GGACTACHYGGGTWTCTAAT
CAAGCAGAAGACGGCATACGAGAT ATCGCGACTGCT AGTCAGTCAG CC GGACTACHVGGGTHTCTAAT
CAAGCAGAAGACGGCATACGAGAT TGGAGGTTCTCA AGTCAGTCAG CC GGACTACHVGGGTWTCTAAT
CAAGCAGAAGACGGCATACGAGAT TGCTTGTAGGCA AGTCAGTCAG CC GGACTACHVGGGTWTCTAAT
CAAGCAGAAGACGGCATACGAGAT CTTABATGGGCA AGTCAGTCAG CC GGACTACHVGGGTWTCTAAT
CAAGCAGAAGACGGCATACGAGAT GGTATCACCCTG AGTCAGTCAG CC GGACTACHVGGGTWTCTAAT
CAAGCAGAAGACGGCATACGAGAT CGCCTTGATAAG AGTCAGTCAG CC GGACTACHVGGGTHTCTAAT
CAAGCAGAAGACGGCATACGAGAT CGTTTATCCGTT AGTCAGTCAG CC GGACTACHVGGGTWTCTAAT
CAAGCAGAAGACGGCATACGAGAT TTGTACTCACTC AGTCAGTCAG CC GGACTACHVGGGTWTCTAAT
CAAGCAGAAGACGGCATACGAGAT TTCCCACCCATT AGTCAGTCAG CC GGACTACHVGGGTWTCTAAT
CAAGCAGAAGACGGCATACGAGAT GCCGCATTCGAT AGTCAGTCAG CC GGACTACHVGGGTWTCTAAT

Field number (space-delimited), description:
1, Forward primer pad

2, Forward primer |irker

3, Forward primer

TATGGTAATT GT GTGCCAGCMGCCGCGGTAA

Field nunber (space-delimited), description:
1, Reverse primer pad

2, Reverse primer |irker

3, Reverse primer

AGTCAGTCAG CC GGACTACHVGGGTWTCTAAT

Field number (space-delimited), description:
1, RC of reverse primer

1, RC of reverse primer |irker

1, RC of reverse primer pad

ATTAGAWACCCBOGTAGTCC GG CTGACTGACT

SUDrCDC
806 rchc8
806 rcbcd
806 rchcll
806 rchcll
806 rchclZ

806rcbc2157
806 rcbc2158
806 rcbc2159
806 rcbc2160
808rchbc2161
808rchc2162
806 rchbc2163
806 rcbc2164
806 rcbc2165
808 rchbc2166
808rcbc2167
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Run Folder: F:\121030MiSeqdata-backup\MiSegAnalysis\120525_MO00700_0008_A000000000-A1065 Browse Refresh

Analysis | Imaging | Summary | Tile Status | TruSeq Controls | Indexing |

Run Summary

Yield Total Projected Total Yield Yield Perfect Yield <=3 errors Aligned % Perfect % <=3 emmors Error Rate Intensity % Intensity

Level (G) (G) (G) (G) {%)  [NumCycles] [Num Cycles] (%) Cycle1 Cycle20 °>=Q30

Read 1 05 0.5 0.2 0.3 50.19 68.1[150] 97.2 [150] 0.58 892 98.9 82.0

Read2(l) 0.0 0.0 0.0 0.0 0.00 0.0 [11] 0.0[11] 0.00 635 0.0 328

Read 3 05 0.5 0.2 03 49.02 64.4 [150] 96.3 [150] 0.73 723 773 842

Total 1.1 1.1 0.4 05 49.60 66.2 96.8 0.66 750 881 812

Read 1

Lane | Thes Density Cluster PF Phas/Prephas  Reads Reads PF 5% >= Q30 Yield Cycles Aligned Error Rate Error Rate Error Rate Error Rate Intensity % Intensity

L (K/mma2) (%) (%) (M) (M) - (G) Err Rated (%) (%) 35 cycle (%) 75 cycle (%) 100 cycle (%) Cycle 1 Cycle 20

1 12 450 +/- § 0359 +/-0.40 0.123/0.438 389 364 820 05 150 502 +/-04 058+/-004 025+/-006 023+/-003 028+/-003 892 +/- 22 08.9+/-25

Read 2 (1)

Lane | Ties Density Cluster PF Phas/Prephas Reads Reads PF % »= Q30 Yield Cycles Aligned Error Rate Error Rate Error Rate Error Rate Intensity % Intensity
(K/mm2) (%) (%) (M) (M) ! (G) Err Rated (%) (%) 35 cycle (%) 75 cycle (%) 100 cycle (%) Cycle 1 Cycle 20

1 12 4590 +/- 6 9359 +/-0.40 0.074/D.136 389 3.64 328 0.0 1] 0.0 +/-00 0.00+/-000 0.00+/-000 000+/-000 0.00+/-0.00 635 +/- 21 0.0 +/- 0.0

Read 3

Lane | Ties Density Cluster PF Phas/Prephas  Reads Reads PF % >= Q30 Yield Cycles Aligned Error Rate Error Rate Error Rate Error Rate Intensity % Intensity
(K/mma2) (%) (%) (M) (M) N (G) Err Rated (%) (%) 35 cycle (%) 75 cycle (%) 100 cycle (%) Cycle 1 Cycle 20

1 12 459 +/- 6 9359 +/-0.40  0.285/0.323 389 3.64 842 05 150 490+/-05 073+-004 044+/-008 045+/-005 051+/-0.04 723 +1-13 T1.3+-12

Copy to Clipboard... Generate IVC Plots...




Tllumina

| Analysis | Imaging | Summary | Tile Status | TruSeq Controls | Indexing

Run Summary

Yield Total
(G)

0.5

Level

Read 1
Read 2 (I)
Read 3

0.0
0.5

Total 1.1

Read 1

Density
(K/mm2)

459 +/- 6

Lane Tiles

1 12

Read 2 (1)

Density
(K/mm2)

450 +/-6

Lane Tiles

1 12

Read 3

Density
(K/mm2)

459 +/- 6

Lane Tiles

1 12

Projected Total Yield Yield Perfect

(G)
05
0.0
05
11

Cluster PF
(%)

93.59 +/-0.40

Cluster PF
(%)

93.598 +/-0.40

Cluster PF
(%)

93.59 +/-0.40

G)
02 03
00 0.0
02 03
04 0.5
Phas/Prephas Reads
(%) (M)
0.12370.438 389
Phas/Prephas Reads
(%) (M)
0.074/0136 389
Phas/Prephas  Reads
(%) (M)
0285/0323 389

Yield <=3 errors

(G)

Reads PF
(M)

Reads PF
(M)

3.64

Reads PF
(M)

364

Aligned % Perfect % <=3 errors Emor Rate Intensity % Intensity
(%) [Mum Cycles] [Mum Cycles] (%) Cycle 1 Cycle 20
50.19 68.1 [150] a7.2 [150] 0.58 892 989
0.00 0.0[11] 0.0[11] 0.00 635 0.0
49.02 64.4 [150] 96.3 [150] 0.73 723 773
49.60 66.2 96.8 0.66 750 88.1
% >= Q30 Yield Cycles Aligned Error Rate Error Rate
1G) Err Rated (%) (%) 35 cycle (%)
82.0 0.5 150 502+/-04 058+/-004 025+-006
% 5= Q30 Yield Cycles Aligned Error Rate Error Rate
(G) Err Rated (%) (%) 35 cycle (%)
328 00 0 0.0+-00 0.00 +/-0.00 0.00+/-0.00
% 5= Q30 Yield Cycles Aligned Error Rate Error Rate
(G)  Err Rated (%) (%) 35 cycle (%)
842 0.5 150 490+-05 073+-004 044+-008

Run Folder: F:1121030MiSeqdata-backup\MiSegAnalysis\120525_M00700_0008_A000000000-A1065

% >= Q30

820
328
842
812

Error Rate
75 cycle (%)

0.23 +/-0.03

Error Rate
75 cycle (%)

0.00 +/- 0.00

Emor Rate
75 cycle (%)

0.45 +/-0.05

Error Rate Intensity
100 cycle (%) Cycle 1
028 +/- 003 892 +- 22

Error Rate Intensity
100 cycle (%) Cycle 1
0.00 +/- 0.00 635 +- 21

Error Rate Intensity
100 cycle (%) Cycle 1
0.51 +/- 0.04 723 +-13

% Intensity
Cycle 20

98.9 +-25

% Intensity
Cycle 20

0.0 +-0.0

% Intensity
Cycle 20

77.3+-12
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Fastg-join web site

http://code.google.com/p/ea-utils/wiki/Fastgloin
e ———

ag_ |-" tp.  feode. googhe.comn, 3/ @a-Utils fwiki Fastqdoin O=X| ¥ | Al
)

IrALF) WEE) BRN) BWCADA) Y—ILT) ~LT(H)
My favariles w | Sign in

ea-utils
Search prajects

FASTQ processing uliliies

Project Home  Downloads Wiki |ssues Source
Search | Cumentpages  [=|for Search
FastgJoin

Upasied Jan 17, 2012 by §ames  Sigeat o

(8514001 © marge ovsiapaing fared-and reads

Usage

usage: fastg-join [options] <readl.fg- <read?.fg- [mate.fq] -o <read.x.fg-

Joins two paired-end reads on the owerlapping ends.

Options:

o FIL See 'Output’ below
v C
PN

-m N N-ii i overlap (6)
-r FIL Verbose stitch length report

2 files probe id's match up to char C
rina reads

rence (,20)

i

Qubputs

. for unl, un2, join files, or one
The suffix 'undl, wn2, o join' is
or they replace  %-character if present.

barcode read}, then the

If a 'mate’ dinput file is present
‘'un3® and "join2" are also created

&5 i
read/written as

are assumed to be compressed, and cam be
g as “gzip’ 1= in the path.

Etc
Thes uses aur sqridistance Men for anchored alignment quality zigariihm. I's 8 good measure of anchored alignment guaity, akia (in my mind) 12
squared-deviation for means

Commeni by marint... @amal. cem, Feb 7, 2012

Thank you for wriling ihis pregram, althowgh Ehis field is in developmend the competition is always present here a few fhings o think about { English

wiw cbeb umd edulsofiware/Mashd mergePairs py hilp: ficode googhe com/pistandandized

méght bia poor. my apolegies | Existng softwars:

hitps figithub . comiaudyiatitch fasig-join FLASH hit

i
T

Stiich
gl

pythan based(relatively slow):
mergeFairs.py Stitch

C basedifast) FLASH rastg-join

although there is no real comparison of ihe diffent programs and how they handle adapter sequancing it might be intrestng to cempare the diffarent
programs. Uzing he FLASH simulated reads on this foal 8nd adding simulated sdapler sequancas 2

PLFDESICSIALTIELLVREEHY

Citing:
Erik Aronesty (2011). ea-utils : "Command-line tools for processing biological

sequencing data"; http://code.google.com/p/ea-utils
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FastgJoin

fastg-join - merge overlapping paired-end reads

Usage

Usage: fastqg-join [options] <readl.fq> <read2.fqg- [mate.fql -o <read.%.fg>

Joins two paired-end reads on the overlapping ends.

Options:

-0 FIL See 'Output’' below

-v C Verifies that the 2 files probe id's match up to char C
use '/' for ITlumina reads

-p N N-percent maximum difference (.20)

-m N N-minimum overlap (6

-r FIL Verbose stitch length report

Output:

You can supply 3 -o arguments, for unl, un2, join files, or one
argument as a file name template. The suffix ‘unl, un2, or join' 1is
appended to the file, or they replace a %-character if present.

If a 'mate’ 1nput file 1is present (barcode read), then the files

'un3’ and "join2' are also created.

Files named ".gz" are assumed to be compressed, and can be
read/written as long as "gzip” is in the path.

Etc

Updated Jan 17, 2012 by esrone. . @amail com

This uses our sqgr(distance)/len for anchored alignment quality algorithm. It's a good measure of anchored alignment quality, akin (in my mind) to

squared-deviation for means.

Comment by martijnt... @agmail.com, Feb 7, 2012

Thank you for writing this program, although this field is in development the competition is always present here a few things to think about ( Englisk

might be poor, my apologies ): Existing software:
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Microbiota composition
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Microbiota composition at phylum level
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QIIMERZ 7 1 LA DA
1. fastgh\SfastaNT 7 7 IVER = E iR

2. fastaZ 71 IVARAD Y —5 >V 22 %= T

MiseqD)' 5 Doutput(fastaZS FA1E)

>M00752:12:000000000-A2F5C:1:1106:21667:6702 1:N:0:1
TGGCATTCAAGGTGATGTGCTTGCTACCGATAACAATACTGTAGGCATGGGTGATGCTGGTATTAAATCTGCCAT TCAAGGCTCTAATGT TCCTAACCCTGATGAGGCCGTCCCTAGTTTT
>M00752:12:000000000-A2F5C:1:1106:5074:10091 1:N:0: 1

TTTAGGGTCGGCATCAAAAGCAATATCA

ATCATGGCGACCATCCAAAGGATAAACATCATAGGCAGTCGGGAGGGTAGTCGGAACCGAAGAAGACT
>M00752:12:000000000-A2F5C:1:1109:7833:13253 1:N:0:1
CACTCCGTGGACAGATTTGTCATTGTGAGCATTTTCATCCCGAAGT TGCGGCTCATTCTGATTCTGAACAGCT TCTTGGGAAGTAGCGACAGCTTGGTTTTTAGTGAGTTGTTCCATTCTT

QIIME M T MDfasta”) 71 I

>101_1

I%ﬁ%ﬁ;TCMGGTGATGTG)TTGCTAUJGATMCMTACTGTA(HTATGI:‘TG&TUJTGGTATTAAATCTGCCATTCAA(HJTCTAATGTT(IITMCCCTGATGAGGCCGTCCCTAGTTTT
ﬂg?TgIBACCATM%TMT%TMTWTMTWETWMMWTMIMTM&MTM&
CACTCCGTGGACAGATTTGTCATTGTGAGCATTTTCATCCCGAAGT TGCGGCTCATTCTGATTCTGAACAGCTTCTTGGGAAGTAGCGACAGCTTGGTTTTTAGTGAGTTGTTCCATTCTT
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QIIME Virtual Box

What is the QIIME Virtual Box?

Because of the ‘pipeling’ nature of QIIME, there are many external dependencies and installation can therefore be a challenge. The QIIME Virtual Box should get around that
problem, and is a fully functional environment for analyzing microbial community surveys and visualizing results.

The QIIME Virtual Box is a virtual machine based on Ubuntu Linux which comes pre-packaged with QIIME’s dependencies. This is the fastest way to get up-and-running with
QIIME, and Is useful for small analyses (approximately up to a full 454 run); and testing QIIME to determine If it meets your needs before investing time in installing it, for
exampile, in your cluster environment.

Installing the QIIME Virtual Box

1. Download and install the \ittualBaox L&Eiversion for your machine.

2. Download the 64-bit QIIME Virlual Box. This file is large so it may lake between a few minutes and a few hours depending on your Intemet connection speed. You will
need to unzipmcalw do by double-clicking on it.

3. Create a new virtual machine

» Launch VirtualBox, and create a new machine (press the New button)

« A new window will show up. Click ‘Next'.

= Inthis screen type QIIME as the name for the virtual machine. Then select Linux as the Operating System, and Ubuntu (64 bit) as the version. Click Next.

« Select the amount of RAM (memoary). You will need at least 3G, but the best option is based on your machine. After selecting the amount of RAM, click
Next

- Select “Use existing hard drive”, and click the folder icon next to the selector (it has a green up arrow). In the new window click ‘Add’, and locate the virtual
hard drive thal was downloaded in step 2. Click Select and then click Next

« Inthe new window click Finish.

4. Double click on the new virtual machine created — it will be called QIIME — to boot it for the first time.
5. Review any messages that are shown, and select whatever options are best for you.

6. When your new virtual machine boots, you will see a folder on the Desktop called ‘Before_you_start’. Double click on that folder to open it, and then double click on the
‘Welcome' file in that foider. This will get you started with using your QIIME virtual box.

VirtualBox help video

Avideo lllustrating these steps can be found here
L]

QIIME VB and CloVR

As of the QIIME 1.2.0 release, the QIIME VB and EC2 images are bullt using CloVR. ClovR provides a platform for buliding portable virual machines. The platform
automates builds in formats compatible with VirtualBox, Wiiware, and Clouds, including Amazon EC2. The CloVR developer pages have more information on the platiorm
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QIIME Virtual Box

What is the QIIME Virtual Box?

Because of the ‘pipeling’ nature of QIIME, there are many external dependencies and installation can therefore be a challenge. The QIIME Virtual Box should get around that
problem, and is a fully functional environment for analyzing microbial community surveys and visualizing results.

The QIIME Virtual Box is a virtual machine based on Ubuntu Linux which comes pre-packaged with QIIME’s dependencies. This is the fastest way to get up-and-running with
QIIME, and Is useful for small analyses (approximately up to a full 454 run); and testing QIIME to determine If it meets your needs before investing time in installing it, for
exampile, in your cluster environment.

Installing the QIIME Virtual Box

1. Download and install the \ittualBaox L&Eiversion for your machine.

2. Download the 64-bit QIIME Virlual Box. This file is large so it may lake between a few minutes and a few hours depending on your Intemet connection speed. You will
need to unzipmcalw do by double-clicking on it.

3. Create a new virtual machine

» Launch VirtualBox, and create a new machine (press the New button)

« A new window will show up. Click ‘Next'.

= Inthis screen type QIIME as the name for the virtual machine. Then select Linux as the Operating System, and Ubuntu (64 bit) as the version. Click Next.

« Select the amount of RAM (memoary). You will need at least 3G, but the best option is based on your machine. After selecting the amount of RAM, click
Next

- Select “Use existing hard drive”, and click the folder icon next to the selector (it has a green up arrow). In the new window click ‘Add’, and locate the virtual
hard drive thal was downloaded in step 2. Click Select and then click Next

« Inthe new window click Finish.

4. Double click on the new virtual machine created — it will be called QIIME — to boot it for the first time.
5. Review any messages that are shown, and select whatever options are best for you.

6. When your new virtual machine boots, you will see a folder on the Desktop called ‘Before_you_start’. Double click on that folder to open it, and then double click on the
‘Welcome' file in that foider. This will get you started with using your QIIME virtual box.

VirtualBox help video

Avideo lllustrating these steps can be found here
L]

QIIME VB and CloVR

As of the QIIME 1.2.0 release, the QIIME VB and EC2 images are bullt using CloVR. ClovR provides a platform for buliding portable virual machines. The platform
automates builds in formats compatible with VirtualBox, Wiiware, and Clouds, including Amazon EC2. The CloVR developer pages have more information on the platiorm
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QIIME Overview Tutorial: de novo OTU picking and diversity analyses

Introduction

Introduction

Essential Files
Sequences (_fna)
Quality Scores

(.qual)
Mapping Flle (Tab-
delimited .t<t)

Check Mapping File
Assign Samples to
Multiplex Reads
Picking Operational
Taxenomic Units (OTUs)
through making OTU
table
Step 1. Pick OTUs
based on Seguence
Similarity within the
Reads
Slep 2. Pick
Representative
Sequances for aach
aTu
Step 3. Assign
Taxonomy
Slep 4. Align OTU
Sequences
Slep 5. Filter
Alignment
Step 6. Make
Phylogenatic Tree
Step 7. Make OTU
Tabla
View statistics of the OTU
table
Make OTU Heatmap
Make OTU Netwaork
Summarize Communities
by Taxenomic
‘Composition
Compute Alpha Diversity
within the Samples and
Generate Rarefaction
Curves
Step 1. Rarify OTU
Table
Slep 2. Compule
Alpha Diversity
Step 3. Collate
Rarified OTU Tables

This tutarial explains how to use the QIIME (Quantitative Insights Into Microbial Ecology) Pipeline fo process data from high-throughput 165 rRNA sequencing studies. If you
have not already installed glime, please see the section Installing Qime first. The purpose of this pipeline is to provide a start-to-finish workflow, beginning with multiplexed
sequence reads and finishing with taxonomic and phylogenetic profiles and comparisons of the samples in the study. With this information in hand. it is possible to determine
biclogical and environmental factors that alter microblal community ecology In your experiment

As an example, we will use data from a study of the response of mouse gut microbial communities to fasting (Crawford et al., 2009). To make this tutorial run quickly on a
personal computer, we will use a subset of the data generated from 5 animals kept on the control ad libitum fed diet, and 4 animals fasted for 24 hours before sacrifice. Al the
end of our tutorial, we will be able to compare the community structure of control vs. fasted animals. In particular, we will be able to compare taxonomic profiles for each
sample type, differences in diversity metrics within the samples and between the groups, and perform comparative clustering analysis to look for overall differences in the
samples.

In this walkthrough, text like the following:

print giime config.py

denoctes the command-ine invocation of scripts. You can find full usage information for each script by passing the -h option (help) andfor by reading the full description in the
Documentation. Execute all tutorial commands from within the giime_tutorial directory, which can be downloaded from here: QIIME Tutorial flles.

To process our data, we will perform the following analyses, each of which is described in more detail below:

« Filter the DNA sequence reads for quality and assign multiplexed reads to starting samples by nucleotide barcode .

- Pick Operational Taxonomic Units (OTUs) based on sequence similarity within the reads, and pick a representative sequence from each OTU.

« Assign the OTU to a taxonomic identity using reference databases.

« Align the OTU sequences and create a phylogenetic tree

« Calculate diversity metrics for each sample and compare the types of communities, using the taxonomic and phylogenetic assignments.

= Generate UPGMA and PCoA plots to visually depict the differences between the samples, and dynamically work with these graphs 1o generate publication quality
figures.

Essential Files
All the files you will need for this tutcrial are here (ftp:/fthebeast.colorado.edw/pub/QIIME-v1.5.0-dependencies/giime_tutorial-v1.5.0.zip). Descriptions of these files are below.

Sequences (.fna)

This is the 454-machine generated FASTA file. Using the Amplicon processing software on the 454 FLX standard, each region of the PTP plate will yield a fasta file of form
1.TCR.454Reads. fna, where “1" is replaced with the appropriate region number. For the purposes of this tutorial, we will use the fasta file Fasting_Example.fna.
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QIIME Overview Tutorial: de novo OTU picking and diversity analyses

Introduction

This tutorial explains how to use the QIIME (Quantitative Insights Into Microbial Ecology) Pipeline to process data from high-throughput 16S rRNA sequencing studies. If you
have not already installed giime, please see the section Installing Qiime first. The purpose of this pipeline is to provide a start-to-finish workflow, beginning with multiplexed
sequence reads and finishing with taxonomic and phylogenetic profiles and comparisons of the samples in the study. With this information in hand, it is possible to determine
biological and environmental factors that alter microbial community ecology in your experiment.

As an example, we will use data from a study of the response of mouse gut microbial communities to fasting (Crawford et al., 2009). To make this tutorial run quickly on a
personal computer, we will use a subset of the data generated from 5 animals kept on the control ad libitum fed diet, and 4 animals fasted for 24 hours before sacrifice. At the
end of our tutorial, we will be able to compare the community structure of control vs. fasted animals. In particular, we will be able to compare taxonomic profiles for each
sample type, differences in diversity metrics within the samples and between the groups, and perform comparative clustering analysis to look for overall differences in the
samples.

In this walkthrough, text like the following:

print giime config.py

denotes the command-line invocation of scripts. You can find full usage information for each script by passing the -h option (help) and/or by reading the full description in the
Documentation. Execute all tutorial commands from within the giime_tutorial directory, which can be downloaded from here: QIIME Tutorial files.

To process our data, we will perform the following analyses, each of which is described in more detail below:

- Filter the DNA sequence reads for quality and assign multiplexed reads to starting samples by nucleotide barcode .

= Pick Operational Taxonomic Units (OTUs) based on sequence similarity within the reads, and pick a representative sequence from each OTU

= Assign the OTU to a taxonomic identity using reference databases.

= Align the OTU sequences and create a phylogenetic tree.

= Calculate diversity metrics for each sample and compare the types of communities, using the taxonomic and phylogenetic assignments

= Generate UPGMA and PCoA plots to visually depict the differences between the samples, and dynamically work with these graphs to generate publication quality
figures.

Essential Files
All the files you will need for this tutorial are here {ﬂp:;‘-’thebeast.colorado.edufpub.iQIIr-.1E-v1 .S.D{lependencies-fqiime_tutoriaI-v1 .E.D.zip}. DESCI'iDtiOI‘IS of these files are below.

Sequences (.fna)

This is the 454-machine generated FASTA file. Using the Amplicon processing software on the 454 FLX standard, each region of the PTP plate will yield a fasta file of form
1.TCA.454Reads. fna, Where “1° is replaced with the appropriate region number. For the purposes of this tutorial, we will use the fasta file Fasting Example.fna.
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This tutarial explains how to use the QIIME (Quantitative Insights Into Microbial Ecology) Pipeline fo process data from high-throughput 165 rRNA sequencing studies. If you
have not already installed glime, please see the section Installing Qime first. The purpose of this pipeline is to provide a start-to-finish workflow, beginning with multiplexed
sequence reads and finishing with taxonomic and phylogenetic profiles and comparisons of the samples in the study. With this information in hand. it is possible to determine
biclogical and environmental factors that alter microblal community ecology In your experiment

As an example, we will use data from a study of the response of mouse gut microbial communities to fasting (Crawford et al., 2009). To make this tutorial run quickly on a
personal computer, we will use a subset of the data generated from 5 animals kept on the control ad libitum fed diet, and 4 animals fasted for 24 hours before sacrifice. Al the
end of our tutorial, we will be able to compare the community structure of control vs. fasted animals. In particular, we will be able to compare taxonomic profiles for each
sample type, differences in diversity metrics within the samples and between the groups, and perform comparative clustering analysis to look for overall differences in the
samples.

In this walkthrough, text like the following:

print giime config.py

denoctes the command-ine invocation of scripts. You can find full usage information for each script by passing the -h option (help) andfor by reading the full description in the
Documentation. Execute all tutorial commands from within the giime_tutorial directory, which can be downloaded from here: QIIME Tutorial flles.

To process our data, we will perform the following analyses, each of which is described in more detail below:

« Filter the DNA sequence reads for quality and assign multiplexed reads to starting samples by nucleotide barcode .

- Pick Operational Taxonomic Units (OTUs) based on sequence similarity within the reads, and pick a representative sequence from each OTU.

« Assign the OTU to a taxonomic identity using reference databases.

« Align the OTU sequences and create a phylogenetic tree

« Calculate diversity metrics for each sample and compare the types of communities, using the taxonomic and phylogenetic assignments.

= Generate UPGMA and PCoA plots to visually depict the differences between the samples, and dynamically work with these graphs 1o generate publication quality
figures.

Essential Files
All the files you will need for this tutcrial are here (ftp:/fthebeast.colorado.edw/pub/QIIME-v1.5.0-dependencies/giime_tutorial-v1.5.0.zip). Descriptions of these files are below.

Sequences (.fna)

This is the 454-machine generated FASTA file. Using the Amplicon processing software on the 454 FLX standard, each region of the PTP plate will yield a fasta file of form
1.TCR.454Reads. fna, where “1" is replaced with the appropriate region number. For the purposes of this tutorial, we will use the fasta file Fasting_Example.fna.



QIIMEEZHR DN

1. I3 7717)
- Sequences (.fna)
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+ Mapping File (Tab-delimited .txt)

2. Check Mapping File

check_id_map.py -m Map2 7 -7 JL& -0 mapping_output

4 . Picking Operational Taxonomic Units (OTUs) through making OTU table

pick_otus_through_otu_table.py -i split_library_output/seqs.fna -o otus

5. View statistics of the OTU table

per_library_stats.py -i otus/otu_table.biom

6. Summarize Communities by Taxonomic Composition

summarize_taxa_through_plots.py -i otus/otu_table.biom -o wf_taxa_summary -m MapZ 7 1 JL &

otu_table_L2.txt=Phylum
otu_table_L3.txt=Class

otu_table_L4.txt=Order
otu_table_L5.txt=Family
otu_table_L6.txt=Genus
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pick_otus_through_otu_table

Picking Operational Taxonomic Units (OTUs) through making OTU table

Here we will be running the pick_otus_through otu_table py workflow, which performs a series of small steps by calling a series of other scripts automatically. This workflow consists of the
following steps:

. Picking OTUs (for more information, refer to pick_otus.py)

. Picking a representative sequence set, one sequence from each OTU (for more information, refer to pick_rep_set py)

. Aligning the representative sequence set (for more information, refer to align_segs.py)

. Assigning taxonomy to the representative sequence set (for more information, refer to assign_taxonomy.py)

. Filtering the alignment prior to tree building - removing positions which are all gaps, or not useful for phylogenetic inference (for more information, refer to filter_alignment_py)
. Building a phylogenetic tree (for more information, refer to make_phylogeny_py)

. Building an OTU table (for more information, refer to make_otu_table py)

= N & W=

Using the output from split_libraries.py (the segs.fna file), run the following command:

pick otus through otu table.py -i split library output/segs.fna -o otus

[1lew statistics ¢
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+ Mapping File (Tab-delimited .txt)

2. Check Mapping File

check_id_map.py -m Map2 7 -7 JL& -0 mapping_output

4 . Picking Operational Taxonomic Units (OTUs) through making OTU table

pick_otus_through_otu_table.py -i split_library_output/seqs.fna -o otus

5. View statistics of the OTU table

per_library_stats.py -i otus/otu_table.biom

6. Summarize Communities by Taxonomic Composition

summarize_taxa_through_plots.py -i otus/otu_table.biom -o wf_taxa_summary -m MapZ 7 1 JL &

otu_table_L2.txt=Phylum
otu_table_L3.txt=Class

otu_table_L4.txt=Order
otu_table_L5.txt=Family
otu_table_L6.txt=Genus



per_library_stats.py -

Num samples: 9

Seqgs/sample summary:

Min: 146
Max: 150

Median: 148.0
Mean: 148.111111111

Std. devw

Median Absolute Deviation:
Default even sampling depth in
core_giime analyses.py (just a suggestion): 146

1.4487116456

Segs/sample detail:

.355z
.481:
.B36:
.354:
.635:
.983:
.607:
.356:
.634:

daaadd3aad

Siimmar

146
146
147
148
148
149
149
150
150

1.0

| 7 6

(
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2. Check Mapping File

check_id_map.py -m Map2 7 -7 JL& -0 mapping_output

4 . Picking Operational Taxonomic Units (OTUs) through making OTU table

pick_otus_through_otu_table.py -i split_library_output/seqs.fna -o otus

5. View statistics of the OTU table

per_library_stats.py -i otus/otu_table.biom

6. Summarize Communities by Taxonomic Composition

summarize_taxa_through_plots.py -i otus/otu_table.biom -o wf_taxa_summary -m MapZ 7 1 JL &

otu_table_L2.txt=Phylum
otu_table_L3.txt=Class

otu_table_L4.txt=Order
otu_table_L5.txt=Family
otu_table_L6.txt=Genus



onomic Composition

-0 wf_taxa_summary -m Map 2 7 1 JL#4

otu_table_L2.txt=Phylum
otu_table_L3.txt=Class
otu_table L4.txt=0Order
otu_table_L5.txt=Family
otu_table_L6.txt=Genus
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Make OTU Heatmap

The QIIME pipeline includes a very useful utility to generate images of the OTU table. The script is make_otu_heatmap _himl.py. Type:

make otu heatmap html.py -i otus/otu table.biom -o o

An html file is created in the directory otus/0TU_Heatmap/. You can open this file with any web browser, and will be prompted to enter a value for “Filter by Counts per
OTU". Only OTUs with total counts at or above this threshold will be displayed. The OTU heatmap displays raw OTU counts per sample, where the counts are colored based
on the contribution of each OTU to the total OTU count present in that sample (blue: contributes low percentage of OTUs to sample; red: contributes high percentage of
OTUs). Leave the filter value unchanged, and click the *“Sample 1D” button, and a graphic will be generated like the figure below. For each sample, you will see in a heatmap
the number of times each OTU was found in that sample. You can mouse over any individual count to get more information on the OTU (including taxonomic assignment).
Within the mouseover, there is a link for the terminal lineage assignment, so you can easily search Google for more information about that assignment.

aNm Mozilla Firefox -
Lo et
Filter by Counts per OTU: s Sample ID ) ( Taxonomy

e

E -sRRases R E R RSB FFRAR NN ARANNRAARRERRYE

PC 244
PC 344
PC )84
PC a1
FC )
PC 87
PC 624
PC 88
PC 524

oTw: 151
19/23 (82.8]1%) Sequences

SamplelD: PC.636
19101 (18.81%) Displayed




Make OTU Network

An alternative to viewing the OTU table as a heatmap is to create an OTU network, using the following command.:

make otu network.py —m Fasting Map.txt -i otus/ctu table.biom -o otus/OTU Netweork

To visualize the network, we use the Cytoscape program (which you can run by calling cytoscape from the command line — you may need to call this beginning either with a
capital or lowercase ‘C’ depending on your version of Cytoscape), where each red circle represents a sample and each white square represents an OTU. The lines represent
the OTUs present in a particular sample (blue for controls and green for fasting). For more information about opening the files in Cytoscape please refer to Making Cytoscape
Networks.

AMNnN real_edge_table xt




Compute Alpha Diversity within the Samples and Generate Rarefaction Curves

Community ecologists typically describe the microbial diversity within their study. This diversity can be assessed within a sample (alpha diversity) or between a collection of
samples (beta diversity). Here, we will determine the level of alpha diversity in our samples using a sefies of scripts from the QIIME pipeline. To perform this analysis, we will
use the alpha_rarefaction.py WOrkflow script. This script performs the following steps:

1. Generate rarefied OTU tables (for more information, refer to multiple_rarefactions.py)

2. Compute measures of alpha diversity for each rarefied OTU table (for more information, refer to alpha_diversity.py)
3. Collate alpha diversity results (for more information, refer to collate_alpha.py)

4. Generate alpha rarefaction plots (for more information, refer to make_rarefaction_plots. py)

Although we could run this workflow with the (sensible) default parameters, this provides an excellent opportunity to illustrate the use of custom parameters. To see what
measures of alpha diversity will be computed by default, type:

alpha diversity.py

You should see, among other information:

-m METRICS, -metrics=METRICS
Alpha-diversity metric(s) to use. A comma-separated
list should be provided when multiple metrics are
specified. [default:
PD whole tree,chaol,cbserved species]

to also use the shannon index, create a custom parameters file by typing:
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Compute Beta Diversity and Generate Beta Diversity Plots

Beta diversity represents the explicit comparison of microbial (or other) communities based on their composition. Beta-diversity metrics thus assess the differences between
microbial communities. The fundamental output of these comparisons is a square matrix where a “distance” or dissimilarity is calculated between every pair of community
samples, reflecting the dissimilarity between those samples. The data in this distance matrix can be visualized with analyses such as Principal Coordinate Analysis (PCoA)
and hierarchical clustering. Like alpha diversity, there are many possible metrics which can be calculated with the QIIME pipeline - the full list of options can be found here
beta diversity metrics. Here, we will calculate beta diversity between our 9 microbial communities using the default beta diversity metrics of weighted and unweighted unifrac,
which are phylogenetic measures used extensively in recent microbial community sequencing projects. To perform this analysis, we will use the
beta_diversity_through_plots.py workflow script. This script performs the following steps:

Rarify OTU table (for more information, refer to single_rarefaction.py)

Make preferences file (for more information, refer to make _prefs_file.py)

Compute Beta Diversity (for more information, refer to beta_diversity.py)

Generate Principal Coordinates (for more information, refer to principal_coordinates.py)
Generate 3D PCoA plots (for more information, refer to make_3d_plots.py)

Generate 2D PCoA plots (for more information, refer to make_2d_plots.py)

Make Distance Histograms (for more information, refer to make_distance_histograms._py)

NO O RN

To run the workflow, type the following command, which defines the input OTU table “-i” and tree file “-t" (from pick_otus_through_otu_table.py), the user-defined mapping file
“-m", the output directory “-0", and the number of sequences per sample (sequencing depth) as 146:

beta_diveIsity_thrc-ugh_plot.a.p}-‘ -i r:tus,-"'r:utu_table.bif.‘_wm -m Fasting Map.txt -o wf_bdiv_e*.-'enl‘ié-,-" -t otus/re ) set.tre -e 146
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Jackknifed Beta Diversity and Hierarchical Clustering

This workflow uses jackknife replicates to estimate the uncertainty in PCoA plots and hierarchical clustering of microbial communities. Many of the same concepts relevant to beta diversity
and PCoA are used here. For this analysis we use the script jackknifed_beta_diversity.py. which performs the following steps:

Compute the beta diversity distance matrix from the full OTU table (and tree, if applicable) (for more information, refer to beta_diversity py)

. Build UPGMA tree from full distance matrix; (for more information, refer to upgma_cluster.py)

Build rarefied OTU tables (for more information, refer to multiple_rarefactions.py)

Compute distance matrices for rarefied OTU tables (for more information, refer to beta_diversity.py) <../scripts/beta_diversity. him|>"_)

. Build UPGMA trees from rarefied distance matrices (for more information, refer to upgma_cluster.py)

. Compare rarefied UPGMA trees and determine jackknife support for tree nodes. (for more information, refer to tree_compare py and consensus_tree py)
. Compute principal coordinates on each rarefied distance matrix (for more information, refer to principal_coordinates.py)

. Compare rarefied principal coordinates plots from each rarefied distance matrix (for more information, refer to make_3d_plots py and make_2d_plots.py)

CO~Nm U B WN =

To run the analysis, type the following:

diversity.py -i otus/otu table.biom -t otus/rep set.tre -m Fasting Map.txt -o wf jack -e 110

Steps 1 and 2. UPGMA Clustering

Unweighted Pair Group Method with Arithmetic mean (UPGMA) is type of hierarchical clustering method using average linkage and can be used to interpret the distance matrix produced
by beta_diversity.py.

The output is a file that can be opened with tree viewing software, such as FigTree.
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Classification accuracy by query size

(Naive Bayesian Classifier)
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Classification accuracy by query size
(Naive Bayesian Classifier)
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FIG. 1. Overall classification accuracy by query size (exhaustive
leave-one-out testing using the Bergey corpus). Numbers are percent-
ages of tests correctly classified.

Wang, Q., et al., Appl. Environ. Microbiol. 2007, 73(16):5261



Difference of amplicon
between V1-2 region and V4 region

100.000 -

10.000 -

1.000 -

Relative Abundance (%)

0.100 -

ISME J. 2012 Nov;6(11):2033-44.



Classification accuracy rate for Bergey corpus with sequence segments
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FIG. 2. (A) Classification accuracy rate for the Bergey corpus with sequence segments of 100 bases, moving 25 bases a time. The gray bars on
the x axis define the hypervariable regions. The average classification accuracy rate at the genus level was 709% over all 100-base regions.
(B) Average bootstrap confidence estimate for each segment.
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