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> OVERVIEW

* INTRODUCTION TO THE DATASET (TODAY)

* DATA ANALYSES

B I OI N FO RMAT I CS + DEMULTIPLEXING (SDM) (TODAY)

* GENERATING AMPLICON SEQUENCE VARIANTS (DADA2) (WEDNESDAY /THURSDAY)
BIO990SMERG] - SPRING 2019 * CLUSTERING (VSEARCH) (WEDNESDAY /THURSDAY)
* ASSIGNING TAXONOMY (VSEARCH) (WEDNESDAY /THURSDAY)
* POST CLUSTERING CURATION (LULU) (THURSDAY /FRIDAY)

LUIS N. MORGADO

* ®

EXPERIMENTAL DESIGN , EXPERIMENTAL DESIGN

* Boreal forest age gradient from 2 to 245 years
* Sample = organic soil layer

* Nested sampling design (ca. 500 samples)

* 62 plots
* 8 subplots
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LAB SET-UP

* Sieving *96 tagged + 48 samples per
 Freeze drying « CTAB + CHCI3 R <scmpie|Based ==

. .
* grinding « DNA purification CRREY + commercial kit 5 pools per run
+ sub-sampling

* 300 bp PE
* 2 sequencing . )
*DNA[] runs 10 libraries

ca. 1 library ca. 3.2 M reads

41 M reads
* TAReuk454FWD1: CCAGCASCYGCGGTAATTCC

* TAReukREV 3: ACTTTCGTTCTTGATYRA

OVERVIEW ' DEMULTIPLEXING

* DATA ANALYSES * DEMULTIPLEXING SOFTWARE

DEMULTIPLEXING (SDM) (TODAY) + SIMPLE DEMULTIPLEXER (SDM): HTTP://PSBWEBO5.PSB.UGENT.BE/LOTUS/
GENERATING AMPLICON SEQUENCE VARIANTS (DADA2) (WEDNESDAY /THURSDAY) + CUTADAPT

CLUSTERING (VSEARCH) (WEDNESDAY,/THURSDAY) FASTX-Toolkit R ﬁ Microbiome
ASSIGNING TAXONOMY (VSEARCH) (WEDNESDAY /THURSDAY) QIME -

[soFTwaRe _______________________________OpenAccess]
POST CLUSTERING CURATION (LULU) (THURSDAY /FRIDAY) SOETWARE Open Access

LotuS: an efficient and user-friendly OTU
processing pipeline

Falk Hildebrand'?*, Raul Tadeo'?*’, Anita Yvonne Voigt™, Peer Bork* and Jeroen R




O

o

NS
DEMULTIPLEXING

©
SDM OVERVIEW
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GENERAL COMMAND TO RUN SDM v

FOR DEMULTIPLEXING R1 AND R2 INDEPENDENTLY

FOR A SINGLE LIBRARY

* SDM XX_R1.FASTQ, XX_R2.FASTQ MAP_XXX.TXT —OPTIONS XXX.TXT
SAVEDEMULTIPLEX 1 -SYNCREADPAIRS T -O_DEMULTIPLEX FOLDER_FOR_OUTPUT -LOG

FOR MULTIPLE LIBRARIES
* SDM -I_PATH -MAP
SAVEDEMULTIPLEX 1 -SYNCREADPAIRS F -O_DEMULTIPLEX
-LOG

-OPTIONS -PAIRED 2 -

-O_FASTQ

J &
C

O
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SDM INPUT OVERVIEW

(GMD5074:10100POOOOOD-BY9ID: 1:1101:16284: 1504 1:N:0:3
AATGCGGTTACTTTCOTTCT

ocT T

TeToCT TCTATCTTTTTTTCTTTT

~-A-AQ7FF7CFEFDIFFFGG9, CE9, CEFTE, ,C, , +6C, CEE, , EFG, C9F , GCFFFFGGEI<CFFBTF  :CEF  CEEE, EF9S
FOGGGG4E9BBCGFGFCFCFFODDFGFFFFOF6))/8)8) 1), (1) M
GM5074:101:008000000-8Y9ID: 1:1101:16702: 1610

ACOCGATACTTTCOTTCTTGAT:

INPUT

~8<B9+CTGEEGFTFFEFGI-CF9, 6C, CFEEF :,C, CCC:EFFOOFAF<, , EFED, <, , CFrE<H]

QMO5074:101:000000000-BY9ID: 1:1101:16629:1617 1:N:0:3
TACCATAACTTTCGTTCT TG0 GTTCGTCTTTCATAAATCCAAS

QOACOE--CEEFE; FFFFF9-CC, ,C, ,,, 6C, CEFFF, i, , C, 6EFGE767,B, ,CCCICFFFOF9FS, , 0809, , , , CEFAIF]
)70F oF4) <x = 77207>9(9(1(.20

= uclust only supports @ ambiguous nucleotides

#Barcode Errors - currently this can only be 6;
maxBarcodetrrs ©

#keep Barcode / Primer Sequence in the output fasts file - in a normal 165 snalysis this s
keepBarcodeSeq ©
keepprinerSea @

NS
DEMULTIPLEXING

D)

RUN SDM

Log in to abel...

Make a folder to host the data and the scripts

Mkdir raw_data

### Navigate to this folder

Cd raw_data

### Get the path to this folder

Pwd

#### Copy the fastq files and script for demutiplexing into that folder
cp -r /work/tmp/BIO9905MERG 1 /luisnm/data/* .

cp -r /work/tmp/BIO9905MERG 1 /luisnm /demult_scripts/* .
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RUN SDM DEMULTIPLEXING DEMULTIPLEXING
RUN SDM
* Load the software you need:

* Start a glogin session first
* Type: source /cluster/software/BIO9905 /set.Source . Lookanmareans
Test if SDM is working type: SDM

+ How many reads are kept per file
* Look at the options available SDM —help_options * And per sample

Run the demultiplexing with the option that | prepared
sdm -i_fastq ESTA_S2_L0O01_R1_001.Fastq,esla_s2_1001_r2_001.Fastq -map map_esla_abel.Txt -

options options_no_filters.xt -paired 2 -savedemultiplex 1 -syncreadpairs T -o_demultiplex demult_samp -
log demult_log.Txt

¢ Is it what we expecte

* If you want you can play with the options and check the output (create a separate folder for this)

Folder missing? Create a folder for the output file before the previous command

mkdir demult_samp

Amplicon Sequencing. Exactly.

Fast and accurate sample inference from amplicon data with single-
nucleotide resolution

sample

WHAT IS DADA2? sequences

It's an open-source software with an algorithm for modeling and correcting illumina-sequenced amplicon errors

) https://benjjneb.github.io/dada2/index.html

DADAZ2: High-resolution
sample inference from

Illumina amplicon data NATURE METHODS | VOL.13 NO.7 | JULY 2016 | 581
o \)




29.03.2019

. * HOW DOES IT WORK?
sample amplicon reads
sequences 1. It uses quality information to create an error model
2. The error model incorporates quantitative abundances

3. Runs an iterative process until it the algorithm conditions are satisfied

Errors

——l
DADA2

-4 DADA2 - DADA2

. Pairwise alignment (2 heuristic parameters) . Error model
* Kmer distances (default < 10% nucleotide missmatch) (KIDST_CUTOFF) * Errors occur idependently both within and between sequences
* banded alignment - net number of gaps between alignments (default few indels) (BAND_SIZE) * The error rate is a product of the transition probabilities between the L aligned nucleotides

¢ The transition probability between aligned nucleotides is allowed to depend on the original
nucleotide, substituting nucleotide, and associated quality score, for example, p(A—C, 35).

s: ATTAACGAGATTATAACCAGAGTACGAATA...

r: ATCAACGAGATTATAACAAGAGTACGAATA...

L

p(rls) = [ p(r()Is(0). a-(0). 2)
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Partition algorithm

1. Grouping unique sequences -> Dereplication with abundance + consensus profile
2. All unique sequences info 1 partion — most abundant as the center

* This step relies and quantifies the notion that sequence 1 is too abundant to 3. All unique sequences are then compared to the center of their partiton

3. Abundance p-value

A h o 4 . error rates are calculated and stored and
be explained by errors in amplicon sequencing taking into account the error

the abundance p-value is calculate for each unique sequence
rate. If the smallest p-value is below OMEGA_A a new partition is formed with the unique sequence with the
by . " A smallest p-value at the center.

The number of amplicon reads with sequence i that will be produced from sample

All unique sequences are compared to the center of the new partition.
sequence { is Poisson distributed with expectation equal to an error rate Aj

1. After a new partition is formed every unique sequence is allowed to join the partition most likely
multiplied by the expected reads of sample sequence " to have produced it (based on the highest expected number of that unique sequence)

3 Then there is an iteration in this procedure until all abundance p-values are greater than
OMEGA_A (i.e., all unique sequences are consistent with being produced by amplicon
sequencing the center of their partition)

1 0
—_— Z /'puL\(”J /\J,. a) . The composition of the sample is then the central sequences and the corresponding total
~ Ppois (”j /\ji ) 0) a=a; abundance.

DADA?2 ' DADA?2

5. Error model parametrization 6.

Estimation until consistency
* DADA2 depends on a parameterized error model, the 16 x 41 transition probabilities, for
example, p (A—C, 35), but if parameters are not known a priori then DADA2 can estimate them

* Alternates sample inference (conditional on the parameters of the error model) with parameter

estimation (conditional on the inferred sample composition) until convergence, at which point jointly

from the data. consistent estimates of the error parameters and sample composition are reported.

Error requency (g10)

‘Consensus qualty score




* not an error

Initial guess: one real sequence + errors Reject unlikely error under model. Recruit errors.

DADA2 algorithm cartoon

not an error

not an error

Reject more sequences under new model

DADA?2

What is the output?
* DADAZ2 outputs an amplicon sequence variants table (analog to an OTU table)

* But contains amplicon sequence variants, which reflect real biological variation of the data

ATTAACGAGATTATAACCAGAGTACGAATA. . . s Tl
equence Tables )
is a consistent label Cross-study comparison
i Lerge
OTUSS is not

Consistent labels Study 1
allow samples to be Study 2
independently processed

Study 3
Slides kindly provided by Benjarmin Callahan, not necessarily with pemission

DADA?2

¢ How is this different from other bioinformatic pipelines?

* Most pipelines do not correct for sequencing errors

Abundance Ranks only?
Sequence differences Ranks only?
Quality no

Error model

* WHY IS IT GOOD?2
* EXTENSIVE BENCHMARKING POINTS TO:

HIGH RESOLUTION OF BIOLOGICAL DIFFERENCE AT THE LEVEL OF 1 — 2 NUCLEOTIDES
FEWER FALSE POSITIVES THAN OTHER METHODS
LINEAR SCALING WITH SAMPLE NUMBER AND FLAT MEMORY REQUIREMENTS
OPEN SOURCE
COMPARABLE ACROSS DATASETS
GREAT FORUM FOR ADVICE AND TROUBLESHOOTING

29.03.2019
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DADA?2 DADA?2

SIMULATED DATA
REAL DATA

UPARSE
42 pregnant 42 pregnant

.
, 5
oo v
| variant &
¥
oTtu D 2
H- 1 u-
9 T T T T T T T T
100 300 400 0 50 100 200 300
True abundance True abundance

TP: 978 TP: 1042

Sample Sample
Data: Maciniyre et al. Scientiic Reports, 2015 Data: Ma + 2 FP: 272 FP: 0
FN: 77 FN: 13

cor: 0.935 cor: 0.999

Inferred abundance
Inferred abundance

Frequency

Frequency
—_—
i
H
H
H
_—
T T T T 1T T 1 T 1
H

Data: Kopylova, et al mSylems‘ 2016.

0
ADA2 COMPARABLE ACROSS DATASETS

OPEN Toe ISUE Jourmal 201711

D)

PERSPECTIVE

Exact sequence variants should replace operational

taxonomic units in marker-gene data analysis * WHAT IS THE WORKFLOW?2

ul | McMurdie? and Susan P Holme o QUALITY CONTROL THE READS
S E U5 o e i S i CORRECT THE READS IN THE DATASET WITH A MODEL WITH PARAMENTERS INFERED FROM THE DATA
MERGE THE READS
CLEAN THE CHEMERIC READS
ASSIGN TAXONOMY...

De Novo OTUs Closed-Reference OTUs

Biology
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" RUN DADA2

DADA?2
HANDS-ON

O * 1ST PART OF THE SCRIPT
* CHECK IF THE PRIMERS ARE STILL IN THE READS

HTTPS://BENJINEB.GITHUB.IO / A2/TUTORIALHTML * 2ND PART OF THE SCRIPT
* CHECK THE QUALITY OF THE READS FOR EACH SAMPLE
* QUALITY FILTER THE R1 AND R2 READS INDEPENDENTLY
* CONTROL IF THERE ARE ANY PRIMERS LEFT IN THE READS

* 3RD PART OF THE SCRIPT
* DEREPLICATE THE READS
* BUILD THE ERROR MODEL TO CORRECT THE READS
* RUN THE MODEL IN THE DEREPLICATED DATA

" RUN DADA2 ~")  CLUSTERING OUTPUT OF DADA2

* 4TH PART OF THE SCRIPT
* GENEREATE AMPLICON SEQUENCE VARIANTS TABLE O ¢ 7TH PART OF THE SCRIPT
* SAVE THE FILES * OUTSIDE R
* NAVIGATE TO THE FOLDER WITH THE CHIMERA FREE OUTPUT EXTRACTED FROM DADA2

« 5TH PART OF THE SCRIPT * CLUSTER AT 98% SIMILARITY THE AMPLICON SEQUENCE VARIANTS

+ CHECK FOR CHIMERIC SQUENCES IN THE DATA

+ CONTROL HOW MANY CHIMERAS WHERE FOUND AND EXCLUDED * 8TH PART OF THE SCRIPT

* TRACE THE READS THROUGH THE ABOVE STEPS * GET TAXONOMICAL ASSIGNMENT TO THE CLUSTERS
* THIS TAKES QUITE SOME TIME

b Wi
* &TH PARTH OF THE SCRIPT MERGE THE RESULTS WITH THE OTU TABLE

* SAVE THE FINAL DATA
* YOU CAN FURTHER FILTER YOUR OTUS WITH LULU ALGORITHM...

o
)
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—>  SITES WHERE YOU CAN GET MORE INFORMATION
- ABOUT DADA?2

Q)

Problems and solutions
Manual, complentary information and another annotated tutorial
/ /]

e
A b . ) ! " 2 g X
Benchmarking

. ) b, . |
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https://github.com/benjjneb/dada2/issues
https://benjjneb.github.io/dada2/pool.html
https://benjjneb.github.io/dada2/pool.html
https://astrobiomike.github.io/amplicon/dada2_workflow_ex
https://benjjneb.github.io/dada2/SotA.html

