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2. Setup

1 Introduction

In this document, we describe the pipeline developed for processing amplicon-based next-
generation sequencing data gathered at Fiskaaling. These data may be from microbiome
analysis or eDNA surveys. The pipeline can be used for a variety of primers, reference
databases, and applications.

The pipeline documents the process from importing raw paired-end sequencing data with
quality scores to producing statistical analysis and plots.

The aim of this document is to provide a dynamic and user-friendly way to gain information
from sequencing data, so all code chunks provided are annotated and explanations are
also provided. This way, someone can directly copy the code and easily insert their own
variable names and directory paths when necessary. The pipeline includes some of the
most frequently used code for analysis, but users should expect to build on or adapt
according to their specific requirements. The code is available in R and Jupyter notebooks
on GitHub (https://github.com/Fiskaaling/NGS_ Pipeline/releases/tag/v.1.0).

More information for adapting this code can be found on the Qiime2 web-
site (https://qiime2.org/), which has a friendly and helpful forum and in R
documentation, such as the documentation for the MetacodeR package, which
is used for much of the work that is carried out in R in this report
(https://www.rdocumentation.org/packages/metacoder/versions/0.3.5).

2 Setup

This pipeline was constructed using Qiime2 version 2021.2.0 (Bolyen et al. 2019) running
with Python version 3.6.13 (Van Rossum and Drake Jr 1995). Any required packages are
noted in the code snippets and while most of them ought to be already bundled with
Qiime2, if any are missing, they should be easily installed following documentation for
Qiime2 at docs.qiime2.org.
The packages, plugins, formats, and methods used in this pipeline are as follows:
e Qiime2
— EMPeror (Vazquez-Baeza et al. 2013; Vazquez-Baeza et al. 2017)
— RESCRIPt (Robeson et al. 2020)

FastTree (Price, Dehal, and Arkin 2010)
— Scikit-learn (Pedregosa et al. 2011)
BIOM (McDonald et al. 2012)
— UniFraq (McDonald et al. 2018; Lozupone and Knight 2005; Lozupone et
al. 2011; Hamady, Lozupone, and Knight 2010)
MAFFT (Katoh and Standley 2013)
DADA2 (Callahan et al. 2016)
— q2-feature-classifier (Bokulich et al. 2018)
Alpha diversity metrics (Faith 1992; Jaccard 1908; Shannon 1948; Pielou 1966;
Sgrensen 1948)

— NCBI BLAST (Johnson et al. 2008; NCBI Resource Coordinators 2017)
« R

— Tidyverse (Wickham et al. 2019)

— Qiime2R (Bisanz 2018)
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— Metacoder (Foster, Sharpton, and Griinwald 2017)

All of the Qiime2 code is written in Jupyter Notebooks for ease of use. This means that
the code snippets are preceded with an ‘" in order to run in a Jupyter Notebook. These
would not be necessary if running from the terminal.

Visualisation and some data manipulation is carried out in R using RStudio and ggplot2.
The necessary packages are listed at the top of each notebook, so these need to be installed
for that notebook to work. All of the packages are available on CRAN, so these ought to
be easy to install using RStudio’s package manager.

3 Explanations

Various reference databases are available for taxonomy assignment. The reference database
of choice depends on primers used and taxons of interest. In this case we have used a
pretrained Silva reference database that we downloaded from the Qiime2 documentation
website, but other pretrained naive bayes classifiers can be used instead. This document
does not describe how to train classifiers, but this information can be found at the site
of origin or tutorial found on the Qiime2 website. Be ware that sometimes reference
databases differ in their taxonomic rank setup, which might require adaptation of some of
the described code.

The "4.2 Denoising" section documents how to trim and truncate your sequences based on
the length of the primer used for your data as well as the quality plots produced in the
'4.1 Data import" section. This means that there are a lot of values that the user needs
to set themselves. Also, this is computationally quite a demanding task, so if possible,
use several cores (denoted with ‘~p-n-threads’).

The file types that Qiime2 produces are ‘.qza’, which are files that can be used as input
files in further analysis and ‘qzv’ which only can be used for visualization. The ‘.qza’ files
can be used both for analysis in Qiime2 and imported into R using a package as noted in
the "5.1 Importing to R" section.

In addition to these files, the sample metadata is a text file, usually comma separated or
tab separated (.csv or .tsv) and the raw sequence data files.

In the code, the naming of output files (which are also used downstream) is constructed
in a neutral consistent way, where user specific details can be added. This makes the
process of running the codes easier and minimizes the risk of mixing and confusing files.
All instances where users may modify file names or other code have been highlighted using
'<>" to designate where the user ought to change a variable or file name.

4 Qiime2 Code

The code written in Qiime2 encompasses importing raw sequence data, estimating quality,
performing denoising, assigning taxonomy, filtering data, calculating alpha and beta
diversity metrics and performing some beta diversity statistical analysis.
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4. Qiime2 Code

4.1 Data import

First, raw data are imported using the notebook called "1.dataimport.ipynb". Here is the
code for importing and validating paired end sequencing data. Here we also summarize
and look at quality plots for setting truncation values. The quality plots are then used to
estimate the best places to trim sequences in the next notebook.

Choose path or make sure you are in the right folder/directory

import os
os.chdir(<your path>)

Import data. Here we define:

o the type of raw data “Paired end sequences with quality”

o the path to the relevant directory

o the format of the input data

o the name of the output file and where to put it (currently in the working directory,
so no path is defined).

Igiime tools import \
--type "SampleData[PairedEndSequencesWithQuality]” \
-—-input-path <your path> \

--input-format CasavaOneEightSingleLanePerSampleDirFmt \
--output-path demux-paired-end.gza

Take a look at the imported data

Iqiime tools peek demux-paired-end.qgza
Validate the imported data

Igiime tools validate demux-paired-end.qza
The raw data are summarized and a visualisation file (.qzv) is created.

Igiime demux summarize |\

--1-data demux-paired-end.gza \

--o-visualization demux-paired-end.qzv

Run the next two cells to looking at the quality plots and setting truncation values. The
loaded visualization includes a download link if you want the summarized data, including

a table with reads per sample, in a csv format.

from giime2 import Visualization

Visualization. load("demux-paired-end.qzv®)
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4.2. Denoising
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Figure 1: Example of quality plots of forward and reverse reads visualised when running
demux-paired-end.qzv

4.2 Denoising

Here we tidy up the data using dada2 for denoising, and a variety of summarising and
filtering.

Choose path or make sure you are in the right folder

[ ]: import os
os.chdir(<your path>)

Denoising with dada2.

input the data created in the data import code

trim according to the primers that you have used

truncate according to the quality plots

output representative sequences

output a dada2 feature table

define how many threads you want to use. Useful for big data if you have many
cores

output the denoising stats

[ 1: !'qgiime dada2 denoise-paired \
--1-demultiplexed-seqgs demux-paired-end.qgza \
-—p-trim-left-f <value> \

-—p-trim-left-r <value> \

--p-trunc-len-f <value> \

--p-trunc-len-r <value> \
--0-representative-sequences rep-seqs-dada2.qza \
--o-table dada2-table.qza \

--p-n-threads <value> \

--0-denoising-stats dada2-stats.gza

Summarize and visualize the feature table. Include the metadata file when you summarize.

[ 1: !giime feature-table summarize \
--i-table dada2-table.qza \
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4. Qiime2 Code

--o-visualization dada2-table.qzv \
--m-sample-metadata-file <your-sample-metadata.tsv>

Visualize the representative sequences

Igiime feature-table tabulate-seqs \

--1-data rep-segs-dada2.qza \
--o-visualization rep-segs-dada2.qzv

Typically, OTUs/ASVs with few reads are removed for quality purposes.

You can use the dada2 feature table produced above and the list of reads per samples,
listed in the "demux-paired-end.qzv" from the previous section, as a guide to evaluate
what threshold to use according to your data. Again, it is possible to save a csv of the
visualization.

from giime2 import Visualization

Visualization. load("dada2-table.qzv*®)

Frequency per feature

Frequency
Minimum frequency 1.0
1st quartile 6.0
Median frequency 20.0
3rd quartile 103.0
Maximum frequency 507,120.0
Mean frequency 714.0653424411289

Frequency per feature detail (csv | html)

Figure 2: Example of a frequency per feature table, which is one of several components
displayed in the dada2-table.qzv

Based on the information on your dataset, define a minimum frequency or number of
reads per feature ID. This filtrates the dada2 feature table and saves it with the prefix
"minreads".

Igiime feature-table filter-features I

--i1-table dada2-table.gza \
--p-min-frequency <value> \
--o-Tiltered-table minreads-dada2-table.qgza
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4.3. Taxonomy

Below, data are summarized again and visualized to see how the filtration affected the
feature table.

Igiime feature-table summarize \

--i-table minreads-dada2-table.qza \
--o-visualization minreads-dada2-table.qzv \
--m-sample-metadata-file sample-metadata.tsv
from giime2 import Visualization

Visualization.load("minreads-dada2-table.qzv"™)

Frequency per feature

Frequency
Minimum frequency 3.0
1st quartile 8.0
Median frequency 25.0
3rd quartile 123.0
Maximum frequency 507,120.0
Mean frequency 776.6646132785763

Frequency per feature detail (csv | html)

Figure 3: Table of frequences per feature after removing OTUs/ASVs with less than three
reads

4.3 Taxonomy

Here we add taxonomic information to our representative sequences. This is based on
a pretrained classifier, in this case one created from a Silva reference database. Use a
suitable classifier based on the primers that you have used and the taxa of interest.

Define your path

Import os
os.chdir(<your path>)

Start by validating your classifier

Igiime tools validate silva-138-ssu-nr99-classifier.qza
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