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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).

lqiime tools import

-—type 'SampleData[PairedEndSequencesWithQuality]' \
——input-path <your path> \

-—input-format CasavaOneEightSingleLanePerSampleDirFmt \
--output-path demux-paired-end.qza

Take a look at the imported data
lqiime tools peek demux-paired-end.qza
Validate the imported data
lqiime tools validate demux-paired-end.qgza
The raw data are summarized and a visualisation file (.qzv) is created.

lgiime demux summarize
--i-data demux-paired-end.qza \
--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 qiime2 import Visualization

Visualization.load('demux-paired-end.qzv')
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4.2. Denoising

&QimeQuien - Viatzaion

T

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

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

Denoising with dada2.

o input the data created in the data import code

e trim according to the primers that you have used

« truncate according to the quality plots

e output representative sequences

o output a dada2 feature table

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

o output the denoising stats

[ ]: !qiime dada2 denoise-paired !
—-i-demultiplexed-seqs demux-paired-end.qza \
——p-trim-left-f <value> \

--p-trim-left-r <value> \

-—p-trunc-len-f <value> \

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

--p-n-threads <value> \

--o—denoising-stats dada2-stats.qza

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

[ ]: !qiime feature-table summarize
--i-table dada2-table.qgza \
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4. Qiime2 Code

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

Visualize the representative sequences

lqiime feature-table tabulate-seqs
--i-data rep-seqs-dada2.qza \
--o-visualization rep-seqs-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 qiime2 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".

lqiime feature-table filter-features

--i-table dada2-table.qza \
--p-min-frequency <value> \
-—o-filtered-table minreads-dada2-table.qza
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4.3. Taxonomy

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

lgiime feature-table summarize
--i-table minreads-dada2-table.qza \

--o-visualization minreads-dada2-table.qzv \
--m-sample-metadata-file sample-metadata.tsv

from qiime2 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

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

Pipeline Sida 7 av 25



4. Qiime2 Code

Use your classifier to add taxonomic information to your representative sequences

« input your validated classifier
« input your representative sequences
« name the output file containing the classified sequences

[ ]: !'giime feature-classifier classify-sklearn
—-i-classifier silva-138-ssu-nr99-classifier.qza \
--i-reads rep-seqs-dada2.qza \

--o—classification <xx-taxonomy-rescript.qza>

Summarize and visualize the output from above

[ ]: !qiime metadata tabulate
--m-input-file <xx-taxonomy-rescript.qza> \
--o-visualization <xx-taxonomy-rescript.qzv>

[ 1: from gqiime2 import Visualization

[ ]:|Visualization.load('<xx-taxonomy-rescript.qzv>')

&imzview File: RT-taxonomy-rescript.qzv Visualization Details Provenance

Download metadata TSV file

This file won't necessarily reflect dynamic sorting or filtering options based on the interactive table below.

Search:

Feature ID Taxon Confidence

i

fiff714e44bed0b60477b765079aae77 d__Bacteria; k__Bacteria; ks__Bacteria; sp__Bacteria; p__Bacteroidota; ps__Bacteroidota; sc__Bacteroidota; c__Bacteroidia; 0.9519672184181072
cs__Bacteroidia; 0__| sf_ i 1| idetes_BD2-2; g_ Bacteroidetes_BD2-2; s__uncultured_prokaryote

fif9146745d172268b926ede21359d14 d__Eukaryota 0.9687300069378989

fif56149e513aefd23d083b5b9ad 1301 d__Bacteria; k__Bacteria; ks__Bacteria; sp__Bacteria; p__Firmicutes; ps__Firmicutes; sc__Firmicutes; ¢__Clostridia; cs__Clostridia 0.9925811903707885

fif19d029f37d7912c1b756b55e6e6e3 d__Bacteria; k__Bacteria; ks__Bacteria; sp__Bacteria; p__Bacteroidota; ps__Bacteroidota; sc__Bacteroidota; c__Bacteroidia; 0.8805455129512273
cs__Bacteroidia; o__Flavobacteriales; sf__Flavobacteriales; f__Flavobacteriaceae; g__Tenacibaculum

flebc8657deSdac3d0aedal4d7064a8e d__Bacteria; k__Bacteria; ks__Bacteria; sp__Bacteria; p__P! ia; ps__P sc__Pr 0.9272964676861701
c_G: ;s G o0_O sf__Oceanospirillales; __ Nitrincolaceae; g_ Neptunomonas

fle4052ebdc3e3d41889dbe363efcc51 d__Bacteria; k__Bacteria; ks__Bacteria; sp__Bacteria; p__Pi ia; ps__Pr sc_ P ia; 0.9994158599427485
c__Gan ia; cs__ G ia; o__Thiotri sf__Thiotri f__Thiotrichaceae; g__Leucothrix

idff19295f81212b9387d4e5bb7beba d__Bacteria; k__Bacteria; ks__Bacteria; sp__Bacteria; p__Pi ia; ps__Pr sc__Pr C__Alphap 0.
cs_ Alpt o_Ri sf_R iales; f__Mitochondria; g__ Mitochondria

fiddda111057aaa9d8b8764664a828e0 d__Bacteria; k__Bacteria; ks__Bacteria; sp__Bacteria; p__Bacteroidota; ps__Bacteroidota; sc__Bacteroidota; ¢__Bacteroidia; 0.9280211769702028
cs__Bacteroidia; o__Bacteroidales; sf__Bacteroidales; f__Marinifilaceae: g__uncultured; s__Bacteroidales_sp.

ficf3659e3c296a48b8fd208d8acd893 d__Bacteria; k__Bacteria; ks__Bacteria; sp__Bacteria; p__Bacteroidota; ps__Bacteroidota; sc__Bacteroidota; ¢__Bacteroidia; 0.805853288450166
cs__Bacteroidia; o__Flavobacteriales; sf__Flavobacteriales; f__Flavobacteriaceae; g__Lacinutrix

ficeb8ibGea53164465a6d82a80f92bb d__Bacteria; k__Bacteria; ks__Bacteria; sp__Bacteria; p__Bacteroidota; ps__Bacteroidota; sc__Bacteroidota; ¢__Bacteroidia; 0.8155606630521374
cs__Bacteroidia; o__Chitinophagales; sf__Chitinophagales; f__Saprospiraceae; g__uncultured

fibd91caeeb693d1b06157ae43500842  d__Bacteria; k__Bacteria; ks__Bacteria; sp__Bacteria; p__Firmicutes; ps__Firmicutes; sc__Firmicutes; ¢__Clostridia; cs__Clostridia; 0.9456176952991345
o_L i sf_L i f__Defluvii g_D i » UCG-011; s__uncultured_bacterium

fibch87935a68058049e1a67677e2be3  d__Bacteria; k__Bacteria; ks__Bacteria; sp__Bacteria; p__Bdellovibrionota; ps__Bdellovibrionata; sc__Bdellovibrionota; ¢__B 0.88 )
cs_| i ; o__ Bdellovit sf_Bx i f__Bdellovi ; g__Bdellovibrio; s__uncultured_bacterium

fibc510c7883120ee9df24c47b0e028c  d__ Bacteria; k__Bacteria; ks_ Bacteria; sp_ Bacteria; p__P ia; ps_ P sc_ P 0.9973875587780997
c_( ia; cs__Gi teria; o__Alteromonadales; sf__/ _Ce i g_Tr

fib9018a908adad22e0ae44a072281d8  d__ Bacteria; k_Bacteria; ks__ Bacteria; sp_Bacteria; p__ ps__# iota; sc__As ota 0.9999403701440471
A T lias e T A T o

Figure 4: Example of the visualisation of a table of classified representative sequences.
The table is interactive and it is possible to download it as a TAB separated file.

Using the taxonomy gained from the classifier and your dada2 table containing the reads,
it is possible to create bar plots. These are interactive so it is possible to filter on metadata
as well as looking at specific taxonomic levels. Constructing the barplot requires:

 your filtered dada2 table
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[]:

[]:

[]:

4.4. Filter data

e your taxonomy
o your metadata

lqiime taxa barplot

--i-table minreads-dada2-table.qza \
-—i-taxonomy <xx-taxonomy-rescript.qza> \
--m-metadata-file <your-sample-metadata.tsv> \
--o-visualization <xx-taxa-barplots.qzv>

Visualization.load('<xx-taxa-barplots.qzv>')

Download Taxonomic Level Color Palette @ Sort Samples By ©

SVG (bars)  SVG (legend) CSV Level 10 v schemeAccent v d__Bacteriak__Bi v Ascending v
Bar Width
®

P2K8 | d__Bacteriak__E

i'||

| 8.733%

[ o_Bacteriak_Bacteriaiks_Bacteriaisp_Bacteriaip_Bacteroidotaips ~
[ o_Bacteriak_Bacteriaiks_Bacteriaisp_Bacteriaip_Proteabacteria
[ ¢_Bacteriak_Bacteriaiks_Bacteriaisp_Bacteriaip_Proteobacteria
[l ¢_Bacteriak_Bacteriaks_Bacteriaisp_Bacteriaip_Proteabacteria
d_Bacteriak_Bacteria;ks_ Bacteriasp_Bacteria;p_ Firmicutesps_
d_ Bacteria’k_ Bacteriaks_ Bacteria'sp_ Bacteria;p_Proteobacteria
d_ Bacteria’k__Bacteriaks_Bacteria:sp_Bacteria;p_Proteobacteria
|71 d_Bacteriak_ Bacteriaks_Bacteria:sp_Bacteria;p_Proteobacteria:

L l |
[ ¢_Bacteriak_Bacteriarks_Bacteria:sp_Bacteriaip_Firmicutesips_
d_Bacteriak_Bacteria ks_Bacteria'sp_Bacteriap_Cyanobacteria;
‘ d_Bacteria_Bacteria ks_Baceria sp_Bacteria;p_Bacteroidota ps
l ‘ | | [l ¢_Bacteriak_Bacteriaks_Bacteriasp_Bacteriap_Bacteroidotarps

[ _Bacteriak_Bacteriaks_Bacteriaisp_Bacteriaip_Verucomicrobi

H‘

d_Bacteriak_Bacteria ks__Bacteria:sp_Bacteria;p__Campilobacterc

d_Bacteriak_Bacteria ks_Bacteria sp_Bacteria;p__Proteobacteria:
[ d_Bacteriak_Bacteriaiks_Bacteriaisp_Bacteriap_Proteobacteria
[ ¢_Bacteriak_Bacteriaks_Bacteria:sp_Bacteriaip_Proteobacteria

W vrassioned .

B ¢_Bacteriak_Bacteria hﬁEzneﬂa sp_Bacteria;p_Proteobacteria:

o
||| . I| 'I' :

Sample

I [ o_Bacteriak_Bacteriaks_Bacteriasp_Bacteriap_Firmicutesips_
_Bacteriak_Bacteria ks_Bacteria sp_Bacteria;p_Bacteroidotaps
4_Bacteriak_Bacteria ks_Bacteria sp_Bacteriap_Proteabacteria

] 4_Bacteriak_Bacteriarks_Bacteria sp_Bacteriajp_Proteabacteria

[ d_Bacteriak_Bacteriaks_Bacteria:sp_Bacteriap_Cyanobactera

Figure 5: Example of a barplot with the taxonomic compositions in the samples

IH

- d_ Bacteriak_Bacteria'ks_ Bacteria:sp_ Bacteria;p_ Proteobacteria;

d_ Bacteria’k_ Bacteriaks_ Bacteria:sp_Bacteria;p_Patescibacteria

d_ Bacteriak__Bacteriaks_Bacteria:sp_Bacteria;p_Proteobacteria
[ ¢_Bacteriak_Bacteriaiks_Bacteriaisp_Bacteriaip_Proteobacteria
[ ¢_Bacteriak_Bacteriaks_Bactriaisp_Bacteriaip_Desulfobactero

d_Bacteriak_Bacteria’ks_Bacteria'sp_Bacteriap_Fusobacteriota

4_Bacteriak_Bacleriarks_Bacleria;sp_Bacteria;p_Actinobacteriot
[ o_Bacteriak_Bacteriaiks_Bacteriaisp_Bacteriaip_Actinobacteriot
[ ¢_Bacteriak_Bacteriaiks_Bacteriaisp_Bacteriaip_Proteabacteria

4.4 Filter data

Here are examples for filtering feature tables and subsequently rep-seqs. Tables are filtered
using both including and excluding methods based on metadata. Taxonomy based filtering
is demonstrated in the final cells.

Define your path

import os
os.chdir(<your path>)

Filter your reads based on sample metadata (include reads):

» use your filtered dada2 table

» use your metadata file

o filter based on column in your metadata with specific values (these rows are kept)
e name your output file
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4. Qiime2 Code

[ ]: !qiime feature-table filter-samples
--i-table minreads-dada2-table.qza \
--m-metadata-file <your-sample-metadata.tsv> \
—--p-where "<[column name]='xx'>" \
--o-filtered-table <xx-filtered-table.qza>

Filter your reads based on sample metadata (exclude reads):

e use your minreads table

o your metadata file

o state the the defined reads should be excluded

o define which reads to filter on (in this case all rows with A-E in “column name”
should be excluded)

e name your output

[ ]: !qiime feature-table filter-samples ‘
--i-table minreads-dada2-table.qza \
--m-metadata-file <your-sample-metadata.csv> \
--p-exclude-ids \
--p-where "<[column name] IN ('A', 'B', 'C', 'D', 'E')>" \
-—o-filtered-table <xx-filtered-table.qgza>

Summarize your filtered table and create a visualization.

[ 1: !'qiime feature-table summarize
--i-table <xx-filtered-table.qza \
—--o-visualization <xx-filtered-table.qzv>

After filtrating your table, you can use this to filter your representative sequences:

« input your representative sequences
 input your filtered table
e name your output

[ ]: !qiime feature-table filter-seqs
--i-data rep-seqs-dada2.qza \
-—i-table <xx-filtered-table.qza> \
--o-filtered-data <xx-filtered-rep-seqs.qza>

Rather than filtering on sample metadata, you can filter on taxonomy

e input your minreads table
e input your taxonomy file
 define what to exclude

e name your output

[ ]: !qiime taxa filter-table
--i-table <minreads-dada2-table.qza> \
-—i-taxonomy <xx-taxonomy-rescript.qgza> \
--p-exclude <TaxonA,TaxonB,TaxonC> \
—-—o-filtered-table <xx-filtered-tax-table.qza>
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4.5. Diversity

You can then also filter your sequences based on the taxonomically filtered table:

» input your representative sequences
« input you taxonomy filtered table
e name your output

'giime feature-table filter-segs

--i-data <rep-seqs-dada2.qza> \

--i-table <xx-filtered-tax-table.qza> \
-—o-filtered-data <xx-filtered-tax-rep-seqgs.qza>

4.5 Diversity

Here we create phylogenetix trees and calculate diversity core metrics for our data.
Define your path

import os
os.chdir(<your path>)

Align the representative sequences to build your tree. These may be filtered or not
depending on your needs.

'giime alignment mafft
-—i-sequences <xx-rep-segs.qza> \
--o-alignment <xx-aligned.qgza>

Mask the aligned sequences. This masks the sequences that are low complexity or otherwise
suspected of being low quality.

'giime alignment mask
--i-alignment <xx-aligned.qza> \
--o-masked-alignment <xx-masked-aligned.qgza>

Make an unrooted phylogenetic tree based on your aligned and masked data

lgiime phylogeny fasttree
--i-alignment <xx-masked-aligned.qgza> \
--o-tree <xx-unrooted-tree.qza>

Make a rooted tree from the unrooted tree

'giime phylogeny midpoint-root
--i-tree <xx-unrooted-tree.qza> \
--o-rooted-tree <xx-rooted-tree.qza>

In order to calculate diversity metrics, we will use a dada2 feature table. This one can be
filtrated and should probably at least be your minreads table.

The number reads per sample shown in your table can be used to define max sequencing
depth in the alpha rarefaction plot below.
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4. Qiime2 Code

[ ]: from qiime2 import Visualization

[ ]: Visualization.load('<xx-table.qzv>")

25

Number of samples
= [ N]
u o
1 1

=
o
!

ol imummyiwmme s poeews 1411 -
0 50,000 100,000 150,000 200,000 250,000 300,000 350,000
Frequency per sample

Figure 6: Frequency histogram of reads per sample

To perform alpha rarefaction including phylogenetic data, choose the table of interest,
rooted tree, and sample metadata. This can also be done without the phylogenetic data.

e input your table

e input your rooted tree

» the max sequencing depth of your choice
» your sample metadata file

e name the output

[ J: !qiime diversity alpha-rarefaction !
--i-table <xx-table.qza> \
--i-phylogeny <xx-rooted-tree.qgza> \
——p-max-depth <your value> \
--m-metadata-file <your-sample-metadata.tsv> \
--o-visualization <xx-alpha-rarefaction.qzv>

[ ]: from giime2 import Visualization

[ ]:|Visualization.load('<xx-alpha-rarefaction.qzv>')
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4.5. Diversity
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Figure 7: Example of interactive rarefaction curves. These can be used to estimate
whether the sequencing depth is sufficient. Also, the sampling depth used for calculating
core metrics can be defined based on these plots.

Compute core diversity metrics. The standard output includes:
o Alpha diversity

— Faith pd
— Observed features
Shannon
— Evenness

o Distance matrices and PCoA results with emperor plots

— Unweighted UniFrac
— Weighted UniFrac

— Jaccard

— Bray-Curtis

Use the rarefaction curves to determine a sampling depth.

e input your rooted tree

e input your table

o define sampling depth

e input your sample metadata
e name your output directory

[ ]: !qiime diversity core-metrics-phylogenetic !
--i-phylogeny <xx-rooted-tree.qgza> \
--i-table <xx-table.qza> \
--p-sampling-depth <your value> \
--m-metadata-file <your-sample-metadata.tsv> \
--output-dir <xx-core-metrics-results>

[ ]: from qiime2 import Visualization

The emperor plots are interactive, allowing you to turn the axes and also change shape,
size, and colour.
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4. Qiime2 Code

[ ]:|Visualization.load('xx-core-metrics-results/unweighted unifrac_emperor.
—qzv')

[ ]:|Visualization.load('xx-core-metrics-results/weighted unifrac_emperor.
—qzv')

[ ]:|Visualization.load('xx-core-metrics-results/jaccard_emperor.qzv')

[ ]:|Visualization.load('xx-core-metrics-results/bray_curtis_emperor.qzv')

. Color | Visibility | Opacity | Scale = Shape | Axes

Animations

sample_type

Seti

Axis 2 (22.59 %)

Il o' mucus
. intestine
D plastic

. seaweed
D skin_mucus
[ ] tank_wall

Axjs 3 (5.511 %)

Figure 8: Example of visualisation of an interactive emperor plot

4.6 Statistics

Here we carry out a selection of statistical analysis. The first analysis carried out is
Adonis, which is based on distance matrices calculated in the "Diversity" section.

e input your distance matrix of choice

e input your sample metadata file

« the predictor of choice (from your sample metadata file)

« name the output an save it in the directory of your choice

[ ]: !qiime diversity adonis
--i-distance-matrix <xx-core-metrics-results/xx_distance_matrix.qgza> \
--m-metadata-file <your-sample-metadata.tsv> \
--p-formula <"Parameter xx"> \
--o-visualization <xx-core-metrics-results/xx-adonis.qzv>

Visualise and download Adonis results. These results are a statistical output table.

[ ]: from gqiime2 import Visualization
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[ ]:

[ ]:

[ ]:
[ ]:

Visualization.load('xx-core-metrics-results/xx-adonis.qzv')

Here you can run a permanova for Beta group significance.

e input your distance matrix of choice

e input your sample metadata file

« the metadata column (predictor variable)
o the method, in this case permanova

e pairwise, in this case TRUE

e name your output

lgiime diversity beta-group-significance !

--i-distance-matrix <xx-core-metrics-results/xx_distance_matrix.qza> \
--m-metadata-file <your-sample-metadata.tsv> \

--m-metadata-column <"Parameter xx"> \

—--p-method "permanova" \

--p-pairwise True \

--o-visualization <xx-core-metrics-results/xx-betapair.qzv>

Visualise and download permanova results table.

from qiime2 import Visualization

Visualization.load(<'xx-core-metrics-results/xx-betapair.qzv'>)

5 R Code

Data is imported into R for easier data manipulation and custom figure creation. The
described code used in R demonstrates importing the data and performing alpha diversity
statistics and plots. The data are also prepared for filtering and making bar plots,
phylogenetic trees, and PCoA plots.

In R, data are stored in objects using "<-" (or alternatively '=", but we use "<-").
Therefore, when a variable that you need to name is placed in front of a "<-", this means
that you are naming the output variable of the function that follows.

You will also see the symbol "%>%", which is called a pipe. This "pushes" the data before
the pipe to the function after the pipe. Chaining pipes allows you to carry out several
functions with your data before storing it in an object.

Some code chunks contain lines of code that are commented out (using #). These lines

are optional and often need to be used after the rest of the code has already been run (for
example rearranging the levels of a factor for post-hoc analysis).

5.1 Importing to R

This section is for opening packages and importing data.
The packages below are the ones used in the notebooks described in this project.
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5. R Code

library(tidyverse)
library(qiime2R)
library (metacoder)

Import your sample metadata.
metadata <- read_tsv("<your directory/sample-metadata.tsv>")
Import your taxonomy table, rooted tree, and feature table of choice.

<xx_taxonomy> <-read_qza('"<your directory/xx-taxonomy-rescript.qza>")$data
<xx_rooted_tree> <-read_qza('"<your directory/xx-rooted-tree.qza>")$data
<xx_table> <-read_qgza("<your directory/xx-table.qza>")$data

Import the relevant Alpha diversity data for your needs. Name variable as needed and
path as needed. The code creates the column “SampleID” from the row names in the
data.

<xx_shannon> <-read_qgza(
"<your directory/xx-core-metrics-results/shannon_vector.qza>")$data %>%
rownames_to_column("SampleID")

Import the relevant Beta diversity data for your needs. Name variable as needed and
path as needed.

<xx_wunifrac> <-read_qgza(
"<your directory/xx-core-metrics-results/weighted_unifrac_pcoa_results.qza>")

5.2 Alpha diversity statistics and plots

This section is for preparing plots and calculating statistics for alpha-diversity.

Join alpha diversity with metadata using the sample ID column from both data frames.
When joining, first define the metadata column that will define which rows to take from
the left joined data.

<xx_alpha_data> <-metadata %>7
left_join(xx_evenness, by=c("<sample ID column"="sample ID column>")) %>%
left_join(xx_shannon, by=c("<sample ID column"="sample ID column>")) %>%
left_join(xx_observed_otus, by=c("<sample ID column"="sample ID column>")) %>7%
left_join(xx_faith, by=c("<sample ID column"="sample ID column>"))

Use the following chunk as an example for filtering data if necessary. There are two
examples of how to filter in dplyr, adjust as needed.

e The rows with "X" and "Y" in "Your parameter" column are kept

e The rows with "your value" in the "Your parameter2" column are kept
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5.2. Alpha diversity statistics and plots

<xx_alpha_data_f> <-<xx_alpha_data> %>’
filter (<your parameter> 7%in% c(<"X", "Y">)) %>%
filter(<your parameter2> == <'"your value">)

Below is code used for creating alpha diversity plots. Parameters are defined in the first
line. Here Shannon is used as an example. Choose your own predictors.

ggplot (<xx_alpha_data>,aes(x=<Parameterl>, y=<xx_shannon>, col=<Parameter2>))+
stat_summary(geom="errorbar", fun.data=mean_se, width=0) +
stat_summary(geom="1line", fun.data=mean_se) +
stat_summary(geom="point", fun.data=mean_se) +
xlab("<Parameter1>") +
ylab("<Shannon>") +
theme_q2r() +
scale_color_viridis_d(name="<Parameter2>")
ggsave ("<name_of _choice>. jpg", height=3, width=4, device="jpg")

Shannon diversity

mai 27 jun 03 jun 10 jun 17 jun 24
Sampling Date

Figure 9: Example of a Shannon diversity plot

You can use an interaction model to check whether there were interacting effects between
Parameters. If a significant effect is found, releveling can be used to determine which
levels in a Parameter differ.

#<zz_alpha_data$Parameter2> <-relevel (
factor(<zz_alpha_data$Parameter2>),ref="<value>")
<xx_shannonmod_int> <-1m(
<xx_shannon>~<Parameter2>*<Parameterl>, data=<xx-alpha-data>)
summary (<xx_shannonmod_int>)
anova(<xx_shannonmod_int>)
plot(<xx_shannonmod_int>)

You can use an additive model to determine whether any of the parameters affect diversity.
Again, releveling can be used for the post-hoc differences.
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5. R Code

#<zz_alpha_data$Parameter2> <-relevel (
factor(<zz_alpha_data$Parameter2>),ref="<value>")

<xx_shannonmod_add> <-1m(
<xx_shannon>~<Parameter2+Parameterl>,data=<xx_alpha_data>)

summary (<xx_shannonmod_add>)

anova(<xx_shannonmod_add>)

plot (<xx_shannonmod_add>)

5.3 Taxonomic compositions

In this section we prepare the data for creating taxonomic bar charts and phylogenetic
trees.

First we make a taxmap object for easy filtering. The data table readable by
"parse_tax data' is built. Then the taxmap environment is created.

<totaxmap_xx_rescript> <- <xx_table> 7>,
as.data.frame() %>%
rownames_to_column("Feature.ID") %>%
left_join(<xx_taxonomy>) %>%
mutate (Feature=Taxon)

<xx_rescript_parsed> <-parse_tax_data(<totaxmap_xx_rescript>,
class_cols="Taxon",
class_sep=";",
class_key=c(tax_rank="taxon_rank",
tax_name="taxon_name"),

class_regex = "“(.+)__(.+)")

Summarizing data for frequency barplot. The first line calculates total abundance of each
taxon. The following lines allow you to sum the counts across your chosen variables.

<xx_rescript_parsed>$data$taxon_counts <- calc_taxon_abund(
<XX_rescript_parsed>,
data = "tax_data")
<xx_rescript_parsed>$data$taxon_counts$total <- rowSums (
<xx_rescript_parsed>$data$taxon_counts[<column_no:column_no>])
<xx_rescript_parsed>$data$taxon_counts$<totalA> <- rowSums(
<xx_rescript_parsed>$data$taxon_counts [grep("<A>",
names (<xx_rescript_parsed>$data$taxon_counts))])
<xx_rescript_parsed>$data$taxon_counts$<totalB> <- rowSums (
<xx_rescript_parsed>$data$taxon_counts[grep("<B>",
names (<xx_rescript_parsed>$data$taxon_counts))])

Extract the taxon counts from the taxmap environment

taxon_counts<- <xx_rescript_parsed>$data$taxon_counts
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5.3. Taxonomic compositions

The taxmap environment is large and complex. Sometimes it can be helpful to print parts
of it to see the data.

print (<xx_rescript_parsed>$data$tax_data)

Your taxmap object can be taxonomically filtered based on taxon name or taxon rank.
« "subtaxa' is used to define whether subtaxa should be included in your filter.
 "invert" defines whether your filter includes or excludes taxa. TRUE means that you

exclude what the filter finds.
o "supertaxa' defines whether to include or exclude supertaxa in your filtering.

<filtered_xx> <- <xx_rescript_parsed> 7>/,
filter_taxa(taxon_names == "<Animalia>", subtaxa = TRUE, invert=TRUE) %>’
filter_taxa(taxon_ranks == "<p>", supertaxa=FALSE)

Look at your filtered data.
print(<filtered_xx>$data$class_data)

Prepare data for bar chart:
o First join the taxon counts with the class data.
o Filter to your desired taxonomic level. Here, we use phyla.
o Ensure the taxon ids are unique.
o Calculate frequencies based on the summarised data.
o Finally use gather to make your data long with the chosen metadata in a column.
o In the gather function, define the name of your metadata column, the name of your
values column, and which columns the data are in.

counts<- <filtered_xx>$data$taxon_counts %>%
left_join(<filtered_xx>$data$class_data, by=c("taxon_id"="taxon_id")) %>%
filter (tax_rank=="<p>") %>
distinct(taxon_id, .keep_all = TRUE) 7>%
mutate (<sumA>=sum(<totalA>)) 7>/
mutate (<sumB>=sum(<totalB>)) %>%
group_by(tax_name) 7%>%
mutate (<freqgA>=<totalA/sumA>) 7>,
mutate (<freqB>=<totalB/sumB>) 7>,
gather (<A and B parameter>, <frequency>, <column no:column no>)

Pool the smallest taxa so decrease the number of taxa in the plot. Set your own pooling
threshold.

xxpool<-counts %>
group_by (tax_name) 7%>%
summarise (pool=max(frequency)< <value>,
mean=mean (frequency) ,
.groups="drop")

Make a stacked frequency bar chart.
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5. R Code

o First join your counts with your pooled taxa. Then for taxa that have been assigned
to "pool", rename them to "Other".

« Summarise your frequencies by tax name and any other relevant variable.

o Make the tax name variable a factor and sort by mean frequency.

o Make your plot.

<xx_barchart> <- inner_join(counts,<xxpool>,by="tax_name") >/

mutate (tax_name=if_else(pool,"Other",tax_name)) %>7
group_by(<variable>,tax_name) %>/
summarise (frequency=sum(frequency),

mean = min(mean),

.groups = "drop") %>%
mutate (tax_name=factor (tax_name),

tax _name=fct_reorder (tax_name,mean, .desc = FALSE)) %>

ggplot (aes (x=<variable>, y=frequency, fill=tax_name))+
geom_col()+
scale_fill brewer(palette = "Paired") +
theme classic()+
labs(x="<Variable>",y="Proportion",fill="<your tax rank>") +
scale_x_discrete(labels = c('<A>','<B>"'))
#ggsave ("<zz_bar>.tiff",dpi=300)
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Figure 10: Example of a stacked frequency bar chart showing relative abundance at the
taxonomic level chosen

5.4 Phylogenetic trees

The trees are built from taxmap objects. As the previous section (“Taxonomic composi-
tions”) describes how to make such an object, this is skipped here. In addition to creating
the taxmap object, summarised abundances are used to define the size and colour of tree
nodes, and again, this is previously described.
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5.4. Phylogenetic trees

Checking tables

print (<xx_rescript_parsed>$data$taxon_counts)

Here we build a subtaxa tree. Empty nodes and specific taxa ranks are removed in order
to make the tree readable and informative. Insert your summarized variable of choice.

The filter taxa line that defines the taxon ranks to exclude uses taxon rank data from
the reference database. These vary, so the ranks available or how they are denoted may
not be the same.

subtaxa_tree <- <xx_rescript_parsed> >
filter_taxa(taxon_names %in% c("<subtaxa of choice>"),
subtaxa=TRUE) %>%
filter_taxa(<totalx> >0) %>%
filter_taxa(! taxon_ranks %in} c("d","k","ks","ps","p","c","0","sf","cs")) %>V
heat_tree(node_label=taxon_names,
node_size=<totalx>,
node_color=<totalx>,
tree_label="<your label>",
node_label_size_range=c(0.015,0.04), #adjust size range as needed
node_size_range = c(0.007, 0.02), #adjust size range as needed
node_color_axis_label="Reads",
output_file="<subtaxa tree.tiff>")
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Figure 11: Example of a phylogenetic heat tree

Pipeline Sida 21 av 25



5. R Code

5.5 PCoA plots

In this section, we build beta diversity PCoA plots using the core metrics calculated in
Qiime2.

Make any character vectors in your metadata into factors for plotting purposes.

metadata$<variablel> <-factor(metadata$<variablel>)
metadata$<variable2> <-factor(metadata$<variable2>)
metadata$<variable3> <-factor(metadata$<variable3>)

SProportionExplained

PC1 PC2 PC3 PC4 PCs PC6 PCT PC3 PCY PC:
1 0.4583765> 0.1984307 0.07859748 0.0602466 0.04156535 0.03358177 0.02153118 0.01822693 0.01576271 0.012043
PC16 PC17 PC18 PC139 PC20 PC21 PC22 PC23

1 0.005037372 0.004353331 0.003909339 0.003546115 0.001561293 0.001383784 0.001013972 0.0006977589 0.00046
PC36 PC37 PC38 PC39 PC40
1 0 0 o [0} 1}

SVectors

SampleID PC1 PC2 PC3 PC4 PCS PC& PCT
1 108 0.013492011 -0.029473168 0.054510300 -2.393147e-02 -0.0657164970 0.0650537397 0.005102946
2 116 -0.117362363 0.060348255 0.063319%9205 2.166973e-02 0.0404437137 -0.0391691732 0.001955676
3 128 -0.103595748 0.036305507 0.018603933 2.057609e-02 0.0088514877 -0.0058976022 0.042775811
4 136 -0.109217022 0.010428706 -0.056452567 -1.271002e-05 0.0015254498 -0.0075415996 0.023677715
5 148 -0.138188680 0.032704977 -0.060846387 -3.105481e-02 0.0009392384 -0.0187921332 0.029435264
3 158 -0.110972113 0.039037689 -0.054290314 -1.229834e-02 -0.0056293187 -0.0323701267 -0.001990615
7 166 -0.104009439 0.023236589 -0.086668495 4.231272e-03 -0.0262055836 0.0053683206 0.058390924
B 198 -0.028324753 0.026797783 0.051002592 -4.447633e-02 -0.0265907079 -0.0458886334 0.020603042

Figure 12: Example of Weighted UniFrac core metric results

Here we plot the Weighted UniFrac metric as an example in the PC-plots.

o Choose metadata variables for size and color differentiation.
o Choose the beta diversity metric and the principal components you want to plot.

o Facet wrap by selected variable to combine plots.

<xx_wunifrac>$data$Vectors %>
select (SampleID, PC1, PC2, PC3) 7>’
left_join(metadata, by=c("SampleID"="<metadata sample ID>")) %>%
ggplot (aes(x=PCl, y=PC2, color=<variablel>, size=<variable2>)) +
geom_point(alpha=0.5) +
theme_q2r() +
scale_size_discrete(name="<variable2>") +
scale_color_viridis_d(name="<variablel>") +
facet_wrap(.~<variable3>)

#g9gsave ("PCoA_zxz_wu. jpg", height=4.5, width=5.5, device="jpg")
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Figure 13: Example of PCoA plot, which has been faceted by a variable in the metadata
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