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1 Introduction

The SILVAngs analysis pipeline is primarily targeting the analysis of large
scale small- and large subunit (LSU/SSU) ribosomal RNA (rRNA) gene tag
sequencing projects but can also be run on meta-genomes studies. Each
project normally includes thousands to millions of reads from many differ-
ent samples produced by massive parallel high-throughput “next generation”
sequencing (NGS) technologies. Each read is aligned, quality checked, and
classified based on the SILVA Reference alignment and taxonomy. Intuitive
graphical outputs are provided for statistical information about the taxo-
nomical distribution of the reads within and across samples. Interactive
tax breakdowns are available for detailed inspection of the diversity in the
samples.

Processing of the data is performed by five basic modules: align, quality
control, dereplication, clustering, and classification.

In the first step the alignment is used to verify that each read is indeed,
depending on the project, an LSU or SSU rRNA gene sequence. Ambiguous
reads and reads that are not of the required rRNA gene type, will be rejected
based on the alignment score and the alignment identity. This module also
checks the sequence quality of each read and it filters out low-quality reads
based on ambiguous bases, or too many homopolymers. The number of
aligned bases, within the boundaries of the rRNA genes, is determined and
sequences below a user defined minimal length cut-off are rejected.

After alignment and quality checks, the remaining sequences are derepli-
cated, clustered and classified. SILVAngs implements an approach similar
to "map and reduce”. First all reads that are 100% identical (allowing over-
hangs) to another read are marked as replicate by the dereplication module.
Next, the clustering module creates clusters of sequences with 98% sequence
identity (default) to each other. The longest read in each cluster is then se-
lected as its reference and it is classified against the SILVA reference dataset
by the classification module. The resulting classification of the reference
sequence of a cluster is mapped to all members of the respective cluster as
well as their replicates. Sequences without closely related sequence in the
SILVA reference dataset are considered "unclassified” and assigned to the
virtual taxonomical group ’No Relative’.

All results can be downloaded as CSV and SVG files. Aligned sequence
data can be downloaded in the FASTA and ARB file formats.

If you consider this tool useful and use its results in a publication please
consider citing Quast et al. (1 January 2013) for SILVA and the SILVAngs
pipeline. The pipeline itself uses the following tools: SINA for the alignment
of sequences (Pruesse et al., 2012), VSEARCH for the dereplication and
clustering of sequences (Rognes et al., 2016), BLASTn for the classification
of sequences (Camacho et al., 2009), and KRONA for some parts of the
visualisation of results (Ondov et al., 2011).



2 Material & Methods

Overview of method for analysis (this can roughly be paraphrased for the
purpose of manuscripts and grants):

All sequence reads were processed by the amplicon analysis pipeline of the
SILVA project (SILVAngs 1.4) (Quast et al., 1 January 2013). Each read
was aligned using the SILVA Incremental Aligner (SINA SINA v1.2.10 for
ARB SVN (revision 21008)) (Pruesse et al., 2012) against the SILVA SSU
rRNA SEED and quality controlled (Quast et al., 1 January 2013). Reads
shorter than 50 aligned nucleotides and reads with more than 2% of am-
biguities, or 2% of homopolymers, respectively, were excluded from further
processing. Putative contaminations and artefacts, reads with a low align-
ment quality (50 alignment identity, 40 alignment score reported by SINA),
were idendified and excluded from downstream analysis.

After these inital steps of quality control, identical reads were iden-
tified (dereplication), the unique reads were clustered (OTUs), on a per
sample basis, and the reference read of each OTU was classified. Derepli-
cation and clustering was done using VSEARCH (version 2.15.1; https:
//github.com/torognes/vsearch) (Rognes et al., 2016) applying identity
criteria of 1.00 and 0.98, respectively. The classification was performed
by BLASTn (2.2.30+; http://blast.ncbi.nlm.nih.gov/Blast.cgi) (Ca-
macho et al., 2009) with standard settings using the non-redundant ver-
sion of the SILVA SSU Ref dataset as classification reference (release 138.1;
http://www.arb-silva.de).

The classification of each OTU reference read was mapped onto all reads
that were assigned to the respective OTU. This yields quantative informa-
tion (number of individual reads per taxonomic path), within the limitations
of PCR and sequencing technique biases, as well as, multiple rRNA operons.
Reads without any or weak classifications, where the function “(% sequence
identity + % alignment coverage)/2” did not exceed the value of 93, remain
unclassified. These reads were assigned to the meta group “No Relative” in
the SILVAngs fingerprint and Krona charts (Ondov et al., 2011).

This method was first used in the publications of Klindworth et al. (2013)
and Ionescu et al. (2012).

SILVAngs uses the de.NBI cloud http://cloud.denbi.de to process
all user projects. The de.NBI cloud is a fully academic cloud funded by the
BMBF", free of charge for academic users, which provides compute resources
as well as storage capacity for large-scale scientific projects.
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Project Summary

Project Name: Solengaster

Porject Description: Default configuration
Sequence Type: SSU

Number of Samples: 6

Number of Sequences: 18,558

Number of Rejected Sequences: 22 (0.12%)

Raw Sequence Information

Min. Length: 229
Avg. Length: 251
Max. Length: 275

Aligned Sequence Information

Min. Length: 229
Avg. Length: 251
Max. Length: 275

Quality Information (rejected by)

Alignment BP Score: -
Alignment Identity: -

Alignment Score: 19
Ambiguous Bases:

Homopolymers: 3
Quality: -
Length: -

Clustering Information

Number of OTUs: 638  (3.44%)
Number of Clustered Sequences: 4,326 (23.31 %)
Number of Replicates: 13,572 (73.13%)

Classification Information

Number of Classified Sequences: 18,535 (99.88 %)
Number of “No Relative”: 1 (0.01%)




Project Settings

Alignment
SINA Version: SINA v1.2.10 for ARB SVN (revision
21008)
Min Align. Identity (%): 50
Min Align. Score: 40
Min Basepair Score (%): 30
Quality Control
Min. Sequence Quality (%): 30
Min. Length (aligned nuc.): 50
Max. Ambiguities (%): 2
Max. Homopolymers (%): 2
Clustering
VSEARCH Version: 2.15.1
Min. OTU Identity (%): 98
Classification
BLASTn Version: 2.2.30+
Reference: SILVA
Reference Version: 138.1
Similarity (%): 93




Taxonomic Fingerprint at Phylum Level

o A © © O © Crenarchaeota
A Halobacterota
A Thermoplasmatota
A A A A Acidobacteriota
A A A A A Actinobacteriota
A Armatimonadota
e 6 6 06 B m Bacteroidota
# OTUs / Path Fraction of A A A A A Bde'fO\fibrionota
59 . Sample A Calditrichota
39 100% A A O 0 A A Campylobacterota
19 . A Chloroflexi
1 - A Deferrisomatota
- A Deinococcota
# Sequences A A A A A A Desulfobacterota
60% A A Fibrobacterota
>~ 1000 . A A A A AA Firmicutes
100-1000 . A A Fusobacteriota
= 10 A A Halanaerobiaeota
A A A A Myxococcota
A A 0o 0 B B Nitrospirota
A A A A Patescibacteria
Proteobacteria
0 oo 0000 |
A SAR324 clade(Marine group B)
A A A A Spirochaetota
A Verrucomicrobiota
A No Relative
o)
. N, W, A A, 4
R
%, 6, %, %, %, %,
20505 205 005 0r5 01
St e e St St St
Q- Q. 0. 8. 0. )
72 72 73,73 Lok
By By /s ,/\G\O(\O




Number of OTUs

200

180

160

140

120

100

80

60

40

20

Rarefaction - Overview

INMI.Solengaster.2.repl1
INMI.Solengaster.2.repl2
INMI.Solengaster.3.repl1
INMI.Solengaster.3.repl2
INMI.SolengastergLD.repl1
| |NMI.SoIengasteroLID.repl2

1000

2000

3000

4000

Total number of sequences

5000 6000 7000

8000



Number of Paths
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Number of Sequences (log scale)
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summary: Sequence Quality (Total)
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