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High Throughput Sequencing of Full-length SSU rRNA Sequences from
Complex Microbial Communities without Primer Bias
and how It Affects our Ability to Study Microbial Ecology

M. S. Dueholm, S. M. Karst, S. J. Mcllroy, R.H. Kirkegaard, P. H. Nielsen, and M. Albertsen
Center for Microbial Communities, Department of Chemistry and Bioscience, Aalborg University, Denmark

Introduction
The small subunit (SSU) ribosomal RNA (rRNA) genes have been used to study of microbial diversity and evolution for the last 30 years. Today,
databases containing full-length SSU rRNA reference sequences remains fundamental for many core analyses in microbial ecology, such as community
profiling using 16S/18S rRNA amplicon sequencing and in-situ studies based on fluorescence in situ hybridization (FISH) microscopy. The quality of the
data produced relies heavily on the reference databases used, and it is widely recognized that the current databases are underpopulated, ecosystem
skewed, and subject to primer bias. Here we present a method that combines reverse transcription of polyadenylated full-length SSU rRNA molecules
with lllumina based synthetic long-read sequencing to obtain high quality, full-length SSU rRNA sequences in a high throughput manner. We applied the
approach to complex samples from seven different ecosystems and obtained more than 1,000,000 SSU rRNA gene sequences from all domains of life
with an estimated raw error rate of 0.17%. We observed a high fraction of novel diversity including several deeply branching phylum level lineages. Here
we describe how the method works and demonstrate how the access to comprehensive ecosystem specific SSU databases affect our ability to study
microbial ecology.
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The hidden diversity of the rare biosphere
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Figure 1. Overview and validation of the full-length SSU rRNA sequencing protocol. a, Schematic overview of the preparation of full-length SSU rRNA gene sequences from total community RNA.
First, SSU rRNA is enriched from extracted total community RNA using size selection. The enriched SSU rRNA is polyadenylated and the polyA-tail used as a generic priming site for first strand synthesis
(reverse transcription). Another generic priming site is added to the other end of the cDNA molecule by single stranded ligation and used for second strand synthesis. PCR adaptors used for first and
second strand synthesis contain unique tags (green and blue), which, in combination, become the unique “linked-tags” of the molecules. The adaptors also contain generic priming sites that are used
for PCR amplification of the tagged molecules. The amplicons are size selected to remove incomplete or truncated products. A defined number of full-length SSU rRNA amplicons are amplified with
PCR to generate >10,000 copies of each uniquely tagged amplicon. The clonal amplicon library is split in two and used for preparing a read-tag library and a linked-tag library. The read-tag library is
prepared by fragmenting the full-length SSU rRNA amplicons using Illumina Nextera tagmentation and library preparation. The resulting sequencing outcome is an internal SSU rRNA fragment read
connected to a single unique tag read. The linked-tag library is prepared by circularizing full-length SSU rRNA amplicons to physically link the tags in close proximity. PCR is used to amplify the linked-
tags, which are then identified with sequencing. The linked-tags are used to bin all SSU rRNA fragment tag-reads originating from the same parent molecule. De novo assembly is used to recreate the
parent SSU rRNA gene sequence. The resulting sequences are finally, trimmed for adaptors, filtered and classified by HMM domain soting. b, Size distribution of assembled SSU rRNA gene sequences
from the mock community. ¢, Error count distribution for raw SSU rRNA sequences from the mock community (Numbers indicate percent of all 16S rRNA gene sequences). d, Adaptation of the method
to be used with primers. Generic primer binding sites and unique tags are added to each end of the target by two round of PCR and the resulting tagged amplicons are treated in the same way as the
tagged cDNA molecules.

Application to environmental samples
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2,500,000 Figure 4. Rarefaction curves for the different samples split based on kingdom. Deep sequencing of sediment samples demonstrates an amazing diversity of the rare biosphere in theses samples with
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alignment positions, and the tree calculated using FastTree v. 2.1.3 SSE3 (Price et al., 2010). Reference sequences appear black whilst those
generated in the current study are color coded based on their similarity to existing database sequences. b, The percent identity of SSU rRNA
gene sequences in the samples compared to their closest relatives in the SILVA database. A: Archaea, B: Bacteria, E: Eukaryota.
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