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Abstract 
The perception of macroscopic eukaryotes as autonomous is being challenged by a growing appreciation of their 
dependence on microbiome services. Studies on several species of brown algae have revealed specific associated 
bacteria to be essential for normal growth in the host, others for adaptation to low salinity. Among fucoids Fucus 
vesiculosus is unique to inhabit the wide salinity span (~3 – 30 practical salinity units) of the Baltic Sea. The endemic 
F. radicans, believed to have diverged from F. vesiculosus, tolerates only the lower end of the span. Adaptation to low 
salinity in F. vesiculosus and the speciation event resulting in F. radicans has not previously been thoroughly examined 
from a microbiome perspective. Addressed here is the performance of an approach for exploring associated bacteria 
using consensus PacBio 16S sequences gathered from Fucus sp. samples, together with metabiome assembly. To 
investigate both the prospect of a core microbiome and of a low salinity specific microbiome, sequence variants called 
using the denoising inference pipeline DADA2 were filtered from chloroplast sequence contaminants and pooled for 
cluster analysis in CD-HIT. No bacterial sequence was shared by even half of the samples and low salinity samples 
were not distinct. Results from the microbiome assembly using FALCON contained no whole bacterial genomes but 
were pooled and BLAST searched for the 16S sequence producing the largest cluster in CD-HIT. No hit with sequence 
identity close to same species level (≥ 97 %) was found. The main issue during this trial was high chloroplast 
contamination. Filtering out these sequences led to markedly reduced sample sizes with effects propagating throughout 
the project. This means that although records of associated bacteria could not be delivered, abandoning the outlined 
approach would be premature. There is reason to believe that using PCR primers excluding chloroplast 16S sequences 
in the amplification tep prior to sequencing, would result in substantially improved odds for a successful outcome. 
 
Key words: Fucus, microbiome mapping, low salinity adaptation, PacBio CCS, DADA2 
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Sammanfattning 
 
Bilden av makroskopiska eukaryoter som autonoma utmanas av ökad förståelse för att associerade mikrobiom är 
oumbärliga för normal funktion. Studier på flera brunalgsarter har visat att specifika associerade bakterier är essentiella 
för normal tillväxt hos värden, andra som avgörande för adaption till låg salinitet. Bland fucoider har endast Fucus 
vesiculosus habitat som sträcker sig över Östersjöns vida salinitetsspann (~3 – 30 praktiska salinitetsenheter). Den 
endemiska F. radicans, förmodad underart till F. vesiculosus, tolererar endast spannets lägre del. Adaption till låg 
salinitet hos F. vesiculosus och artbildningen som resulterat i F. radicans har inte tidigare noggrant studerats utifrån ett 
mikrobiom-perspektiv. Här bedöms potentialen hos en angreppsmetod för studier av makroalg-associerade bakterier. 
Metoden nyttjar konsensus PacBio 16S-sekvenser insamlade från Fucus sp.-prover i kombination med mikrobiom-
assemblering. Utsikterna för dels ett kärnmikrobiom gemensamt mellan lokaler, dels ett specifikt för lokaler med låg 
salinitet undersöktes. För att åstadkomma detta sammanslogs sekvensvarianter vidimerade av den brusreducerande 
sekvenshärledaren DADA2, filtrerades från kontaminerande kloroplastsekvenser och klustrades i CD-HIT. Ingen 
bakteriesekvens återfanns i ens hälften av proverna och låg-salinitetsprover var inte distinkta. metabiom-assemblering 
i FALCON resulterade inte i några kompletta bakteriegenom, men resultat från flera försök sammanslogs för BLAST-
sökning med den 16S-sekvens som producerat det största klustret i CD-HIT. Ingen träff med sekvensidentitet nära 
gränsen för samma art (≥  97 %) kunde identifieras. Studiens huvudsakliga problem var hög kloroplastsekvens-
kontaminering. Att filtrera ut dessa sekvenser ledde till markant reducerade provstorlekar med effekter som fortplantade 
sig genom projektet. Detta innebär att fastän en förteckning över associerade bakterier inte kunde framställas, vore det 
förhastat att döma ut den beskrivna metoden. Att vid amplifiering inför sekvensering nyttja PCR-primrar som exkluderar 
kloroplast-16S-sekvenser skulle troligen avsevärt skulle förbättra oddsen för ett lyckat utfall. 
 
 
Nyckelord:  Fucus, mikrobiomkartering, lågsalinitets-anpassning, PacBio CCS, DADA2
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1 Introduction 
Advancements in genomics and metabolomics have 
expanded the appreciation for normal function in 
eukaryotes at large being dependent on their associated 
microbiomes. Following this understanding, the 
perception of what is a unit of selection in evolution has 
shifted towards the holobiont: the animal or plant together 
with their associated microbiome (Zilber-Rosenberg & 
Rosenberg, 2008). A strict definition for this term is 
lacking and opinions on its usefulness are far from 
unanimous (Madhusoodanan, 2019). To settle the 
dissensions, further researching host-microbiome 
interactions should be central. 
 

1.1 Algal-bacterial interactions 
The notion of bacteria affecting growth in macroalga is not 
a new one, half a century has passed since normal growth 
in the brown algae Ectocarpus fascicualtus and Pylaiella 
litoralis was found to rely on a cytokinin produced by 
bacteria (Pedersén, 1968, 1973). Since then, a wealth of 
algal-bacterial interactions have been established, 
ranging from morphological development in the host 
being governed by bacterial phytohormone production, to 
biofilms regulating where algal zoospores settle and 
epibiontic bacteria increasing nutrient availability for the 
host or protecting int against toxic compounds (Goecke et 
al., 2010). In the brown algae Ectocarpus siliquosus a 
specific associated bacterium, Phaeomarinobacter 
ectocarpi, was found to be essential for host adaptation 
to low salinity (Dittami et al., 2016), possibly indicating this 
bacteria being a driver of evolution. 

The brown algae Fucus vesiculosus is widespread 
along North Atlantic shores (HELCOM, 2013) but also 
tolerates the extreme salinity gradient of the Baltic Sea, 
where it reproduces down to approximately 4.5 practical 
salinity units (PSU) (Kalvas & Kautsky, 1993). The Baltic 
Sea having been in contact with the marine environment 
of the North Sea only the last 8,300 years (Andrén, 
Andrén, & Kunzendorf, 2000), means that all adaptation 
and speciation events that have taken place here are 
relatively recent. The adaptation to low salinity of F. 
vesiculosus is no exception. Also, during this time period  
F. radicans, endemic to the Baltic Sea and tolerating only 
the lower range of the salinity span, has diverged enough 
from F. vesiculosus to now be considered a species on its 
own (Forslund & Kautsky, 2013). 

F. vesiculosus individuals have been shown to 
tolerate being moved from high to low salinity, whereas 
variance in tolerance of associated bacteria causes this 
to greatly affect the microbiome composition (Stratil, 
Neulinger, Knecht, Friedrichs, & Wahl, 2014). If F. 
vesiculosus is dependent on bacteria for normal function, 
as other brown algae have been shown to be,  in order to 

adapt to low salinity, it has to either enjoy the company of 
sufficient bacteria also tolerating the salinity span, or it 
has to be able to successively recruit new bacteria to 
provide for essential functions.  

Recently, a first attempt to map the microbiome of F. 
vesiculosus was made where associated bacteria were 
classified to family level by clustering Illumina MiSeq 
short-reads of the 16S rRNA gene (hence referred to as 
16S) hypervariable regions V3 – V4 into operational 
taxonomic units (OTUs) (Parrot et al., 2019). 
 

1.2 Technological advancements: high resolution 
long-read sequencing 
Sequencing the full 16S rRNA gene at high resolution 
would facilitate correctly assigning lower taxonomic 
ranks, e.g. mapping to species-level. Short-read 
sequencing, e.g. Illumina, has the drawback that the 
generated reads reach lengths of only 100 – 500 base 
pairs (bp) (Callahan et al., 2019). This is too short to span 
the entire 16S gene (~1,400 – 1,900 bp) (Karst et al., 
2018). As keeping the error rate low is central, piecing the 
gene together from fragments is undesirable. Long-read 
sequencing, e.g. Pacific BioSciences (PacBio), can 
produces reads exceeding 100 kbp, but despite easily 
spanning the entire 16S gene, it initially failed to increase 
resolution compared to Illumina due to its substantially 
higher base call error rate (PacBio ~10 %, Illumina ~ 0.5 
%) (Callahan et al., 2019). With the advent of the circular 
consensus sequence (CCS) method, i.e. repeatedly 
reading a circularized form of amplified loci, the error rate 
of PacBio has been brought almost to par with that of 
Illumina (Callahan et al., 2016). 

To improving the resolution of PacBio CCS reads the 
denoising sample inference pipeline Divisive Amplicon 
Denoising Algorithm (DADA2), has recently been 
adapted to long-reads. The algorithm statistically 
assesses the sequencing error rate of the specific data 
set at hand, based on the sequencing technique used and 
base quality scores. The error rate estimate is then used 
to identify true amplicon sequence variants (ASVs) as 
occurring too often to be the result of errors, separating 
them from sequencing noise (Callahan et al., 2019). This 
combined methodology has been shown to allow 
sequencing of the full 16S gene with resolution high 
enough to discern between strains of the same species 
(Callahan et al., 2019).  
 

2 Aims 
The main object of this study was to evaluate the 
performance of a PacBio CCS and DADA2 based method 
for resolving the prospect of a core microbiome shared 
between Fucus sp. populations sampled from varying 
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salinities. Further ambitions included investigating the 
prevalence of a low salinity specific microbiome as well 
as making a comparison of microbiome composition in F. 
vesiculosus and F. radicans. To enable characterization 
of associated bacteria of interest, metagenome assembly 
of reads from four populations was also attempted. All in 
all, this aimed to build on earlier mapping results (Parrot 
et al., 2019) and further pave the way for in depth 
investigation of host-microbiome interactions. 
 

3 Materials and Methods 
3.1 Sampling and Sequencing 
In August 2014 Fucus sp. populations from The North and 
Baltic Seas were sampled for investigation of the genetic 
diversity in Fucus vesiculosus, one of the eight species 
targeted for in depth analysis by the Centre for Marine 
Evolutionary Biology at Gothenburg University. Out of 
these, twenty-two samples (Figure 1) covering a wide 
salinity range were selected for microbiome sampling 
using an ad hoc microbiome sampling approach. 

Extraction of F. vesiculosus genomic DNA from flash 
frozen thalli of twenty individuals per population was 
performed as described by Panova et al. (2017) and 
followed by DNA quality and integrity assessment using 
Nanodrop on a 1 % agarose gel (Pereyra, 2019). DNA 
quantification was performed with a Qubit dsDNA broad 

range AssayKit (Invitrogen-ThermoFisher Scientfic) 
(Pereyra, 2019).  
Amplification of the 16S gene was performed following a 
PacBio sequencing protocol (Pacific Biosciences of 
California, Inc.) (Pereyra, 2019). The method is based on 
two-step PCR amplification and does not require 
synthesis of barcode-specific 16S PCR primers. In the 
first PCR round a universal tail consisting of a 5´block 
(NH4-C6) is added to the forward and reverse primers 
(27F and 1492R), ensuring that amplicons from this first 
round do not ligate to the PacBio adapters during 
sequencing (Pereyra, 2019). In the second round 
barcodes are added using PacBio Universal primers 
(Pereyra, 2019). 

After PCR the individual samples were pooled 
equimolarly by population using AMPure PB Bead 
purification following the manufacturer’s instructions 
(Pereyra, 2019). Sequencing was performed on the 
PacBio platform from SciLife laboratories, Uppsala 
(Pereyra, 2019). 

DNA extracted from F. vesiculosus-samples 
gathered at four of the sampling locations (Kuggören, 
Primorsk, Vejbystrand and Helsinki) was subjected to 
whole-genome sequencing (WGS), also using the PacBio 
Sequel system. All sampling and sequencing steps lined 
out here were carried out prior to the onset of the 
subsequent analysis addressed by this report.
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Figure 1 Locations sampled in 2014. A steep salinity gradient from the North Sea and through Oresund into the Baltic Sea was covered by close 
sampling from mainly the Swedish west coast and the Danish east coast.  Samples in the Gulf of Bothnia and the Gulf of Finland constitute two 
replicates for the Baltic proper.

3.2 Sample inference 
Multiplexed PacBio CCS reads were demultiplexed by 
population specific barcode in Lima version 1.9.0 using 
flags: same, ccs, min-score 26 (as recommended by user 
manual), min-passes 1 (omitting sequences without both 
adapters intact) and split-bam to produce separate output 
files for the respective populations.  

Denoising sample inference, to extract true ASVs 
from the demultiplexed reads, was carried out in DADA2 
version 1.12.1 with parameters: error_fwd <– nreads 1e8, 
minLen 1000, maxLen 1600, minQ 2, maxMismatch 2. 
After sample inference the DADA2 pipeline assigns 
taxonomic affiliations to rank of choice, by comparing 
inferred ASVs to a reference database, here Silva 
reference database version 132 was used. Initial runs 
were performed with assignTaxonomy Family and 
subsequently Phylum. 
 

3.2.1 Decontamination 
To disclose any Fucus sp. chloroplast 16S sequence 
contamination, headers of all sequences in the sample-

files were made unique and a Basic Local Alignment Tool 
(BLAST) search towards Nucleotide collection at the 
National Centre for Biotechnology Information (NCBI) 
was performed (database downloaded May 5th, 2019). 
BLAST results were examined in the interactive sequence 
data explorer MEGAN version 6.17.0. for identification of 
ASVs producing hits with sequences belonging to the 
same infrakingdom, stramenopiles (i.e. heterokonta), as 
F. vesiculosus. sequences thus identified were filtered out 
by means of the unique headers. Filtered samples were 
then subjected to additional rounds of analyses in DADA2 
with parameter settings as above and assignTaxonomy 
Family and Genus. 
 

3.3 Clustering 
For further investigation of both the prospect of a core 
microbiome and prevalence of a low salinity specific 
microbiome, the denoised samples were clustered in 
Cluster Database at High Identity with Tolerance (CD-
HIT) version 4.6.8 with sequence identity cut-off, c 1, 
0.99, 0.98, 0.97, 0.96 and 0.95, to identify sequences 
shared between samples at 100 – 95 % identity. CD-HIT 
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sorts input sequences by length and defines the longest 
sequence as centre for a first cluster. All other sequences 
are then compared with the centre and deemed also 
representatives of this cluster if meeting the set identity 
cut-off (Fu et al., 2012). Rather than performing an all-by-
all comparison, CD-HIT determines identity in a 
procedure based on statistical analysis of k-mer 
(sequence “words” of length k) distribution in real 
alignments (Fu et al., 2012). To pass a given identity cut-
off a certain number of identical k-mers must be shared 
(Fu et al., 2012). 

For resulting clusters grouping ≥ three samples and 
two clusters grouping only two samples, the ASV at the 
centre of the cluster was used as query in a BLAST 
search towards Nucleotide collection at NCBI (2019-10-
14) for possible identification.  
 

3.4 Assembly 
The four sets of WGS sequence data, Kuggören 
(2,525,908 subreads, 5,327,527,569 bp), Primorsk 
(2,519,485 subreads, 5,372,509,014 bp), Vejbystrand 
(4,444,698 subreads, 10,322,232,795 bp) and Helsinki 
(2,877,283 subreads, 6,115,470,862 bp) were assembled 
using the de novo PacBio assembler FALCON, falcon-kit 
version 1.4.2, a hierarchical assembler suitable for large 
diploid as well as smaller haploid genomes (Chin et al., 
2016). By aligning shorter reads to longer seed reads, 
defined by user-set length cut-off, FALCON produces an 
error corrected primary assembly consisting of pre-
assembled reads (p-reads) (Chin et al., 2016). P-reads 
are then aligned to each other in order to generate 
primary contigs (p-contigs) and homologous associated 
contigs (a-contigs), the latter representing structural 
variation between sequences (Chin et al., 2016). 

For all four WGS-read sets several assembly 
attempts were made, varying the parameters: seed length 
cutoff -1, 10.000; max_cov 100, 1000; min_cov 2, 3, 5; 
max_diff 100, 1000; seed_cov 20, 40 and predicted 
genome size 0, 5,000,000, 40,000,000. Assembly output 
was then reviewed in Bandage version 0.8.1. Lastly, all 
resulting p-contigs and a-contigs from sixteen of the 
largest assemblies were pooled to form a database. The 

ASV at the centre of the largest bacterial cluster produced 
in CD-HIT, a 1443 bp long ASV from the Ebeltoft sample, 
was then used as query in a BLAST search against the 
assembly result database. 

 

4 Results 
4.1 Sample inference 
Initial DADA2 analysis with assignTaxonomy set to 
Family, reported a majority of ASVs from all samples as 
NA (not assigned). Supplementary analysis with 
assignTaxonomy set to Phylum resolved these as 
Cyanobacteria (Figure 2). 

 

4.1.1 Decontamination 

In all samples a majority of sequences produced BLAST 
hits with sequences of stramenopiles origin. As a result, 
filtering these out led to markedly reduced sample size 
(Table 1).  
 

 
  

Figure 2 Phyla assigned to non-prefiltered samples by the DADA2 
pipeline using the Silva reference database (v. 132). 
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Table 1 BLAST and filtering results. For each population: initial number of sequences in sample, number of unique stramenopiles hits, number 
of unique bacterial hits and number of sequences remaining after filtering. Discrepancy in totals listed is due to specific sequences occurring 
multiple times in samples.  

Sample Unfiltered Stramenopiles Bacteria  Filtered 

Kuggören 19,134 11,474 280 612 

Kuggören replicate 25,618 15,885 622 1,214 

Ottenby 25,933 15,809 716 1,373 

Helsinki 16,901 10,197 495 957 

Västervik 15,704 9,198 429 877 

Primorsk 11,354 6,428 774 1,410 

Tjärnö 33,303 20,337 586 1,258 

Tjärnö replicate 37,969 22,140 1,164 2,304 

Panga Pank 14,061 6,688 1,318 2,819 

Vejbystrand 23,630 13,939 496 1,099 

Falsterbo 15,350 8,822 452 968 

Landskrona 21,728 12,570 611 1,244 

Kivik 19,753 10,919 903 2,005 

Espevik 23,910 14,359 634 1,253 

Storskäret 16,376 9,035 597 1,275 

Sassnitz 25,212 15,101 822 1,985 

Järnäs 21,944 13,405 431 905 

Hällkälla 16,841 9,807 730 1,375 

Stege 24,006 12,909 1,174 2,768 

Ebeltoft 26,334 16,170 723 1,389 

Letipea 27,641 16,789 870 1,640 

Bønnerup 30,250 18,748 882 1,545 

The extensive sample size reduction entailed the DADA2 
denoising step to remove a larger proportion of input 
sequences, compared with the unfiltered sample. Final 
sample sizes thus reached extremely low totals of 1 – 30 
ASVs. DADA2 orienting and filtering steps also removed 

relatively more sequences from the filtered samples, 
albeit to a minor extent (Table 2).  
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Table 2 Comparison of DADA2 sample inference in non-prefiltered and prefiltered samples. For each DADA2-processing step: orienting, 
filtering and denoising, the total remaining post processing number of sequences per sample are listed. 

Non-prefiltered samples Prefiltered samples 

Locality Input Oriented Filtered Denoised Input Oriented Filtered Denoised 

Bønnerup 19,714 15,245 10,138 9,366 966 713 390 7 

Ebeltoft 17,039 12,868 8,334 7,958 1,055 694 382 9 

Espevik 15,112 11,333 7,197 6,765 869 556 245 8 

Falsterbo 9,407 7,281 4,213 3,971 850 527 233 8 

Hällkälla 10,657 7,960 4,864 4,493 555 299 125 2 

Helsinki 10,781 8,072 5,118 4,900 751 397 141 4 

Järnäs 13,960 10,539 6,671 6,391 753 429 181 4 

Kivik 12,078 9,311 5,378 5,075 1,159 802 308 10 

Kuggören 11,836 9,289 5,638 5,483 585 310 118 5 

Kuggören rep. 16,618 12,578 8,288 8,058 641 370 154 6 

Landskrona 13,309 10,263 6,048 5,770 1,582 1,213 554 18 

Letipea 17,844 13,489 8,747 8,085 1,365 972 379 21 

Ottenby 16,630 12,751 8,261 7,995 745 498 207 14 

Panga Pank 8,270 6,519 3,436 2,810 526 253 91 3 

Primorsk 7,297 5,191 3,253 2,840 584 310 107 2 

Sassnitz 16,351 12,365 8,200 7,733 821 521 203 15 

Stege 14,457 11,461 6,480 5,739 733 431 172 14 

Storskäret 9,786 7,238 4,507 4,184 362 186 68 1 

Tjärnö 21,082 16,126 10,075 9,850 1,250 848 467 30 

Tjärnö rep. 23,505 18,604 11,311 10,967 739 402 151 6 

Västervik 9,724 7,353 4,289 4,063 869 510 216 21 

Vejbystrand 14,580 11,308 6,813 6,555 1,548 1,184 564 21 

Total 310,037 237,144 147,259 13,9051 19,308 12,425 5,456 229 

Retained (%):  ~76.5 ~62.1 ~94.4 
 

~64.4 ~43.9 ~4.2 

Tot. removed (%):   ~55.15   ~99.98 

With sample sizes this small, diversity indices otherwise 
implemented by DADA2 (Chao1, Chao2, ACE, Pielou 
Evenness, Shannon) could not to be calculated. Also 
omitted due to sample size was sample dissimilarity 
estimation (composition and abundance). For sufficient 
sized samples dissimilarity is illustrated in DADA2 output 
by a non-metric multidimensional (NMDS) plot. For the 
NMDS plot to be produced, the number of points, n (here, 
ASVs) in each dimension, k (here, sample comparisons) 
should be n > 2 * k + 1, i.e. sample size > 2 * (number of 
sample comparisons) + 1. After denoising no sample size 
met this condition. 
 

4.2 Taxonomic assignment 
Taxonomic assignment at family level revealed 
Arcobacteraceae (also known as Campylobacteraceae, 

Epsilonproteobacteria), to be represented at very low 
abundance in all samples. Pirellulaceae 
(Planctomycetes) was represented in thirteen samples 
from a wide salinity span, but never < 4 PSU. 
Rhodobacteraceae (Alphaproteobacteria) was 
represented in five samples from a wide salinity span (~26 
– 3.6 PSU). The Primorsk sample stood out as almost 
entirely consisting of Leptolyngbyaceae (Cyanobacteria) 
not represented in other samples (Figure 3). 
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Figure 3 Families assigned, by the DADA2 pipeline using the Silva 
reference database (v. 132), to samples prefiltered for stramenopiles 
exclusion. 

 
Taxonomic assignment at genus level showed 
Arcobacter (Epsilonproteobacteria, 
Campylobacteraceae) as represented in sixteen samples 
spanning the entire represented salinity span and 
Blastopirellula (Planctomycetes, Planctomycetaceae) 
was represented in eighteen samples. Contradicting the 
assigning family results, the genus Actibacterium 
(Alphaproteobacteria, Rhodobacteraceae) was 
represented in all samples, Bønnerup possibly being the 
exception (Figure 4). 

 

 
Figure 4 Genera assigned, by the DADA2 pipeline using the Silva 
reference database (v. 132), to samples prefiltered for stramenopiles 
exclusion. 

 
4.3 Clustering 
Despite the extensive sample size reduction clusters 
formed even at 100 % identity cut-off. At 97 % identity cut-
off thirty-two clusters were formed. The largest cluster 
(21, Table 3) grouped sixteen samples by an ASV 100 % 
identical in all samples, with the exception of an ASV from 
Vejbystrand with 99,93 % identity. BLAST search with this 
ASV as query identified it as being of F. vesiculosus 
chloroplast origin (100 % coverage, 100 % ID). The 
second largest cluster (12, Table 3) at the same cut-off 
grouped five high-salinity populations by ASVs of 100 – 
99,45 % identity. The two top BLAST-hits (both 100 % 
coverage, 97.85 % ID) for this ASV were with uncultured 
bacteria (JF769593.1, JF769497.1) sampled from the 
phycosphere of green algae in the genus Enteromorpha 
in China. At slightly lower identity (100 % coverage, 97.78 
% ID) fifteen additional uncultured bacteria were found. 
The third largest cluster (13, Table 3) grouped three 
samples by ASVs of 97.43 – 99.93 % identity, all from 
localities with salinity around 7 PSU. Top BLAST-hit (100 
% coverage, 97.16 % ID) was an uncultured 
planctomycete (LC006277.1) isolated in Japan from the 
red algae Pyropia yezoensis and from Zostera marina. 
Further, BLAST searches with ASVs from clusters 
grouping only two localities (not listed here) also 
produced hits with uncultured bacteria gathered in 
macroalgal project.
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Table 3 All CD-HIT clusters grouping ≥ 3 samples at identity cut-off set to ≥ 97 %. Sample locations are sorted by increasing salinity and all 
included in cluster are uniformly shaded. ASV at the cluster centre denoted by *, others by percentual identity with centre. Percentual span 
reflects identity of several hits within a given sample. 

  Cluster 

Salinity (PSU) Locality 21 12 13 

3.1793 Primorsk    

3.6291 Hällkälla    

3.8926 Järnäs    

4.5674 Letipea 100.00   

4.9052 Kuggören    

4.9052 Kuggören replicate 100.00   

4.9724 Helsinki    

5.3187 Storskäret 100.00   

6.83 Panga Pank 100.00   

6.9786 Sassnitz 100.00  99.79 – 99.93 

6.9984 Västervik 100.00   

7.159 Ottenby 100.00  99.72 – 99.93 

7.5044 Kivik 100.00  * / 97.43 

9.6542 Stege    

11.0701 Falsterbo 100.00   

12.0827 Landskrona 100.00   

17.7183 Vejbystrand 99.93 100.00  

19.343 Espevik 100.00 99.86  

22.6972 Ebeltoft 100.00 *  

24.8965 Bønnerup *   

26.0872 Tjärnö 100.00 99.51 – 100.00  

26.0872 Tjärnö replicate 100.00 99.45 – 99.93  
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4.4 Assembly 
No whole bacterial genome could be produced, see Table 
4 for representative selection of assembly results. Pooling 
the 16 largest assembly attempts produced a database 
containing a total of 2,671 p-contigs and a-contigs with an 

average length of ~6,990 bp and a total length of 
18,669,957 bp. The best BLAST hit using the 1443 bp 
Ebeltoft ASV from the largest bacterial cluster as query, 
had 76 % identity. 
 

Table 4 FALCON assembly results. Total length: assembly size without overlap. Estimated length: Bandage estimate of actual genome size 
based on FALCON assembly. Largest construct: largest continuous contig-construct. Largest circularized: largest circularized construct. Helsinki 
represented by only one assembly attempt as it alone contained the largest results for all categories. 

Sample Total length (bp) Estimated length (bp) Largest construct (bp) Largest circularized (bp) 

Kuggören 581,992 1,021,158 223,138 36,271 

 489,153 878,477 226,174 36,283 

Primorsk 428,007 827,445 150,290 36,307 

 339,576 700,755 160,471 36,299 

Vejbystrand 1,999,383 3,350,504 541,848 26,255 

 647,570 964,608 569,484 124,979 

Helsinki 483,979 948,891 144,797 36,328 

5 Discussion 
The main aim of this project, to evaluate the performance 
of the PacBio CCS and DADA2 set up, was obstructed 
early on by the need to filter out a large proportion of the 
samples due to high contamination of 16S sequences of 
chloroplast origin. The expanded issue of DADA2 
denoising further decimating small samples could 
possibly have been ameliorated by adjusting the 
learnError parameter nreads, which can be fitted to 
sample sizes down to a few hundred reads (Callahan et 
al., 2016). This remains to be tested. 

Sampling algae associated bacteria is commonly 
done by either swabbing the thali surface using cotton 
swabs or pressing thalli directly against agar (Parrot et al., 
2019; Stratil et al., 2014). The method used in 2014 to 
collect the DNA samples investigated here (see  3.1 
Sampling and Sequencing) was designed for sampling 
the macroalgae itself, rather than associated bacteria. 
The thought behind using this type of samples for 
microbiome mapping was in part born from bacterial 
contamination being a common issue in eukaryote 
genome sequencing projects. Turning this into an 
opportunity to map the microbiome along with sequencing 
the host would be valuable. To at this point rule out the 
methodology as a failure, on account of the outcome 
outlined above, would be premature. There is reason to 
believe contamination should not have been an issue had 
16S primers excluding chloroplast sequences, such as 
799F primers (Aires, Serrão, & Engelen, 2016; Vieira et 
al., 2016) been used. This type of primer takes advantage 
of three small mismatches (1 – 2 bp long) in the 16S gene 
that can be used to block chloroplast 16S amplification, 
without causing severe bias in bacteria detection 
(Hanshew et al., 2013). 

The assembly of WGS reads was initially expected to 
produce a F. vesiculosus genome along with a set of 
bacterial genomes. As not enough sequence data was 
retrieved from either of the four samples, this was not 
possible. The reason as to why more data was produced 
from the sequencing is not resolved. Possible effects of 
the sampling method used should be defined. 

No conclusions on taxonomic composition should be 
drawn from the results gathered in this trial. There are 
several reasons for this. 1) Noted occurrences are based 
exclusively on the plots output by DADA2 (Figure 3 and 
Figure 4) as no other taxonomic report was produced. 2) 
There is good reason to doubt sample sizes this small are 
representative of the intact bacterial communities. 3) 
Family and genus level taxonomic assignment results to 
a certain extent contradicted each other, further 
undermining the credibility. This being said, the wide 
distribution of primarily the phyla proteobacteria and 
planctomycetes is in line with earlier mapping results 
(Parrot et al., 2019). Rhodobacteraceae, the 
alphaproteobacterial family previously found to dominate 
the microbiome (Parrot et al., 2019), was represented at 
family level in only five localities here, albeit at relatively 
high abundance. However, at genus level it was 
represented by Actibacterium in all samples.  

The clustering results suffers from the same sample 
size-based unreliability as does the taxonomic 
assignment. However, one high salinity (~18 – 26 PSU) 
and one low salinity (7 – 7.5 PSU) clusters were found 
and got BLAST hits towards alga associated bacteria. 
Such clusters turning up in these very small samples 
should, at the very least, not be discouraging. The outlook 
for a hit towards the assembly database with the ASV 
from the largest bacterial cluster was slight at best, as 
only one of the localities from which WGS reads were 
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retrieved (Vejbystrand) was included in the cluster at all. 
Furthermore, a large variety in species and genus level 
microbiome composition between F. vesiculosus 
individuals has previously been noted (Stratil et al., 2014). 
This suggests any microbiome dependence might be 
found in higher taxonomic ranks, causing investigation of 
16S sequences at a ≥97 % identity cut-off not being 
instrumental. 

In conclusion, in order to properly evaluate the 
method outlined here, additional trials should be made 

using primers of the 799F-type to avoid chloroplast 16S 
contamination.  
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