Universiteit

w4 Leiden
The Netherlands

Role of intestinal microbiota in cardio-metabolic diseases
Katiraei, S.

Citation
Katiraei, S. (2023, March 30). Role of intestinal microbiota in cardio-
metabolic diseases. Retrieved from https://hdl.handle.net/1887/3589804

Version: Publisher's Version
Licence agreement concerning inclusion of doctoral
License: thesis in the Institutional Repository of the University
of Leiden

Downloaded from: https://hdl.handle.net/1887/3589804

Note: To cite this publication please use the final published version (if
applicable).


https://hdl.handle.net/1887/license:5
https://hdl.handle.net/1887/license:5
https://hdl.handle.net/1887/license:5
https://hdl.handle.net/1887/3589804

o

EVALUATION OF FULL-LENGTH
VERSUS V4-REGION 16S RRNA
SEQUENCING FOR PHYLOGENETIC
ANALYSIS OF MOUSE INTESTINAL
MICROBIOTA AFTER A DIETARY
INTERVENTION

Saeed KATIRAEI, Yahya ANVAR, Lisa R. HOVING,
Jimmy EP. BERBEE, Vanessa VAN HARMELEN,
Ko WILLEMS VAN DIJK,

Parts of this chapter are published as Katiraei et al. “Evaluation of full-length versus V4-region 16S rRNA se-

quencing for phylogenetic analysis of mouse intestinal microbiota after a dietary intervention.” Curr Micro-
biol. (2022)

75



76 EVALUATION OF FULL-LENGTH VERSUS V4-REGION 16S RRNA SEQUENCING

ABSTRACT

The composition of microbial communities is commonly determined by sequence analy-
ses of one of the variable (V) regions in the bacterial 16S rRNA gene. We aimed to assess
whether sequencing the full-length versus the V4 region of the 16S rRNA gene affected the
results and interpretation of an experiment. To test this, mice were fed a diet without and
with the prebiotic inulin and from cecum samples, two primary data sets were generated:
1) a 16S rRNA full-length data set generated by the PacBio platform; 2) a 16S rRNA V4 re-
gion data set generated by the Illumina MiSeq platform. A third derived dataset was gen-
erated by in silico extracting the 16S rRNA V4 region data from the 16S rRNA full-length
PacBio data set. Analyses of the primary and derived 16S rRNA V4 region data indicated
similar bacterial abundances, and o- and (-diversity. However, comparison of the 16S
rRNA full-length data with the primary and derived 16S rRNA V4 region data, revealed
differences in relative bacterial abundances, and o- and (3-diversity. We conclude that the
sequence length of 16S rRNA gene and not the sequence analysis platform affected the re-
sults and may lead to different interpretations of the effect of an intervention that affects
the microbiota.
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5.1. INTRODUCTION

The composition of gut microbiota have been associated with a variety of pathophysi-
ological conditions, including obesity, low grade inflammation and overt disease [1, 2,
3]. We [4, 5, 6] and others [7, 8] have exploited possibilities to beneficially affect micro-
biota using probiotics or dietary compounds that affect the composition and/or activity
of the gut bacteria. To determine the success of intervention, the composition of gut
microbiota are commonly determined by massive parallel sequencing of one of the vari-
able (V) regions of the bacterial 16S rRNA gene [9]. Sequence analysis of the V-region
of 16S rRNA has proven to be a powerful tool to describe the composition of bacterial
communities [10, 11]. However, the resolution of the taxonomic description of the com-
munities is limited by the uniqueness of the V-region sequences and available reference
databases [12]. Numerous different bacterial species have almost identical V-region se-
quences which makes distinguishing between these bacteria based on a single V-region
impossible. The currently available 16S reference databases that are used for taxonomic
classification of 16S sequencing data are still quite limited and do not contain a reference
sequence for all experimentally obtained 16S sequences [13, 14]. Therefore some 16S V-
region sequences can only be assigned up to the family and/or genus level or cannot be
assigned at all.

Massive parallel sequencing of 16S rRNA V-regions has been made possible by the
development of next generation sequencing technology (NGS). A typical NGS run on for
example an Illumina MiSeq will provide several million 250 bp paired-end reads per flow
cell. The advantage of high throughput is countered by the relatively short reads that are
produced by NGS. Although many of the limitations of short read sequencing can be
addressed using computational approaches, it is extremely challenging, if not impos-
sible, to assemble longer sequences composed of highly homologous parts. Examples
of this are repeat sequences in the human genome, but also the genomes of the various
bacteria that constitute the microbiota. A number of so-called third generation sequenc-
ing technologies have been developed to overcome these limitations by sequencing very
long amplicons. One such approach is developed by Pacific BioSciences (PacBio) and is
termed single-molecule real-time (SMRT) sequencing [15].

We aimed to assess whether sequencing the full-length 16S rRNA gene using SMRT
sequencing affected the results and interpretation of a dietary intervention compared to
sequencing only the V4 region of this gene. This study included two experimental condi-
tions; a Western-type diet (WTD) and a WTD complemented with the fibre inulin. Inulin
is a fructose polymer that can only be degraded by intestinal microbiota and therefore
strongly favours the expansion of specific intestinal microbiota [16, 17, 18, 19]. To com-
pare the effects of the dietary intervention measured on either the PacBio or Illumina
MiSeq platform, we performed taxonomic analysis and diversity analysis on primary and
derived data sets.
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5.2. MATERIALS & METHODS

5.2.1. CECUM SAMPLES

Cecum content was collected for microbial analysis. The cecum samples used in study
were obtained in the context of a larger study of which the results were published re-
cently [5].

5.2.2. DNA ISOLATION

From cecum samples, genomic DNA was extracted using phenol: chloroform: isoamy-
lalcohol (25: 24: 1) (Invitrogen), precipitated with isopropanol, and washed with 70%
ethanol.

5.2.3. PACBIO SEQUENCING

16S rRNA full-length amplification was performed using degenerate primers contain-
ing 5’ M13 universal tail sequences (Table S5.1). The 16S locus was amplified using LA
Taq polymerase (Takara) with 400 uM dNTPs, 50ng DNA template, and 400 nM of each
primer in 1x LA buffer + magnesium with 30 cycles of PCR (20 sec 94°C, 30 sec 48°C, 2 min
68°C). PCR reactions were size selected using 0.65x AMPure XP beads (Beckman Coulter).
Amplicons were barcoded in a second PCR reaction containing universal tail oligos com-
plementary to the M13 universal tail sequences (Table S5.1). Barcodes were added using
Herculase II Taq polymerase (Agilent) with 250 pM dNTPs, 2ul of purified PCR product,
and 400 nM of each primer in a 1x reaction buffer with 5 cycles of PCR (20 sec 95°C, 20
sec 58°C, 2 min 72°C). The barcoded amplicons were size selected using 0.65x AMPure
XP beads (Beckman Coulter). 500 ng of barcoded amplicons were prepared for sequenc-
ing using the amplicon template preparation protocol, 2015 release (Pacific Biosciences)
including DNA damage repair and SMRTbell adapter ligation. Libraries were sequenced
on the Pacific Biosciences RSII using MagBead loading with 6 hours of movie time and
P6-C4 chemistry.

5.2.4. IN SILICO ISOLATION OF V4 REGIONS FROM FULL-LENGTH 16S RRNA

PACBIO SEQUENCING DATA
V4 regions from full-length 16S rRNA PacBio data set were in silico isolated by the V-
ripper script [20] using forward primer (5’-GTGCCAGCMGCCGCGGTAA-3’) and the re-
verse primer (5’-GGACTACHVGGGTWTCTAAT-3’). Subsequently, isolated sequences with
length between 100-300 bp were retained.

5.2.5. [LLUMINA SEQUENCING

Genomic DNA was sent to the Broad Institute of MIT and Harvard (Cambridge, USA).
Microbial 16S rRNA was amplified targeting the hyper-variable V4 region using forward
primer 515F (5’-GTGCCAGCMGCCGCGGTAA-3’) and the reverse primer 806R (5’-GGA-
CTACHVGGGTWTCTAAT-3"). The cycling conditions consisted of an initial denaturation
of 94 °C for 3 min, followed by 25 cycles of denaturation at 94 °C for 45 sec, annealing at
50 °C for 60 sec, extension at 72 °C for 5 min, and a final extension at 72 °C for 10 min.
Sequencing was performed using the Illumina MiSeq platform generating paired-end
reads of 175 bp in length in each direction. Overlapping paired-end reads were subse-
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quently aligned. Details of this protocol have previously been described [21].

5.2.6. SEQUENCING DATA ANALYSIS

All three data sets were analysed using the operational taxonomic unit (OTU) approach.
This was done by using the QIIME pipeline [22]. We used SILVA 132 QIIME release as
reference OTU taxonomy database. Prior to OTU picking, each data set was quality fil-
tered by sickle version 1.33 and low quality reads were discarded. Open reference OTU
picking strategy with 97% sequence similarity and minimum OTU size of two reads was
used. The a-diversity metric based on observed OTUs was calculated continuously from
50 reads/sample up to 3300 reads/sample with increasing steps of 50 reads, with 10x rar-
efaction. Unweighted UniFrac distances, with 10 jack-knifed replicates was measured at
rarefaction depth of 3000 reads per sample, based on the unfiltered OTU table and rela-
tive bacterial abundance was determined. Prior to relative abundance visualisation, rare
taxa that were present at less than 0.1% were filtered. Sequence data is submitted to SRA
database and is accessible with BioProject accession number PRJNA786882.
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5.3. RESULTS

5.3.1. SEQUENCING DEPTH

Cecum content from mice fed a WTD without or with 10% inulin for 11 weeks was col-
lected (n=2 per group) and genomic DNA was extracted. The full-length 16S rRNA gene
was amplified for PacBio sequencing, and the V4 region of the bacterial 16S rRNA gene
was PCR amplified for Illumina short read sequencing. To determine platform bias in the
data sets obtained from the PacBio and Illumina platforms, a 16S rRNA V4 region data
set was generated in silico from the full-length 16S rRNA PacBio data set (V4 PacBio).
Table S5.2 shows that the read count obtained by PacBio and Illumina sequencing are in
range of a typical run for the platforms, and the reads have the correct mean read length
for the full-length 16S rRNA (approx. 1500 bp) and V4 region (approx. 250 bp). Inter-
estingly, V4 PacBio read count for individual samples are approximately 50% of the read
count for the full-length 16S rRNA PacBio data set they were derived from (Table S5.2).
The V-ripper script in combination with the used primer sequences, apparently does not
recognize 50% of the full-length 16S rRNA sequences.

5.3.2. SEQUENCING DATA ANALYSIS

For operational taxonomic unit (OTU) picking, open reference OTU picking strategy with
97% sequence similarity and minimum OTU size of two reads was used. The minimum
OTU size of at least two sequences/OTU ensured that singletons are excluded from the
data. Table 5.1 shows the number of OTUs for individual samples and the number of
sequences that these OTUs contained. In the 16S rRNA full-length PacBio data set, pro-
portionally more reads were discarded in the OTU picking step compared to both 16S
rRNA V4 data sets. These discarded reads, were singletons and sequences that failed
to align with the reference database. Furthermore, sequencing full-length 16S rRNA re-
sulted in a higher percentage of unassigned taxa (2.9-8.4% of total reads) compared to
both V4 data sets (0.05-0.6% of total reads; Table 5.1). These were reads without any ref-
erence sequence available in the reference database. The number of unassigned reads in
the full-length 16S rRNA data set was in particular higher for samples of inulin fed mice
compared to samples of control mice.

Table 5.1: Statistics of data sets.

Group Data set Sample Read OTU Reads assigning taxonomic labels (coverage %)
Count Count Class Order Family Genus Unassigned
Control FL C1 15261 1821 14781 (96.9%) 14781 (96.9%) 14769 (96.8%) 13455 (88.2%) 480 (3.1%)
FL Cc2 7022 1198 6819 (97.1%) 6819 (97.1%) 6810 (97.0%) 5919 (84.3%) 202 (2.9%)
V4 PacBio C1 9195 435 9181 (99.8%) 9181 (99.8%) 9178 (99.8%) 8071 (87.8%) 14 (0.2%)
V4 PacBio Cc2 3979 366 3955 (99.4%) 3955 (99.4%) 3951 (99.3%) 3386 (85.1%) 23 (0.6%)

V4 Illumina C1 105426 1424 105323 (99.9%) 105323 (99.9%) 105174 (99.8%) 87984 (83.5%) 103 (0.1%)
V4 Illumina C2 139693 1572 139583 (99.9%) 139583 (99.9%) 138285 (99.0%) 114513 (82.0%) 110 (0.1%)

Inulin FL Inl 13481 2199 12986 (96.3%) 12986 (96.3%) 12968 (96.2%) 10098 (74.9%) 492 (3.6%)
FL In2 5350 1056 4900 (91.6%) 4900 (91.6%) 4780 (89.3%) 3131 (58.5%) 449 (8.4%)

V4 PacBio Inl 9609 618 9595 (99.9%) 9595 (99.9%) 9568 (99.6%) 6919 (72.0%) 14 (0.1%)

V4 PacBio In2 3309 353 3290 (99.4%) 3290 (99.4%) 3181 (96.1%) 2060 (62.3%) 19 (0.6%)

V4 Illumina Inl 144897 2036 144761 (99.9%) 144761 (99.9%) 144228 (99.5%) 85122 (58.7%) 135 (0.1%)
V4 Tllumina In2 198271 2036 198171 (99.9%) 198171 (99.9%) 195756 (98.7%) 96617 (48.7%) 99 (0.05%)
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5.3.3. FULL-LENGTH 16S RRNA RESULTS INTO HIGHER o-DIVERSITY

The OTU richness was assessed by plotting a-diversity versus sequencing depth. The
a-diversity expressed as number of unique observed OTUs was calculated continuously
from 50 reads/sample up to 3300 reads/sample with increasing steps of 50 reads, with
10x rarefaction. Already at a sequencing depth of 300 reads/sample, a-diversity of 16S
rRNA full-length PacBio samples was increased compared to both V4 PacBio and V4 Illu-
mina data sets for control and inulin fed samples (Figure 5.1), while a-diversity of the V4
PacBio and V4 Illumina data sets were comparable. These data show that sequencing the
full-length 16S rRNA resulted in a higher number of unique OTUs, already at a relatively
low sequencing depth.
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Figure 5.1: a-diversity. a-diversity metric observed species was calculated continually both for control and
inulin-fed mice (n=2) with 10x rarefaction from 50 reads/sample up to 3300 reads/sample with steps of 50
reads. Each line represents one individual sample. FL, 16S rRNA full-length PacBio.
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5.3.4. USING FULL-LENGTH 16S RRNA REVEALS A DIFFERENT BACTERIAL
PHYLOGENY AS COMPARED WITH V4 REGION

The between sample diversity, or -diversity, was determined by calculating unweighted
UniFrac distances. This is a validated and widely used quantitative distance metric for
studying microbial community clustering that takes the phylogeny of communities into
account [23, 24]. Principal coordinate analysis was performed and the variation ex-
plained by the first two principal coordinates is plotted in Figure 5.2. Principal coordi-
nate (PC)1, which explains 34.8 % of the data, clearly separates the full-length 16S rRNA
PacBio data from the V4 amplicon data. The unweighted UniFrac distance for the V4
PacBio data set was comparable with the UniFrac distance of Illumina V4 regions, indi-
cating limited sequencing platform bias in determining 3-diversity. In order to assess
the robustness of the UniFrac distance 10x jack-knifing at 3000 reads/sample was per-
formed for all samples. The jack-knifing variance, indicated by the ellipsoids around the
data points, was smaller for the full-length 16S rRNA sequenced samples compared to
both V4 data sets (Figure 5.2). This indicates that a longer amplicon length provided a
more robust UniFrac distance assignment.
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Figure 5.2: 3-diversity, unweighted UniFrac distances. Unweighted UniFrac distances for individual samples
were calculated both for control and inulin-fed mice (n=2) using PacBio and Illumina MiSeq platform. Iden-
tical sample names in the graphs indicate individual mouse samples studied using different approaches. 10x
Jack-knifing at 3000 reads/sample was performed. C1 and C2 are individual samples from the control group.
Inl and In2 are individual samples from the inulin group. FL, 16S rRNA full-length PacBio.
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5.3.5. USING FULL-LENGTH 16S RRNA GENE RESULTS IN A DIFFERENT BAC-

TERIAL COMPOSITION AND RELATIVE ABUNDANCE

In addition to diversity analyses, we aimed to study if sequence length affected the taxo-
nomic analysis outcome. We hypothesized that a longer amplicon length increased the
resolution of the analysis by detecting additional taxa which would not be observed by
sequencing the V4 region only. Therefore, we compared the full-length 16S rRNA PacBio
samples with the V4 PacBio and V4 Illumina data sets. In this way we could exclude plat-
form bias and detect the effects of amplicon length on taxonomic analysis after a dietary
intervention.

Genus level is considered as the maximum resolution of 16S sequencing. There-
fore, we compared relative abundance of bacterial taxa in the three data sets at genus
level. Sequencing the full-length 16S rRNA gene showed a different relative abundance
at genus levels compared to both V4 data sets, both for samples of control and inulin-fed
mice (Figure 5.3). Bacterial relative abundances of V4 PacBio and V4 Illumina data sets
were comparable for control samples. For inulin-fed mice, sample In2 showed variation
in relative abundance for several taxa between the V4 PacBio and V4 Illumina data set
(Figure 5.3). Interestingly relative abundance of the genus Faecalibaculum that blooms
with inulin intervention was higher in the full-length 16S rRNA data set compared to
both V4 data sets. Relative abundance of the uncultured genus of Muribaculacea fam-
ily that increases with inulin intervention was lower in the full-length 16S rRNA data
set compared to both V4 data sets (Figure 5.3). Relative abundance of the Bacteroides
genus that decreases with inulin intervention was higher in full-length 16S rRNA data
set compared to both V4 data sets (Figure 5.3). Remarkably, the genus Lactobacillus
was detected in the V4 PacBio and V4 Illumina data sets for both dietary conditions, but
was completely absent inform the full-length 16S rRNA PacBio data set for both dietary
conditions. After inulin intervention, other taxa like GCA-900066575, Lachnospiraceae-
UCG006, Lachnospiraceae uncultured genus, Oscillibacter and Ruminiclostridium 9 were
detected in both V4 data sets, and were also almost or completely absent in the full-
length 16S rRNA PacBio data set. Taken together, this taxonomic analysis shows that se-
quencing the full-length 16S rRNA gene results in a different bacterial composition and
relative abundance of bacterial species both for control and inulin-fed mice compared
to determining the sequence of the V4 region only.
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Figure 5.3: Comparison of microbial composition. Relative bacterial abundance in the cecum content of
control and inulin fed-mice (n=2) visualised at genus level. Taxa abundant less than 0.1% of total population
are filtered out. C1 and C2 are individual samples from the control group. Inl and In2 are individual samples
from the inulin group. FL, 16S rRNA full-length PacBio.
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5.4. DISCUSSION

We hypothesized that sequencing the full-length 16S rRNA gene would provide a higher
resolution in terms of diversity and taxonomic analyses compared to sequencing a single
short amplicon of the 16S rRNA marker gene such as the V4 region.

Our results show that in the in silico extracted V4 PacBio data set, individual samples
have approximately 50% of the read count of the full-length 16S rRNA PacBio data set.
This reduction in read count after in silico isolation of the V4 sequences from the full-
length 16S rRNA data set might be caused by variability in the primer sequences. It is
known that primer choice for sequencing hypervariable regions of 16S rRNA influences
sequencing outcome, due to the fact that primers do not cover the 16S rRNA V4 flank-
ing region for all bacteria [25, 26, 27]. These data could indicate that a proportion of the
taxa that are identified by full-length 16s rRNA gene sequencing are not detected by se-
quencing the V4 region only. Alternatively, although the circular consensus sequencing
approach of PacBio has a very low error rate, this could also explain a proportion of the
V-regions that could not be extracted using the V-ripper script. However, since PacBio se-
quencing errors are random, this would have no consequences on the distribution and
phylogenetic assignment of the extracted sequences.

In addition to primer choice, other factors including the DNA extraction method and
choice of the 16S V-region may affect experimental outcome and introduce biases to
the diversity and taxonomic analysis. DNA extraction method: Mackenzie et al. studied
the effects of different DNA extraction methods, including commercially available DNA
isolation kits and the phenol: chloroform: isoamylalcohol method [28]. Different DNA
isolation methods resulted in different DNA yield, DNA quality and relative abundance
of taxon-assigned OTUs. Other studies addressing microbial DNA extraction methods
report similar issues [29, 30]. These results emphasize that it is important, if at all pos-
sible, to be consistent in the use of a DNA extraction method. Choice of 16S V-region:
Sequencing the V4 region in combination with Illumina MiSeq platform has been widely
used for taxonomic and diversity analysis [11, 31]. More recently, a combination of two
regions like the V2-V3 or V3-V4 region have been used for this purpose [32]. Burkin et al.
compared V2-V3 with V3-V4 regions in water samples and reported that V2-V3 sequenc-
ing has higher resolution for lower-rank taxa [32]. Abellan-Schneyder et al. conducted
an extensive study including six different combinations of the V-regions on human gut
and mock samples [33]. They recommended sequencing of V3-V4 regions for human
gut samples, but also mentioned that primer choice has significant influence on the re-
sulting microbial composition [33]. Since there seems no consensus on which V-regions
provides the best results, investigators should consider the choice for their desired V-
region carefully based on the experimental design and sample type. The cecum samples
used in study were obtained in the context of a larger study of which the results were
published as mentioned in the Materials and Methods section [5]. In order to maintain
comparability with previously obtained data we have used the V4 region in this current
study.

Diversity analyses and taxonomic analysis are based on OTUs. An OTU is described
as a cluster of sequences with a minimum amount of sequence identity; in the case of
genus level the threshold for sequence identity is set on 97% similarity [9]. Since OTU
picking is based on sequence identity, sequence length can thus affect the number and
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composition of OTUs in a given data set. a-diversity metric observed OTUs confirmed
thatindeed for both dietary conditions, the full-length 16S rRNA PacBio data set resulted
in an increased number of unique OTUs compared to both V4 data sets. This find-
ing shows that sequencing the full-length 16S rRNA provides more detail about within
sample diversity compared to V4 sequencing. Interestingly, already at a depth of 300
reads/sample the full-length 16S rRNA PacBio data set resulted in an increased number
of unique OTUs compared to both V4 data sets.

In addition, our results showed that (3-diversity is affected by the sequence length.
B-diversity analysis performed by calculating the unweighted UniFrac distances shows
that full-length 16S rRNA and V4 sequencing of individual samples did resulted in sepa-
ration in the PCoA plot. The unweighted UniFrac distance is a qualitative distance metric
which takes the phylogeny of the sample into account [24]. The PCoA plot of unweighted
UniFrac distance is based on the number of shared and unshared branches of the phy-
logenetic tree of the samples and is therefore a measure of heterogeneity of the bacterial
population [24, 23]. Since 16S rRNA full-length PacBio and V4 Illumina sequenced sam-
ples are separated, we can conclude that these samples had different phylogenetic trees
which reflected different bacterial compositions. As samples of the V4 PacBio data set
and the V4 Illumina clustered together, we can conclude that the difference in phylo-
genetic trees and thus bacterial composition is not due to platform bias (PacBio vs Illu-
mina), but caused by the difference in sequence length. Furthermore jack-knifing vari-
ance, which determines how often the cluster results are recovered using random sub-
sets of the data, was smaller for the full-length 16S rRNA PacBio samples compared to
both V4 data sets and shows that sequencing full-length 16S rRNA resulted in increased
robustness of the data [24]. It has previously been shown that the PacBio platform can
be used for studying microbiota communities [34, 35]. Based on our findings and the
fact that B-diversity metric UniFrac can distinguish bacterial communities at a depth of
50 reads/sample [23], we suggest that PacBio platform can be used to study intestinal
microbial communities at a lower sequencing depth. This allows multiplexing multi-
ple samples on a single molecule real-time (SMRT) cell in order to reduce resources and
sequencing costs.

In addition to diversity analysis, interpretation of experimental outcome requires
insight into the bacterial composition of a sample to understand e.g. which bacterial
species are able to convert a dietary compound. Taxonomic analysis of the three data
sets showed that sequencing full-length 16S rRNA resulted in a different bacterial com-
position as relative abundances of taxa were increased or decreased with 16S rRNA full-
length PacBio after inulin intervention compared to both V4 data sets. Interestingly, the
genus Lactobacillus was completely absent in the full-length 16S rRNA PacBio data set,
while being detected in both V4 data sets. This difference in taxa detection is of major
importance for interpretation of biological data. It should be mentioned that in our pre-
vious article, that exclusively relied on 16S rRNA V4 region sequencing by Illumina, we
reported that the genus Allobaculum bloomed after inulin intervention [5]. However,
here we report that Faecalibaculum bloomed after inulin intervention. Faecalibaculum
is closely related to Allobaculum with 86.9% sequence similarity and was recently iso-
lated from laboratory mice [36]. Microbial data of our initial article was analysed using
the Greengenes 13.8 reference database and for the current work we used the SILVA 132
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reference database which likely explains this discrepancy in annotation.

Sequencing the full-length 16S rRNA gene resulted in detection of a higher percent-
age of unassigned reads compared to sequencing the V4 regions only. Interestingly, in
our study the percentage of unassigned reads was higher in samples of inulin-fed mice.
This finding might suggest that at least part of the bacterial taxa blooming on inulin are
in this unassigned fraction of the data. Since we cannot assign these reads, we cannot
fully utilize the advantage of full-length 16S rRNA gene sequencing compared to V4 se-
quencing.

5.5. CONCLUSIONS

Taken together, we conclude that sequencing the full-length 16S rRNA gene provides
a different view regarding bacterial relative abundance, in sample diversity and in in-
between sample diversity, as compared to V4 sequencing regardless of sequence analysis
platform. This clearly has implications for interpretation of biological data after a dietary
intervention.
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5.7. SUPPORTING INFORMATION

Table S5.1: Primer sequences used for PacBio sequencing.

Primer name Primer sequence

M13-F-GM3F TGTAAAACGACGGCCAGTAGAGTTTGATCMTGGC
M13-F-GM3F-YM TGTAAAACGACGGCCAGTAGAGTTTGATYMTGGC
M13-R-GM4R CAGGAAACAGCTATGACCTACCTTGTTACGACTT

Universal Tail Forward CCATC|16-nt-barcode| TGTAAAACGACGGCCAGT
Universal Tail Reverse ~ GGTAG| 16-nt-barcode | CAGGAAACAGCTATGACC

Table S5.2: Statistics of data sets
B Group Data set Sample Read Count Joinedreads Meanread Total number
length (bp)  of bases (bp)
Control FL Cl 19389 - 1514 29354586
FL C2 9404 - 1494 14052243
V4 PacBio Cl 9288 - 253 2347424
V4 PacBio (%] 4061 - 251 1019710
V4 Illumina Cl 240682 109650 253 27738445
V4 Illumina C2 304190 142428 253 36025327
Inulin FL Inl 20986 - 1518 31863815
FL In2 7782 - 1505 11714148
V4 PacBio Inl 9799 - 253 2475902
V4 PacBio In2 3386 - 251 850296
V4 Illumina Inl 330802 151169 253 38200080

V4 lllumina In2 430798 202756 253 51215941
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