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19 Abstract

20 Background
21 Microbiome composition is frequently studied by the amplification and high-throughput
22 sequencing of specific molecular markers (metabarcoding). Various hypervariable regions of

23 the 16S rRNA gene are classically used to estimate bacterial diversity, but other universal
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24 Dbacterial markers with a finer taxonomic resolution could be employed. We compared
25  specificity and sensitivity between a portion of the rpoB gene and the V3V4 hypervariable
26  region of the 16S rRNA gene.

27

28 Results

29  We first designed universal primers for rpoB suitable for use with Illumina sequencing-based
30 technology and constructed a reference rpoB database of 45,000 sequences. The rpoB and
31 V3V4 markers were amplified and sequenced from (i) a mock community of 19 bacterial
32  strains from both Gram-negative and Gram-positive lineages; (ii) bacterial assemblages
33 associated with entomopathogenic nematodes. In metabarcoding analyses of mock
34  communities with two analytical pipelines (FROGS and DADA?2), the estimated diversity
35 captured with the rpoB marker resembled the expected composition of these mock
36  communities more closely than that captured with V3V4. The rpoB marker had a higher level
37  of taxonomic affiliation, a higher sensitivity (detection of all the species present in the mock
38 communities), and a higher specificity (low rates of spurious OTU detection) than V3V4. We
39  applied both primers to infective juveniles of the nematode Steinernema glaseri. Both markers
40  showed the bacterial community associated with this nematode to be of low diversity (< 50
41  QOTUs), but only rpoB reliably detected the symbiotic bacterium Xenorhabdus poinarii.

42

43  Conclusions

44 Our results confirm that different microbiota composition data may be obtained with different
45  markers. We found that rpoB was a highly appropriate marker for assessing the taxonomic
46  structure of mock communities and the nematode microbiota. Further studies on other
47  ecosystems should be considered to evaluate the universal usefulness of the rpoB marker. Our

48  data highlight two crucial elements that should be taken into account to ensure more reliable
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49 and accurate descriptions of microbial diversity in high-throughput amplicon sequencing
50 analyses: i) the need to include mock communities as controls; ii) the advantages of using a
51  multigenic approach including at least one housekeeping gene (rpoB is a good candidate) and
52  one variable region of the 16S rRNA gene.

53

54 Keywords: rpoB, 16S TrRNA gene, metabarcoding, mock communities,
55  entomopathogenic nematodes

56

57

58
59 Background

60  The recent emergence of high-throughput sequencing platforms has revolutionized the study
61  of complex microbial communities. Many of these studies involve the PCR amplification and
62  sequencing of a taxonomic marker from complex communities of organisms. The sequences
63  obtained can then be compared with databases of known sequences to identify the taxa
64  present in the microbial community. The 16S rRNA gene is the most common marker used
65  for this purpose in bacterial ecology, particularly as exhaustive reference databases have been
66  compiled for this taxonomic marker: the Greengenes database [1], the Ribosomal Database
67  Project (RDP) [2], and SILVA [3], for example. In addition to their extensive catalogs of
68 curated 16S rRNA gene sequences, each of those portals also offers a series of tools for
69  sequence analysis. However, 16S rRNA markers are also known to be the major source of
70  bias in the amplicon sequencing approach [4]. Estimates of microbial diversity are generally
71  biased by the variable number and sequence heterogeneities of 16S rRNA operons in bacterial
72 species, generally leading to an overestimation of species richness [5, 6]. Furthermore, a

73 growing number of publications have reported limitations to the use of the 16S rRNA gene in
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74  ecological studies due to its poor discriminatory power in certain bacterial genera [7],
75  resulting in poor discrimination between species. In light of these major drawbacks,
76  alternative, or at least complementary taxonomic markers should be sought for metabarcoding
77  projects.

78

79 A few studies have tested other taxonomic markers by targeting conserved protein-coding
80  genes, also known as housekeeping genes. Like the 16S rRNA gene, housekeeping genes are
81 essential and ubiquitous genes universally present in the bacterial kingdom. However, these
82  housekeeping genes evolve much more rapidly than thel6S rRNA gene, and are therefore
83  useful for differentiating between lineages that have recently diverged [8]. Moreover, these
84  housekeeping genes are generally present as single copies in bacterial genomes, limiting the
85  overestimation of operational taxonomical units (OTUs) in microbial assemblages. Despite
86  these advantages, they are very rarely used in metabarcoding analyses, mostly due to the lack
87  of an exhaustive sequence database for these genes. The protein-coding genes that have been
88 tested for the assessment of microbial diversity include the genes for DNA gyrase subunit B
89  (gyrB) ([8-10], RNA polymerase subunit B (rpoB) [7, 11, 12], the TU elongation factor (tuf)
90 [13], the 60 kDa chaperonin protein (cpn60) [14].

91

92  The objective of this study was to assess the potential of the rpoB gene as an alternative
93  universal phylogenetic marker for metabarcoding analysis. The rpoB gene has a number of
94  potential advantages. Previous reports have shown this marker to be suitable for phylogenetic
95 analyses, as it provides a better resolution at species level than the 16S rRNA gene [15-18].
96  Moreover, the rpoB gene is sufficiently long (4026 nc) for the rational identification of
97  conserved genomic regions for the design of universal primers for the amplification of short

98 barcodes (reads < 300 nc). Specific rpoB primer sets targeting Proteobacteria have been
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99 designed for high-throughput sequencing studies [12], but universal rpoB primers have not
100  been tested in next-generation sequencing studies.

101

102  We designed universal rpoB primers suitable for use with Illumina sequencing-based
103  technology and we constructed an rpoB reference database of 45,000 sequences. The
104  specificity and sensitivity of rpoB were assessed on a mock bacterial community composed of
105 DNA extracted from 19 strains, and compared with those for the V3V4 regions of the 16S
106  rRNA gene. We also applied this community profiling approach to infective juveniles (1Js) of
107 Seinernema glaseri, an entomopathogenic nematode [19, 20]. 1Js are specifically associated
108  with the intestinal bacterium Xenorhabdus poinarii (Enterobacteriaceae) [21, 22], which is
109 therefore an effective control for evaluating the performance of taxonomic markers for
110  IHllumina sequencing analyses. We found that bacterial richness, in both mock communities
111  and the nematode microbiota, was estimated more accurately with the rpoB marker than with
112 the 16S rDNA marker, confirming the advantage of rpoB as an alternative or complementary
113 marker to the traditional variable regions of the 16S rRNA gene.

114

115

116

117 Resaults

118 Comparison of rpoB and V3V4 markers distinguishing by Sanger sequencing 19

119 individual taxa

120 We compared the taxonomic discrimination potentials of the rpoB and V3V4 markers, by
121  extracting genomic DNA from the individual bacterial strains used to constitute the mock

122 communities; then amplifying and Sanger sequencing the rpoB gene fragment (~430 bp) and
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123 the V3V4 region of the 16S rRNA gene (~450 bp). We used the RDP classifier tool (sequence
124  similarity threshold = 97%, bootstrap confidence cutoff = 80%) to assign the sequences to
125 taxa (Table 1). Taxonomic affiliation was determined more precisely with the rpoB gene
126  fragment than with the VV3V4 region, because 13 and 0 OTUs were affiliated to a species with
127  rpoB and V3V4, respectively (Table 1 and Figure 1A, lanes “Expected-rpoB or Expected-
128  16S”). Moreover, the rpoB marker had a higher sensitivity than the V3V4 marker (19 OTUs
129  versus17 OTUs, Table 1).

130

131 Comparison of the rpoB and V3V4 markers for metabarcoding descriptions of the

132 bacterial community making up five artificial mock communities

133 We constituted five different mock communities differing in the proportions of two taxa,
134  Xenorhabdus nematophila and Photorhabdus luminescens. The proportions of the 19 bacterial
135  species making up the five mock communities, in terms of genome equivalents, are shown in
136  Table 2. We performed metabarcoding analyses of the five mock communities (three
137  technical replicates per mock community) with both rpoB and the V3V4 region of the 16S
138  rRNA gene (referred to hereafter as 16S). The targets were amplified and sequenced, and the
139  sequences were processed with two different pipelines, FROGS (Find Rapidly OTUs with
140  Galaxy Solution) and DADAZ2, to minimize bias related to the sequence analysis process. For
141  the rpoB region, we obtained 224,129 reads (mean of 14,941 reads per sample) and 251,963
142 reads (mean of 16,797 reads per sample) after FROGS and DADAZ2 processing, respectively
143  (Additional file 1). For the 16S marker, we obtained 266,494 reads (mean of 17,766 reads per
144  sample) and 206,641 reads (mean of 13,776 reads per sample) after FROGS and DADA2
145  processing, respectively (Additional file 1). Rarefaction curves obtained with quality-filtered
146  reads indicated that sequencing depth was sufficient for both 16S and rpoB (Additional file 2).

147 A comparison of the taxonomic affiliation levels of the observed OTUs (Figure 1A)
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148  confirmed that the rpoB gene fragment had the higher taxonomic discriminating potential; 60
149  to 80% of OTU assignations were at the species level for rpoB marker, but only 20% for the
150 16S marker (Figure 1A). We also noted that numerous OTUs (30 to 40%) could not be
151  assigned to a finer taxonomic level than the family with the 16S marker.

152

153  For each sample mock community replicate, OTU numbers after the application of two
154  thresholds to individual sample read abundances (0.1% and 1%) are indicated in Additional
155  file 1. We evaluated the impact of the use of the rpoB and 16S markers on the number of
156  OTUs detected in metabarcoding analyses (Figure 2). The numbers of OTUs detected
157  depended on the marker, and were generally greater for the 16S than for the rpoB marker;
158 they also depended on the analysis pipeline. Interestingly, depending on the abundance
159  threshold used, both markers either overestimated (cutoff = 0.1%) or underestimated (cutoff =
160  1%) the number of OTUs.

161

162  We refined the comparison between the two markers, by aggregating and aligning the
163  nucleotide sequences obtained by Illumina-sequencing of the three replicates for each mock
164  community and building phylogenetic trees with the maximum likelihood method. The results
165  for the mockl community analysis are shown (see Figure 3 and Additional file 3 for rpoB
166  marker; Figure 4 and Additional file 4 for 16S marker). As a control, we built a phylogenetic
167  tree with the sequences obtained by Sanger sequencing of both the rpoB and 16S markers
168  after PCR amplification from the DNA of each separate bacterial species (Figure 3A and 4A).
169 With the 0.1% cutoff, a comparison with the topology of the Expected rpoB and
170  Expected_16S mock communities showed aberrant clusters in Illumina-sequenced mock
171 communities (in gray in Figures 3 and 4). We removed these clusters, which probably

172 corresponded to chimeric sequences that had escaped the filtering process. With the rpoB
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173  marker, we were able to identify the 19 bacterial taxa of the mockl community with perfect-
174  match taxonomic identities (sensitivity = 100%), but we noted the presence of a few sequence
175  variants (12 and 4 sequences variants in the FROGS and DADA? analyses, respectively). For
176  the 16S rRNA gene marker, the sensitivity for OTU detection was 100% for FROGS and 76%
177  for DADAZ2, but we observed many more sequence variants than with the rpoB marker (24
178 and 25 sequence variants with FROGS and DADAZ2, respectively), potentially due to
179  PCR/sequencing errors or intragenomic polymorphisms for 16S rRNA copy number. With the
180 1% cutoff, no chimeric sequences or sequence variants were detected with either the rpoB or
181 the 16S rRNA gene marker, but the OTU detection sensitivity decreased considerably
182  (between 58% and 64%) (Figures 3 and 4 and Additional file 3 and 4). We therefore selected
183  the 0.1% cutoff as yielding the optimal sensitivity for OTU detection, despite the slight
184  overestimation observed.

185

186  Assessment of the quantitative potential of therpoB and 16S markers for metabar coding
187  approaches

188  For visualization of the potential abundance biases during metabarcoding, we generated
189  boxplots of the relative abundances of the 19 taxa making up the mock communities (as
190 shown in Figure 5 for the Mock3 community and in Additional file 5 for the other mock
191  communities, except for mock2, for which the highest abundance of Xenorhabdus and
192  Photorhabdus masked the presence of other bacteria). For both rpoB and 16S markers, we
193  observed differences in the relative abundances of OTUs between results from metabarcoding
194  analysis and the expected OTU composition. For the five mock communities, we calculated
195  the abundance bias ratios for each of the 19 taxa (Table 3). Interestingly, these ratios were not
196  correlated with a particular phylogenetic group, and instead depended on both the bacterial

197  strains and markers used for metabarcoding. These results confirm that, even with a single-
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198  copy gene such as rpoB, the measurement of OTU relative abundance is not strictly reliable,
199  and metabarcoding should therefore be considered a semi-quantitative method.

200

201  Efficiency of the rpoB marker for describing the microbiota of entomopathogenic
202 nematodes

203  We performed metabarcoding analyses on a nematode strain, Steinernema glaseri SK39 (four
204  technical replicates per strain), with both the rpoB and the 16S markers as taxonomic targets.
205  The taxonomic targets were amplified and sequenced and the sequences were processed with
206 the FROGS and DADAZ2 pipelines. For the rpoB marker, we obtained 48,719 reads (means of
207 12,180 reads per sample) and 56,699 reads (mean of 14,175 reads per sample) after FROGS
208 and DADAZ2 processing, respectively (Additional file 6). For 16S rRNA gene marker, we
209  obtained 47,298 reads (mean of 11,824 reads per sample) and 41,655 reads (mean of 10,414
210 reads per sample) after FROGS and DADAZ2 processing, respectively (Additional file 6).
211 Rarefaction curves obtained from quality-filtered reads indicated that sequencing depth was
212 sufficient for both the 16S and rpoB markers (Additional file 2). We checked that the
213 biological sample sequences were not contaminated with sequences present in the negative-
214  control samples (Additional file 7). A comparison of the taxonomic affiliation levels of the
215  observed OTUs again confirmed the higher taxonomic discrimination potential of the rpoB
216  marker than of the 16S marker (Figure 1B). For each replicate, OTU numbers after of the
217  application of an abundance threshold of 0.1% (for individual samples) are detailed in
218  Additional file 8. Depending on the taxonomic marker (rpoB or 16S) and analysis pipeline
219 (FROGS or DADAZ?2) used, the number of OTUs detected ranged from 30 to 55 (Figure 6).
220  We then analyzed the taxonomic composition of the bacterial communities present in the
221  nematode microbiota. Similar bacterial compositions were obtained with both markers at the

222 phylum level (Figure 7A and 7B), with the Proteobacteria the most abundant bacterial
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223 phylum. At the family level, the results differed between the two markers (Figure 7C and 7D).
224 We refined the comparison of the markers at more discriminant taxonomic ranks, by building
225  phylogenetic trees from OTU sequences (Figure 8 for FROGS datasets and Additional file 8
226  for DADA2 dataset). The rpoB marker accurately detected the symbiotic bacterium X
227  poinarii. By contrast, the 16S marker predicted the presence of other species from the genera
228  Xenorhabdus and Photorhabdus (phylogenetically close species), leading to the erroneous
229  detection of bacteria that are never associated with this nematode (Figure 8 and Additional
230 file 8); the symbiotic bacterium X. poinarii was identified only by the DADA2 analysis
231 (Additional file 8). Moreover, numerous sequence variants were detected with the 16S marker
232 (46 and 40 sequence variants with the FROGS and DADAZ2 pipelines, respectively), whereas
233 far fewer variants were detected with the rpoB marker (13 and 12 sequence variants with
234 FROGS and DADAZ2, respectively). We also observed a few OTUs corresponding to
235  chimeras for both markers in DADAZ2 analysis (Additional file 8). Once these chimeras and
236  sequence variants were removed, the number of OTUs detected in the nematode microbiota
237  was relatively similar between the 16S and rpoB markers, at about 25 OTUs (Figure 8 and
238  Additional file 8).

239
240

241 Discussion

242 Metabarcoding methods, generally based on the high-throughput sequencing of 16S
243 amplicons, are widely used. Despite the known bias of “universal” 16S markers, only a few
244 studies have reported the use of alternative markers. We assessed the potential benefit of a
245  portion of the rpoB gene as an alternative genetic marker.

246

10


https://doi.org/10.1101/626119

bioRxiv preprint doi: https://doi.org/10.1101/626119; this version posted May 3, 2019. The copyright holder for this preprint (which was not
certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission.

247  We analyzed the sequence data generated by metabarcoding with rpoB and 16S markers on an
248 artificial bacterial DNA complex corresponding to 19 different phylogenetic taxa. One key
249  factor determining the choice of taxonomic markers for metabarcoding studies is the ability of
250 the marker to distinguish between OTUs at the lowest possible taxonomic rank. We found that
251  taxonomic assignation was more accurate with the housekeeping gene rpoB than with the 16S
252 marker. The rpoB gene classified OTUs more effectively to species level, with the resolution
253  of the 16S marker frequently limited to the genus or a higher taxonomic level. It can be
254  difficult to resolve the taxonomy of 16S rRNA gene sequences based on a limited segment,
255  such as the V3V4 region. Closely related bacteria, such as those of the Enterobacteriaceae
256  family, cannot be differentiated solely on the basis of differences in the V3V4 region [23].
257  The composition and abundance of OTUs in mock communities are known a priori. Such
258 mock communities are therefore useful tools for detecting potential biases during method
259  development and for optimizing data analysis pipelines [24].

260

261  We show here that the rpoB marker gave results that more closely matched the expected
262  composition of the mock community. When the 16S marker was used, we observed a strong
263  distortion of the composition of the bacterial community obtained by the metabarcoding of the
264  mock communities away from the expected bacterial composition, with the values obtained
265  for OTU richness composition higher than the actual OTU richness. This OTU overestimation
266  bias was weaker for the rpoB marker. By contrast to the single-copy housekeeping gene
267  targeted by the rpoB marker, sequence heterogeneity between the different copies of thel6S
268  marker may lead to the amplification of numerous sequence variants during metabarcoding,
269  resulting in the identification of excessive numbers of OTUs in 16S datasets. Intragenomic
270  ribosomal diversity [25] or ribosomal paralogs [26] have frequently been implicated as the

271  major source of sequence variants in 16S Illumina amplicon-sequencing analyses. The

11
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272 observed OTU inflation may also be explained by cumulative errors occurring during the
273 amplification and sequencing steps of the metabarcoding procedure, resulting in the detection
274  of sequence variants. Interestingly, given that rpoB is a protein-coding gene, sequence errors
275  can be readily identified and removed if they disrupt the reading frame [12], providing an
276  added benefit of housekeeping genes as targets in metabarcoding studies. Some authors have
277  also suggested that excessive OTU diversity may be at least partially explained by the
278  presence of unfiltered chimeric reads [27], and laboratory contaminants [28]. Nelson and
279  collaborators reported a strong overestimation of mock community diversity (25-125 times
280 higher than expected) in the absence of careful checking of the data. Similarly, Kunin and
281  collaborators found that diversity was grossly overestimated for their mock community data
282  unless a quality threshold was implemented. We show here that the removal of OTUs with
283  read abundances below 1% (for individual samples) decreases the number of sequence
284  variants. However, this threshold cutoff of 1% is much less sensitive than the 0.1% threshold
285  cutoff for describing the bacterial communities making up the mock communities.

286

287  When using metabarcoding for quantitative analyses, caution is required concerning the
288  conclusions drawn about the relative abundances of bacterial taxa, even with a single-copy
289  gene, such as rpoB. Our results highlight the existence of a bias in abundance taxa, this bias
290 being strain-dependent and varying with the marker used. This bias probably reflects the
291  amplification bias occurring during PCR cycles [6].

292

293  We finally used the rpoB marker to analyze microbial communities in an entomopathogenic
294 nematode, Steinernema glaseri, known to carry an intestinal symbiotic bacterium,
295  Xenorhabdus poinarii, but for which microbiota composition remains otherwise unknown.

296  We found that the findings concerning the bacterial community associated with S glaseri

12
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297  depended on the marker used. The rpoB marker gave better taxonomic discrimination and was
298  capable of reliably identifying the symbiotic bacterium. The 16S rRNA marker is able to
299  detect the symbiont only with one of the pipelines, as well as false positive OTUs
300 phylogenetically related to the symbiont.

301

302 The rpoB marker was successfully used here to describe the microbiota of an
303 entomopathogenic nematode, with a microbiota of low diversity including bacterial taxa for
304 which rpoB sequences are routinely available from databases. Further testing of the rpoB
305  marker is required in other types of complex microbiota, such as those containing members of
306 phyla other than Firmicutes and Proteobacteria. Despite its disadvantages, the 16S marker
307 should not be entirely abandoned, particularly for the exploration of complex and unknown
308 ecological niches, as it is a reference marker for which a very rich and complete database is
309 available for taxonomic assignment. For high-throughput amplicon sequencing studies, we
310 therefore recommend the use of multigenic approaches based on different taxonomic markers,
311  targeting at least one housekeeping gene (rpoB is a good candidate) and a variable16S rRNA
312 gene region.

313

314

315 Conclusions

316  The use of 16S sequencing raises a number of challenges, including primer bias, gene copy
317 number, PCR or sequencing artifacts and contamination. Metabarcoding approaches, which
318 target a taxonomically relevant marker, such as the rpoB gene, are a potential alternative,
319  making it possible to overcome at least some of these challenges. The major benefit of rpoB
320 sequencing is its potential for improving taxonomic assignment and for more detailed

321  investigations of OTU richness at species level, providing a more accurate description of the

13
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322  composition of microbiota communities. The greater ability of rpoB-based analyses to
323  discriminate between phylogenetically different groups of species should increase resolution
324  and provide more reliable results for metagenomic studies. Our results also highlight the need
325 to develop and use mock community as controls for all microbial studies, to pick up potential
326  sequence errors, which may arise at any step in next-generation sequencing protocols. For
327 lllumina amplicon-sequencing strategies, we also strongly recommended the use of a
328  multigenic approach based on at least two taxonomic markers, including a protein-coding
329  gene, such as rpoB, and the 16S rRNA marker.

330

331

332

333 Methods
334

335 Biological material

336  The nematode/bacterial strains and primers used in this study are listed in Additional file 9.

337 Isolation, multiplication and storage of nematode strains

338  Seinernema nematodes were originally isolated with an ex situ Galleria trap, as previously
339  described [30]. The nematodes used here had been stored for decades in the DGIMI
340 collection. Infective juveniles (1Js) were stored in Ringer’s solution (Merck) and were
341  multiplied every six months by infestation of the last instar of Galleria. Briefly, IJs were
342  added to Galleria larvae in Petri dishes (laboratory Galleria trap). When the Galleria larvae
343  died, their cadavers were placed on a white trap and the IJs that emerged from them were

344  stored in Ringer’s solution at 9°C.

345 |solation, multiplication and storage of the bacteria used in the mock communities

346  The symbiotic bacteria, Xenorhabdus and Photorhabdus, were isolated by the hanging drop

14
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347 technique [31]. Bacteria from other genera were isolated from crushed 1Js nematodes or from
348 the contents of G. mellonella cadavers after nematode infestation. For the isolation of bacteria
349  from entomopathogenic nematodes, 20 IJs were placed in a 1.5 mL Eppendorf tube containing
350 200 pL of Lysogeny Broth medium and three 3-mm glass beads, and were subjected to three
351 cycles of grinding (1 minute, at 30 Hz followed by 1 minute without agitation) in a
352  TissueLyser Il apparatus (Qiagen, France). The solutions obtained from crushed nematodes or
353  the contents of G. melonella were plated on both nutrient agar (Difco) plates and nutrient
354  bromothymol blue agar (NBTA) plates [32], and incubated at 28°C for 48 hours. Bacterial
355  colonies with different morphotypes were stored at -80°C in 16% glycerol (v/v).

356

357 Molecular identification of the bacteria isolated and mock community design

358  Bacterial isolates were identified as previously described [33], by amplifying and sequencing
359 a near full-length 16S rRNA gene (1372 bases). Briefly, bacterial genomic DNA was
360 extracted as previously described [34] and stored at 4°C. The 16S rRNA gene was amplified
361  (the primer sequences are indicated in Additional file 9) in a Bio-Rad thermocycler (Bio-Rad,
362 USA). PCR products were analyzed by agarose gel electrophoresis. Sanger sequencing of the
363  16S rRNA amplicons was performed by MWG-Eurofins (Deutschland), and sequences were
364  blasted against the NCBI database for taxonomic identification of the bacterial isolates.
365  Nineteen bacterial isolates encompassing a broad taxonomic diversity among eubacteria were
366  selected to compose the reference mock communities (Table 1). The DNA concentration of
367 each selected bacterial strain was quantified on a Qubit Fluorometer (Thermo Fisher
368  Scientific, USA) and five mock communities were generated by mixing the DNA of the 19
369 strains (the DNA concentrations of symbiotic taxa in the mock communities varied over four
370 orders of magnitude). The proportions of the 19 bacterial taxa composing the five mock

371  communities, in genome number equivalents, are shown in Table 2. The number of genome
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372 equivalents was calculated as follows: number of genome copies = [DNA amount (ng) *
373 6.022x10%]/ [Genome size (bp) * 1x10° * 650 g/mole of bp].

374

375 Sanger sequencing of the rpoB and V3V4 regions of the 19 bacterial isolates present in
376  themock communities

377 The rpoB and V3V4 regions were amplified as described above (the primer sequences are
378 indicated in Additional file 9). Sanger sequencing of the amplicons was performed by MWG-
379  Eurofins (Deutschland).

380

381 DNA extraction from 1Js

382  We performed four DNA extraction replicates per nematode sample, each replicate consisting
383 of about five thousand 1Js sampled from a storage batch. We minimized the risk of
384  contamination with microorganisms from the body surface, by washing the 1Js with copious
385 amounts of tap water on a filter. The washed 1Js were recovered from the filter with a sterile
386  pipette, transferred to 10 mL of sterile ultrapure water and immediately frozen at — 80°C for
387  future use. DNA was extracted from the 1Js with the Quick Extract kit (Epi-centre, USA).
388  Briefly, frozen samples were rapidly thawed, heated at 80°C for 20 minutes and centrifuged
389 (2,500 x g, 10 minutes) to pellet the 1Js. Once the supernatant had been removed, we added
390 200 pL of Quick Extract lysis solution and the mixture was transferred to 2 mL Eppendorf
391 tubes containing three sterile 3-mm glass beads. IJs were crushed by three cycles of
392  mechanical grinding (2 minutes at 30 Hz followed by 1 minute without agitation) in a
393  TissueLyser Il apparatus (Qiagen, France). We added 2 pL of Ready-Lyse Lysozyme
394  Solution (Epi-centre, USA) to the ground samples, which were then incubated at room
395  temperature until the solution cleared (24 to 48 hours). Samples were again heated at 80°C for

396 20 minutes, and the lysis of IJs was checked under a light microscope. After complete lysis,
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397 the samples were subjected to an additional treatment with 20 uL of 20 mg/mL RNaseA
398  (Invitrogen PureLinkTM RNaseA, France). Finally, a phenol-chloroform purification step
399  was performed, followed by chloroform purification. The DNA was precipitated in absolute
400 ethanol, washed twice in 70% ethanol, resuspended in 50 uL ultrapure water and stored at -
401 20°C. The DNA products were analyzed by agarose gel electrophoresis and quantified with a
402  Nanodrop spectrophotometer (Thermo Fisher Scientific). We assessed the levels of
403  contaminating bacterial DNA at each of the various steps in DNA sample preparation, by
404  including several negative control extractions with sterile ultra-pure water.

405

406  Design of rpoB primerssuitablefor usein MiSeq Illumina sequencing

407  Degenerate consensual pairs of rpoB primers called Univ_rpoB_F_deg (forward primer) and
408 Univ_rpoB_R_deg (reverse primer) were manually designed from clustalW alignments
409  (http://multalin.toulouse.inra.fr/multalin/) of rpoB gene sequences from bacterial reference
410 genomes covering a broad taxonomic diversity among eubacteria. The binding sites of the
411  selected primers correspond to Escherichia coli K12 nucleotide positions 1630 to 2063,
412  making it possible to amplify a 434-nucleotide portion of the rpoB gene. The specificity of the
413  rpoB primers was checked in silico on a large panel of publicly available complete sequenced
414  genomes with the “Blast and Pattern Search” web tool implemented on the MaGe annotation

415  platform (http://www.genoscope.cns.fr/agc/mage). The universality of the rpoB primers was

416  checked in silico on a large panel of rpoB genomic sequences publicly available from the
417  NCBI database, with the Primers toolbox implemented in CLC Genomics Workbench 3.6.1.
418

419 Library preparation and Illumina MiSeq sequencing

420  Amplicon libraries were constructed following two rounds of PCR amplification. The first

421 amplification step was performed with the high-fidelity iProof™ DNA Polymerase (BioRad),
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422 in a Bio-Rad thermocycler, on 10 to 100 ng of DNA. The hypervariable V3V4 region of the
423  16S rRNA gene was targeted with the universal primers F343 and R784, and the rpoB
424  fragment was targeted with the previously designed primers Univ_rpoB_F deg and
425  Univ_rpoB_R_deg (the primer sequences are shown in Additional file 9). Thirty amplification
426  cycles were performed with annealing temperatures of 65°C and 60°C for the V3V4 region (~
427 460 base pairs), and the rpoB region (~ 435 base pairs), respectively. We assessed the amount
428  of contaminating DNA in these PCRs, by including negative PCR controls with sterile ultra-
429  pure water as the template. The amounts of amplicon DNA and amplicon sizes were analyzed
430 by agarose gel electrophoresis. Single multiplexing was performed at the Genomics and
431  Transcriptomics Platform (INRA, Toulouse, France), with 6 base pairs index sequences,
432 which were added to reverse primers during a second PCR with 12 cycles. Amplicon libraries
433 were sequenced with Illumina MiSeq technology (MiSeq Reagent Kit v2) according to the
434  manufacturer’s instructions. FastQ files were generated at the end of the run. The FastQC
435  program [35] was used for quality control on raw sequence data and the quality of the run was
436  checked internally, by adding 30% PhiX sequences at a concentration of 12.5 pM. Each
437  paired-end sequence was assigned to its sample with the previously integrated index, and
438  paired-end reads were assembled with FLASH [36]. Unassembled reads were discarded. The

439 raw sequence data can be downloaded from http://www.ebi.ac.uk/ena/PRIJEB24936

440  (accession numbers: ERS2212114-ERS2212143 for the mock communities; ERS2715153-
441 ERS2715156 and ERS2715252-ERS2715255 for the nematode samples; ERS2715166-
442  ERS2715174 and ERS2715260-ERS2715268 for the extraction-control samples)

443

444  rpoB sequence database design
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445  For taxonomic assignment with the rpoB marker, we constructed a reference database
446  including ~ 45000 sequences; this database is available from the FROGS website

447  (http://frogs.toulouse.inra.fr/).

448  The rpoB sequences were collected and the quality of the resulting database was checked as
449  previously described [9] for the gyrB database. Briefly, rpoB sequences were retrieved from
450 47,175 genomes sequences publicly available from the IMG database [37] at the time of
451  analysis. CDSs belonging exclusively to the TIGR02013 protein family were defined as RpoB
452  homologs and were retrieved for further analysis (approximately 46,300 hits found in 45,500
453  genomic sequences). The corresponding nucleotide sequences of the selected region used for
454 [llumina sequencing (434 nucleotides - see above) were aligned as previously described [9];
455  redundant and aberrant sequences (sequences containing ambiguous nucleotides or with
456  sequences of less than 430 nucleotides) were removed from the database.

457

458  Bioinformatic processing of sequence data

459  The sequence reads obtained were processed according to the FROGS (Find Rapidly OTUs

460  with Galaxy Solution) pipeline [38] and the DADAZ2 pipeline [39].

461 The FROGS process

462 A preprocessing tool was used to remove sequences not bound to both primers, to trim the
463  primers, and to remove all sequences containing an ambiguous base. Sequence clustering was
464  performed with the Swarm algorithm [40]. Chimera sequences were detected with the
465 VSEARCH algorithm, by the de novo UCHIME method [41, 42], and were removed. A
466  filtering tool was used to remove spurious clusters, with read abundances of less than 0.005%
467  of the total number of reads. The filtered sequences were assigned to taxa with RDP Classifier
468 [43] and the 16S rRNA database SILVA pintail quality 100% [3] for V3V4 reads and the

469  rpoB database for rpoB reads. The sequences were clustered into OTUs with a 97% similarity
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470  cutoff (with a bootstrap confidence of 80%). The OTU abundance tables are available in

471  Additional file 10.

472  The DADAZ2 process

473  The DADA2 method was developed for the analysis of short-read amplicon sequences [39].
474  The pipeline is based on a complete bioinformatic workflow including quality filtering,
475  dereplication, sample inference, chimera removal, and optionally, a taxonomic assignment
476  step. The DADAZ2 software takes raw amplicon sequencing data in fastq files as input, and
477  produces an error-corrected table of the abundances of amplicon sequence variants in each
478 sample (an ASV table) as output. As for the FROGS process, the sequence variants were
479  assigned to taxa with RDP Classifier (sequence similarity threshold = 97%, bootstrap
480  confidence cutoff = 80%) and the 16S rDNA database SILVA [3] for V3V4 reads and the

481  rpoB database for rpoB reads. The OTU abundance tables are available in Additional file 10.

482
483  Bacterial community and statistical analyses
484  OTU diversity and statistical analyses were performed with the R packages Phyloseq [44],

485  Vegan [45], and Ampvis 2 (https://github.com/MadsAlbertsen/ampvis2). Briefly, rarefaction

486  curves were calculated with Phyloseq R packages. Beta diversity was analysed with custom-
487  developed Phyloseq command lines. A PCoA analysis (Ampvis 2 R package) based on the
488  Bray-Curtis dissimilarity matrix was used to visualize the differences between the microbial
489  communities of the nematodes and the microbial contaminants associated with the extraction
490 of control samples. The significance of the clustering on PCoA plots was assessed by
491  multivariate PERMANOVA in the Phyloseq R package on a Bray-Curtis similarity matrix
492  with a type Ill of sum of squares, 9999 permutations and unrestricted permutations of raw

493  data. The amp_boxplot function (Ampvis2 R package) was used to generate boxplots of the
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OTU relative abundances. All the R plots in the study were generated with the ggplot2 R

package [46].

Phylogenetic analysis

Phylogenetic analysis of the V3V4 and rpoB amplicons, sequence alignment and maximum
likelihood analysis with the Generalised time-reversible (GTR) model were performed as
described elsewhere [22]. The Mega7 tool [47] was used to generate circular phylogenetic

trees.

List of abbreviations

BLAST: Basic Local Alignment Search Tool

NCBI: National Center for Biotechnology Information
EMBL : European Molecular Biology Laboratory

FROGS: Find Rapidly OTUs with Galaxy Solution

OTU: Operational taxonomic unit

PCR: Polymerase chain reaction

RDP Classifier: Ribosomal Database Project (RDP) Classifier
[Js: Infective Juveniles

GTR modé: Generalised time-reversible model

NBTA: nutrient bromothymol blue agar

DNA: Deoxyribonucleic acid
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Table 1. List of strains used for the extraction of the DNAs used to constitute

the mock communities

Taxonomic assignment based on Sanger sequencing of

Strain name The entire 16S rRNA

Phylum gene' The V3V4 region”  The rpoB region®?
F1 y-Proteobacteria  X. nematophila Xenorhabdus X. nematophila
TT01 P. luminescens Photorhabdus P. luminescens
TURO03-22 S. liquefaciens Serratia S. liquefaciens
Sw4a P. protegens Pseudomonas P. protegens
SK39-ApoA P. chlororaphis Pseudomonas P. chlororaphis
SW5 P. putida Pseudomonas P. putida
B163 S. maltophilia Stenotrophomonas S. maltophilia
FR211A Acinetobacter sp. Acinetobacter Acinetobacter
SC B-Proteobacteria  A. faecalis Alcaligenes A. faecalis
SK39-ApoC Achromobacter Achromobacter Achromobacter
MWS8A4 Delftia sp. Delftia D. acidovorans
BS3-2-1 Variovorax sp. Variovorax V. paradoxus
173 Acidovorax sp. Acidovorax Acidovorax sp
Sphingo a-Proteobacteria  Sphingomonas sp. Sphingomonas Sphingomonas
TCHO7-Apo2-4 Brevundimonas sp. Brevundimonas B. diminuta
SW2 O. anthropi Brucellacae O. anthropi
FR211C Bacteroidetes Sphingobacterium sp.  Sphingobacterium Sphingobacterium
SK72-2 Fimicutes Paenibacillus sp. Paenibacillus Paenibacillus
SG4 E. mundtii Enterococcus E. mundtii

* based on NCBI Blast taxonomic assignment

? based on RDP Classifier assignment (bootstrap confidence = 0.9)

sgene fragments used for metabarcoding analyses
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686

687

688 Table 2. Composition of the five mock communities

689

690
Bacterial species name Mock1®  Mock2® Mock3”  Mock4”  Mock5?
Enterococcus mundtii 0.09 0.01 0.17 0.17 0.17
Alcaligenes faecalis 1.58 0.11 2.81 2.91 2.93
Variovorax paradoxus 2.29 0.16 4.08 4.23 4.25
Pseudomonas protegens 2.07 0.14 3.69 3.83 3.85
Stenotrophomonas
maltophilia 8.39 0.57 14.93 15.50 15.57
Brevundimonas diminuta 6.15 0.42 10.94 11.36 11.41
Serratia liquefaciens 1.45 0.10 2.58 2.68 2.69
Acinetobacter sp. 6.21 0.42 11.05 11.47 11.52
Pseudomonas chlororaphis 3.10 0.21 5.51 5.72 5.74
Ochrobactrum anthropi 2.15 0.15 3.83 3.98 4.00
Pseudomonas putida 3.11 0.21 5.53 5.74 5.77
Sphingobacterium sp. 5.72 0.39 10.17 10.56 10.60
Acidovorax sp. 2.24 0.15 3.98 4.14 4.15
Achromobacter sp. 1.42 0.10 2.53 2.63 2.64
Paenibacillus sp. 3.21 0.22 5.72 5.93 5.96
Delftia sp. 1.41 0.10 2.51 2.61 2.62
Sphingomonas sp. 3.28 0.22 5.83 6.05 6.08
Xenorhabdus nematophila 35.87 36.69 3.35 0.40 0.04
Photorhabdus luminescens 10.24 59.64 0.80 0.08 0.01

691

692  “percentage based on genome number equivalents

693

694
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695
696
697
698

699
700

Table 3. Abundance bias ratios calculated for the 19 taxa after Illumina-amplicon sequencing of rpoB and 16S rRNA for the five mock

communities

Ratio of metabarcoding relative abundance of OTUs / expected relative abundance

Mock1 Mock3 Mock4 Mock5
16S Genom rpoB 16S rpoB 16S rpoB 16S rpoB 16S
copy esize
number (Mb)

E. mundtii 6 33 2.21 091 3.44 1.45 3.61 1.15 421 1.61
D. acidovorans 5 6.8 0.46 142 0.66 1.86 0.75 2.03 0.82 193
A. xyloxisidans 3 6.8 0.93 0.68 1.32 0.97 135 0.94 142 0.85
S. liquefaciens 7 5.3 0.43 0.34 0.71 0.82 0.79 0.91 0.87 0.97
A. faecalis 3 4.2 2.52 2.37 3.29 3.15 3.58 3.34 3.85 331
P. protegens 5 7.0 0.94 0.60 127 0.85 125 0.87 1.30 0.88
O. anthropi 4 5.2 2.89 122 3.33 1.59 3.67 1.64 3.64 1.68
Acidovorax sp 3 49 0.06 0.58 0.12 0.86 0.14 1.00 0.16 0.98
V. paradoxus 2 7.5 0.12 0.14 0.11 0.13 0.14 0.17 0.07 0.12
P. chlororaphis 5 7.3 1.29 0.40 1.61 0.57 1.72 0.56 1.74 0.60
P. putida 7 6.2 1.97 1.42 1.52 0.92 1.62 1.14 1.71 1.07
Paenibacillus sp 10 6.0 1.68 0.84 1.99 1.25 2.23 1.17 2.21 1.28
Sphingomonas sp 2 4.1 0.07 1.26 0.09 1.75 0.09 1.90 0.08 1.78
Sphingobacterium sp 7 6.9 0.09 140 0.14 1.68 0.19 1.62 0.18 1.65
Brevundimonas sp. 2 34 1.13 0.41 1.21 0.60 1.30 0.59 1.25 0.57
Acinetobacter sp. 6 3.6 0.31 0.76 0.43 1.02 0.53 0.98 0.56 1.03
S. maltophilia 4 4.9 0.14 0.06 0.20 0.11 0.23 0.09 0.19 0.09
P. luminescens 7 5.7 1.56 0.97 6.66 4.01 5.60 2.97 10.76 3.63
X. nematophila 7 4.6 1.18 1.37 242 0.95 2.57 0.76 2.68 1.16

‘uoissiwad INoYIM pamolje asnal oON "pPaAlasal sybu ||y Japuny/ioyine ayl si (Malnal Jaad Ag paniniad
10U sem yaiym) Juudaid siyy 1oy Japjoy BuUAdod syl "6TOZ ‘€ AelN parsod uoisian siul ‘6TT929/TOTT 0T/610"10p//:sdny :10p Jundaid Aixyolq
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701
702  Figurelegends

703
704  Figurel. Impact of the metabarcode markerson OTU taxonomic affiliations

705  Histogram showing the percentage of OTU affiliations at different taxonomic ranks (x-axis)
706  for rpoB and 16S Illumina-amplicon sequencing for (A) the 15 mock community samples
707  (five mock communities and 3 replicates per mock community) (B) the microbiota of the
708 nematode Steinernema glaseri SK39 (four replicates).

709  Gray, green, blue and red histogram bars correspond to the taxonomic ranks of order (and
710  higher levels), family, genus and species, respectively. The total number of OTUs observed
711  after sequence analysis via the FROGS pipeline was included in the analysis. The
712  Expected_rpoB and Expected 16S lanes correspond to the taxonomic affiliations determined
713 by Sanger sequencing of each of the taxa making up the mock communities.

714

715  Figure 2. Impact of the markers, sequence analysis pipeline tools and filtering method
716 on observed OTU richness after Illumina-amplicon sequencing of the five mock
717  communities

718  Boxplots represent the variation of OTU numbers as a function of: i) Illumina-amplicon
719  sequencing procedure, based on the rpoB marker or the 16S marker; ii) sequence analyses
720  process, based on the FROGS or DADA2 pipeline; iii) OTU filtering method based on a 0.1%
721 read number threshold or a 1% read number threshold. Each boxplot corresponds to a
722  statistical analysis of the 15 mock community samples (five mock communities, three
723  replicates per mock community); thin purple and red lines correspond to minimum and

724  maximum values, respectively; and the thicker green lines in the boxes correspond to the
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725 medians. Red dashed lines correspond to the expected number of OTUs in the mock
726  communities (19 and 17 OTUs for expected_rpoB and expected 16S, respectively).

727

728 Figure 3. Comparison of the expected bacterial composition and the observed OTU
729  composition obtained with Illumina-amplicon rpoB sequencing in the mock1l community
730 (FROGS process).

731  Phylogenetic trees based on the rpoB 430 bp-region Muscle alignment were inferred with
732  MEGAT7, with a PhyML-based maximum likelihood algorithm and the GTR model for: (A)
733  individual Sanger sequencing of rpoB gene fragment for the 19 taxa making up the
734  experimental mock communities (Expected rpoB); (B) the observed OTUs obtained after
735  Illumina-amplicon rpoB sequencing of the mockl community (OTUs of the three replicates
736  are summed), but only OTUs with an abundance >0.1% of total reads in individual replicates
737  were included in the analysis (threshold = 0.1%); (C) As in B, but only OTUs with an
738  abundance >1% of total reads in individual replicates were included in the analysis (threshold
739 =1%).

740 The OTUs corresponding to the same taxa from the 19 bacterial components of the mock
741 community are highlighted in the same color. The sum of read numbers is indicated after the
742  OTU name. Bootstrap values (percentages of 1000 replicates) of more than 80% are shown at
743  the nodes.

744

745 Figure 4. Comparison of expected bacterial composition and the observed OTU
746  composition generated by Illumina-amplicon 16S sequencing for the mockl community
747  (FROGS process).

748  Phylogenetic trees based on the 16S rRNA-V3V4 region Muscle alignment were inferred with

749 MEGA7, a PhyML-based maximum likelihood algorithm and the GTR model for: (A)

33
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750 individual Sanger sequences of the VV3V4 region of the 16S rRNA gene of the 19 taxa making
751  up the experimental mock communities (Expected 16S); (B) the observed OTUs obtained
752  after lllumina-amplicon 16S sequencing of the mockl community (OTUs of the three
753  replicates are summed), but only OTUs with an abundance >0.1% of total reads in individual
754  replicates were included in the analysis (threshold = 0.1%); (C) As in B, but only OTUs with
755 an abundance >1% of total reads in individual replicates were included in the analysis
756  (threshold = 1%).

757  The OTUs corresponding to the same taxa from the 19 bacterial components of the mock
758  community are highlighted in the same color. The sum of read numbers is indicated after the
759  OTU name. Bootstrap values (percentages of 1000 replicates) of more than 80% are shown at
760  the nodes.

761

762
763  Figure 5. Comparison of the observed and expected relative abundances of the bacterial

764  community of the mock3.

765  Boxplots show the variation of OTU relative abundance in: (A) the mock3 community (three
766  replicates), with use of the rpoB marker; (B) the mock3 community (three replicates) with use
767  of the 16S marker. The blue box plots show the expected relative abundances of the species
768  based on the theoretical composition of the mock3 community, and the red box plots show the
769  observed relative abundance of OTUs based on Illumina-amplicon sequencing of the mock3
770  community (FROGS pipeline analysis). Error bars indicate the standard deviation for
771  triplicate samples. The taxonomic identities of the 19 bacterial strains making up the mock3
772 community are indicated on the y-axis, and the relative abundance of each taxon (values =
773  median percentage read abundance across all replicates for Illumina-sequenced mock

774  communities) is plotted on the x-axis. The number of reads has been corrected with respect to
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775  the number of copies of the 16S rRNA gene in each taxon, for the calculation of observed

776  relative abundance.

777
778  Figure 6. Impact of the markers and sequence analysis pipeline tool used on observed

779  OTU richnessafter Illumina-amplicon sequencing of the nematode Steinernema glaseri
780  Boxplots representing the variation in OTU numbers (only OTUs with an abundance >0.1%
781  of total reads in individual replicates) as a function of the marker (rpoB marker versus 16S
782  marker) and sequence analyse pipeline tool (FROGS versus DADA?2) used. Each boxplot
783  corresponds to a statistical analysis of the four replicates; thin purple and red lines correspond
784  to minimum and maximum values, respectively; and thicker green lines in the boxes
785  correspond to the medians.

786

787  Figure 7. Composition plots (phylum and family levels) of the relative abundances of
788 OTUs obtained by Illumina-amplicon sequencing of the nematode Steinernema glaseri
789  SK39with primersfor rpoB and 16S markers

790  Bar plots, each representing an individual replicate, showing the relative abundance of OTUs
791  (the data have been normalized as a % of total OTUs): (A) within Bacteria, at the phylum
792  level, after amplification with rpoB marker; (B) within Bacteria, at the phylum level, after
793  amplification with 16S marker; (C) within Proteobacteria, at family level, after amplification
794  with rpoB marker; (D) within Proteobacteria, at family level, after amplification with 16S
795  marker. Sequence datasets were processed with either the FROGS or the DADAZ2 pipeline, as
796 indicated at the top of the panels (subpanels within A-D). Within each panel, the ratio of each
797  taxon was estimated from the sum of all taxa (within all phyla or within Proteobacteria).

798
799
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800 Figure 8. Comparison of the bacterial composition data generated by Illumina
801 sequencing of the nematode Steinernema glaseri SK39 (FROGS process) with the rpoB
802 and 16Smarkers.

803  Phylogenetic trees were inferred with MEGAY7, using a PhyML-based maximum likelihood
804  algorithm and the GTR model: (A) Phylogenetic tree of the observed OTUs obtained after
805 Illumina-amplicon rpoB sequencing; (B) Phylogenetic tree of the observed OTUs obtained
806 after lllumina-amplicon 16S rRNA sequencing. The OTUs of the three replicates are summed,
807  but only OTUs with an abundance >0.1% of total reads in individual replicates were included
808 in the analysis. The OTUs corresponding to the true symbiotic bacterium (X. poinarii) are
809 highlighted in blue. The OTUs corresponding to false-positive symbiotic bacteria from the
810  genera Xenorhabdus and Photorhabdus are highlighted in red. The sum of the read numbers is
811 indicated after the OTU name. Bootstrap values (percentages of 1000 replicates) of more than
812  80% are shown at the nodes.

813

814

815 Additional files

816

817  Additional filel

818  Sequence reads and OTU numbers obtained by Illumina-amplicon sequencing for rpoB and
819  16S markers in 15 mock community samples (five mock communities, three replicates per
820  mock community)

821

822  Additional file2

823  Rarefaction curves obtained by Illumina-amplicon sequencing of rpoB (A) and 16S (B)

824  markers in 15 mock community samples (five mock communities, three replicates per mock)
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825  and the four replicates of the Steinernema glaseri nematode sample. Rarefaction curves were
826  assembled, with an estimation of species richness (x-axis), defined with a sequence identity
827  cutoff of 97%, relative to the total number of bacterial sequences identified (y-axis). Samples
828  are presented separately, with blue lines corresponding to the mock community samples and
829  red lines corresponding to the nematode samples.

830

831  Additional file3

832  Comparison of the expected bacterial composition and the observed OTU composition
833  generated by Illumina-amplicon rpoB sequencing for the mockl community (DADA2
834  process). See Figure 3 for Figure legend details.

835

836  Additional file4

837  Comparison of expected bacterial composition and the observed OTU composition obtained
838 by Illumina-amplicon 16S rRNA gene sequencing for the mockl community (DADA2
839  process). See Figure 4 for Figure legend details.

840

841  Additional file5

842  Comparison of the observed and expected relative abundances of the bacterial communities
843  obtained by Illumina-amplicon rpoB (A) and 16S (B) sequencing for the mockl, mock2, and
844  mock3 communities. See Figure 5 for Figure legend details.

845

846  Additional file 6

847  Sequence reads and OTU numbers obtained by Illumina-amplicon sequencing of rpoB and
848  16S markers for the nematode samples (four replicates).

849
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Additional file 7

Comparison of the bacterial communities associated with nematode samples
(Steinernema glaseri SK39) and extraction control samples. Principal coordinate analysis
(PCoA) was performed based on Bray-Curtis distances between nematode and control
samples after Illumina-amplicon sequencing of the (A) rpoB marker; (B) the 16S marker.
Nematode samples are shown as blue triangles, extraction control samples are shown as pink
circles. Each point represents an individual replicate. The proportion of the variance explained
by each axis is indicated as a percentage. The difference between the nematode and extraction
control samples sets is statistically significant for both the rpoB marker (Permanova, df=1,

R?=0.81, p-value=0.0015) and the 16S marker (Permanova, df=1, R’=0.93, p-value=0.0015).

Additional file8
Comparison of the bacterial compositions obtained by Illumina sequencing of rpoB and 16S
rRNA for the nematode S. glaseri SK39 (DADAZ2 process). See Figure 8 for Figure legend

details.

Additional file9

List of biological materials used in the experimental study

Additional file 10

OTU abundance tables after Illumina-amplicon sequencing of rpoB or 16S markers and use of

the FROGS or DADAZ2 sequence analysis pipeline.
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Figure 5
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