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19  Abstract

20  Environmental DNA (eDNA) analysisis a method of detecting DNA from environmental

21  samples, and it is used as abiomonitoring tool. In recent studies, Illumina MiSeq has been the

22 most extensively used tool for eDNA metabarcoding, one of the eDNA analysis approaches.

23 ThellluminaiSeq 100 (heresfter, iSeq) is one of the numerous high-throughput sequencers

24  (HTYS). It has arelatively simple workflow and is potentially more affordable than other

25  sequencers for deployment in HTS environments. However, to date, only a few studies have

26  adopted iSeq, and its utility in eDNA metabarcoding has still not been investigated

27  comprehensively. In the present study, we applied fish eDNA metabarcoding to river and lake

28  environmental samples using iSeq and MiSeq approaches. We also assessed differencesin fish

29  species detectability among iSeq, MiSeq, and conventional approaches. Twenty-seven river

30  and 13 lake samples were amplified using MiFish primers and sequenced with iSeq and

31  MiSeq, respectively. The iSeq and MiSeq metabarcoding achieved high detectability for fish

32  taxain the ecosystems. Species numbers and compositions in each river detected using i Seq

33  were amost consistent with those of MiSeq, indicating detectability of both techniques was

34  comparable. The comparison of the species compoasitions of the two HTSs with those of

35  conventional methods showed that the common species between each HTS and the

36  conventional methods were exactly similar. According to the results, if the same amplicon
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37 library were used for sequencing, there would be negligible detectability differences between

38 iSeqand MiSeq based on eDNA metabarcoding.

39  Keywords: environmental DNA, metabarcoding, MiFish, iSeq 100, MiSeq
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42  Introduction

43 Environmental DNA (eDNA) analysis methods can detect the DNA fragments shed from

44 macro-organisms in environmental samples (water, sediment, or air). The eDNA methods can

45  provide information on the distribution, abundance, seasonal change, and migration of species

46  (Takaharaet d., 2012; Doi et a., 2017; Stockle et a., 2017; Wu et al., 2019) and can facilitate

47  biodiversity monitoring activities (Tabarlet et al., 2012; Barns & Turner, 2016). Furthermore,

48  eDNA methods use environmental samples for DNA detection, permitting non-invasive and

49  non-destructive surveysin target species, habitats, and ecosystems (Jerde et al., 2011). One of

50 the eDNA methods, eDNA metabarcoding, can detect multiple species from an environmental

51  sample simultaneously using high-throughput sequencing (HTS) (Thomsen et al., 2012; Miya

52  etal., 2015; Yamamoto et al., 2017; Deiner et al., 2017). eDNA metabarcoding has been

53  applied to detect both vertebrate (Port et al., 2016; Closek et al., 2019; Ushio et al., 2017;

54 2018, Miyaet a., 2015) and invertebrate (Komai et al., 2019; Thomsen & Sigsgaard 2019;

55  Mychek-Londer et al., 2019) compositions in communities. In addition, eEDNA metabarcoding

56  can detect higher levels of species diversity (Olds et a., 2016; Shaw et a., 2016) or

57  complementary species diversity compared to conventional monitoring methods (Yamamoto

58  etal., 2017; Hanfling et al., 2016).

59 [1lumina MiSeq is the mainstream HTS platform for the detection species composition
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60  using eDNA metabarcoding (Miyaet al., 2015; Port et al., 2016; Deiner et a., 2016; Stoeckle

61 etal., 2017, Komai et a., 2019). In early 2019, the IlluminaiSeq 100 (i1Seg), whichisa

62  simpler and more affordable HTS system, was released (l1lumina, 2019a). The differences

63  between iSeg and MiSeq are as follows. First, iSeq and MiSeq have different base-calling

64  systems, with iSeq sequencing in a single-color signal, while MiSeq has four-color signals

65  corresponding to each sequence (Illumina, 2019a). Secondly, the structure of the flow cell for

66  loading the sequencing library varies between iSeq and MiSeq, with iSeq being a patterned

67  flow cell, while MiSeq is arandom flow cell. Finally, the sequencing workflow between the

68  i1Segand MiSeq isdifferent. TheiSeq is simpler and requires |less preparation using the

69  cartridge, while the MiSeq requires relatively more preparation steps, including pre- and

70  post-run wash of the flow channel. Such differences between the two sequencing approaches

71  could influence species detectability and the sequencing quality during eDNA metabarcoding.

72 However, to the best of our knowledge, no eDNA studies have been conducted using iSeq,

73 and no comparative studies between iSeq and MiSeq have been performed.

74 In the present study, we compared the sequence quality and taxonomic assignment of

75  eDNA metabarcoding between iSeq and MiSeq using the fish-specific primer set (MiFish

76  primers, Miyaet al. 2015). In addition, to evaluate the capacity of iSeq and MiSeq to detect

77  species based on eDNA metabarcoding, we compared fish species compositions between
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78  eDNA metabarcoding (iSeg and MiSeq) and conventional methods.

79

80 Materialsand Methods

81  Sample collection and filtration

82 We used 40 water samples for eDNA metabarcoding from 27 sitesin 9 rivers and 13 lakes

83  inJapan from 2016 to 2018 (Fig. 1). Sampling ID and detailed information for each site are

84  listed in Supplementary Table S1. In the river water sampling, 1-L water samples were

85  collected from the surface of at the shore of each river using bleached plastic bottles. In the

86  field, a1-ml Benzalkonium chloride solution (BAC, Osuban S, Nihon Pharmaceutical, Tokyo,

87  Japan; Yamanakaet al., 2017) was added to each water sample to suppress eDNA

88  degeneration before filtering the water samples. We did not include field negative control

89  samplesinthe HTSlibrary, considering the aim of the presents study. The lake samples were

90 provided by Doi et a. (2020) as DNA extracted samples. In the lake samples, 1-L water

91  sampleswere collected from the surface at shore sites at each lake. The samples were then

92  transported to the laboratory in acooler at 4°C. Each of the 1-L water samples was filtered

93  through GF/F glassfiber filter (normal pore size = 0.7 um; diameter = 47 mm; GE Healthcare

94  Japan Corporation, Tokyo, Japan) and divided into two parts (maximum 500-ml water per 1

95  GF/Ffilter). To prevent cross-contamination among the water samples, the filter funnels, and
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96  the measuring cups were bleached after filtration. All filtered samples were stored at —20(1 in

97  thefreezer until the DNA extraction step.

98

99 DNA extraction and library preparation

100 The total eDNA was extracted from each filtered sample using the DNeasy Blood and

101 TissueKit (QIAGEN, Hilden, Germany). Extraction methods were according to Uchii et al.

102  (2016), with afew modifications. A filtered sample was placed in the upper part of a Salivette

103  tube and 440 pL of a solution containing 400 uL Buffer AL and 40 uL Proteinase K added.

104  The tube with the filtered sample was incubated at 56°C for 30 min. Afterward, the tube was

105  centrifuged at 5000 xg for 3 min, and the solution at the bottom part of the tube was collected.

106  Toincrease eDNA yield, 220-uL Tris-EDTA (TE) buffer was added to the filtered sample and

107  the sample re-centrifuged at 5000 xg for 1 min. Subsequently, 400 uL of ethanol was added to

108  the collected solution, and the mixture was transferred to a spin column. Afterward, the total

109  eDNA was eluted in 100-uL buffer AE according to the manufacturer’s instructions. All

110  eDNA sampleswere stored at -20°C until the library preparation step.

111 In the present study, we used a universal primer set “MiFish” (Miyaet al. 2015) for eDNA

112  metabarcoding. The amplicon library was prepared according to the following protocols. In

113  thefirst PCR, the total reaction volume was 12 pL, containing 6.0uL 2x KOD buffer, 2.4 uL
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114  dNTPs, 0.2 uL KOD FX Neo (TOYOBO, Osaka, Japan), 0.35 uL MiFish-U-F (5'-

115  ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNGTCGGTAAAACTCGTGCCA

116 GC-3), MiFish-U-R (5-

117 GTGACTGGAGTTCAGACGTGTGCTCTTCCGATCTNNNNNNCATAGTGGGGTATCTAAT

118 CCCAGTTTG-3), MiFish-E-F (5'-

119 ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNNRGTTGGTAAATCTCGTGCC

120 AGC-3') and MiFish-E-R (5'-

121  GTGACTGGAGTTCAGACGTGTGCTCTTCCGATCTNNNNNNGCATAGTGGGGTATCTAA

122  TCCTAGTTTG -3') primers with Illumina sequencing primer region and 6-mer Ns, and 2 uL

123  template DNA. The thermocycling conditions were 947 for 2 min, 35 cycles of 9811 for 10 s,

124 6501 for 30's, 681 for 30 s, and 68[ for 5 min. The first PCR was repeated four times for

125  each sample, and the replicated samples were pooled as a single first PCR product for usein

126  the subsequent step. The pooled first PCR products were purified using the Solid Phase

127  Reversible Immobilization select Kit (AMPure XP, BECKMAN COULTER Life Sciences,

128  Indianapalis, IN, USA) according to the manufacturer’s instructions. The DNA concentrations

129  of purified first PCR products were measured using a Qubit dsDNA HS assay kit and a Qubit

130 3.0 fluorometer (Thermo Fisher Scientific, Waltham, MA, USA). All purified first PCR

131  products were diluted to 0.1 ng/uL with H,O, and the diluted samples were used as templates
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132  for thesecond PCR. In the first PCR step, the PCR negative controls (four replicates) were

133 included in each experiment. A total of three PCR negative controls were included in the

134  library (PCR Blank 1-3 samplesin Supplementary Table S1, S2, $4, and S5).

135 The second PCR was performed to add HTS adapter sequences with 8-bp dual indices. The

136  total reaction volume was 12 L, containing 6.0 uL 2x KAPA HiFi HotStart ReadyMix, 1.4

137  pL forward and reverse primer (2.5 uM), 1 uL purified first PCR product, and 2.2 uL H2O.

138  Thethermocycling conditions were 95[" for 3 min, 12 cycles of 98 for 20 s, 7201 for 15 s,

139 and 720 for 5 min.

140 Each Indexed second PCR product was pooled in the equivalent volume, and 25 uL of the

141  pooled libraries were loaded on a 2% E-Gel SizeSelect agarose gels (Thermo Fisher

142  Scientific), and atarget library size (ca. 370 bp) was collected. The quality of the amplicon

143  library was checked using an Agilent 2100 Bioanalyzer and Agilent 2100 Expert (Agilent

144  Technologies Inc., Santa Clara, CA, USA), and the DNA concentrations of the amplicon

145  library were measured using Qubit dsDNA HS assay Kit using a Qubit 3.0 fluorometer.

146

147  High-throughput sequencing

148 Amplicon library was sequenced using i Seq and MiSeq platforms (Illumina, San Diego,

149  CA, USA). To normalize the percentage of pass-filtered read numbers, the sequencing runs
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150  using the same libraries were performed using iSeq i1 Reagent and MiSeq Reagent Kit v2

151  Micro. Both sequencing was performed with 8 million pair-end reads and 2x150 bp read

152 lengths. Each library was spiked with approximately 20% PhiX control (PhiX Control Kit v3,

153  Illlumina, San Diego, CA, USA) before sequencing runs according to the recommendation of

154  Illlumina. The wells of cartridgesin the iSeq run were loaded with 20 uL of 50 pM library

155  pool, and sequencing performed at Yamaguchi University, Yamaguchi, Japan. The wells of

156  cartridges for MiSeq runs were loaded with 600 puL of 16 pM library pool, and sequencing

157  performed at Illuminalaboratories (Minato-ku, Tokyo, Japan). Subsequently, the sequencing

158  dataset outputs from iSeq and MiSeq were subjected to pre-processing and taxonomic

159  assignments. All sequence data are registered in the DNA Data Bank of Japan (DDBJ)

160  Sequence Read Archive (DRA, Accession number: DRA10593).

161

162  Pre-processing and taxonomic assignments

163 We used the USEARCH v11.0667 (Edger, 2010) for al data pre-processing activities and

164  taxonomic assignment of the HTS datasets obtained from the i Seq and MiSeq platforms

165 (Koma et a., 2019; Takeuchi et al., 2019). First, pair-end reads (R1 and R2 reads) generated

166  fromiSeq and MiSeq platforms were assembled using the “fastq_mergepairs’ command

167  (overlapped reads are not written). In the process, the low-quality tail reads with a cut-off
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168  threshold at a Phred score of 2, and the paired reads with too many mismatches (> 5 positions)
169 inthealigned regions were discarded. Secondly, the primer sequences were removed from the
170  merged reads using the “fastx_truncate” command. Afterward, read quality filtering was

171  performed using the “fastq_filter” command with thresholds of max expected error > 1.0 and
172 > 50 bp read length. The pre-processed reads were dereplicated using the “fastx_uniques’

173  command, and the chimeric reads and less than 10 reads were removed from all samples as
174  the potential sequence errors. Finaly, an error-correction of amplicon reads, which checks and
175  discards the PCR errors and chimeric reads, was performed using the “unoise3” command in
176  the unoise3 algorithm (Edger & Flyvbjerg, 2016). Before the taxonomic assignment, the

177  processed reads from the above steps were subjected to sequence similarity search using the
178  “usearch_global” command against reference databases of fish species that had been

179  established previously (MiFish local database v34). The sequence similarity and cut off

180  E-value were 99% and 10°°, respectively. If there was only one species with = 99 % similarity,
181  the sequence was assigned to the top-hit species. Conversely, sequences assigned to two or
182  more speciesin the = 99 % similarity were merged as species complex and listed in the

183  synonym group. Generally, the species complexes were assigned to the genus level (e.g. Asian
184  crucian carp Carassius spp.). Species that were unlikely to inhabit Japan were excluded from

185  thecandidate list of species complexes. For example, the sequence of one of bitterling

10
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186  Acheilignathus macropterusincluded other different two species, Acheilognathus barbatus

187  and Acheilignathus chankaensis, as the species of the 2nd hit candidate; however, the two

188  gpecies are not currently found in Japan. Therefore, the sequence was assigned to A.

189  macropterusin the present study. Because we used only freshwater fish species, we removed

190 the OTUs assigned to marine and brackish fishes from each sample. Finally, sequence reads

191  of each fish species were arranged into the matrix, with the rows and columns representing

192  the number of sites and fish species (or genus), respectively.

193

194  Comparing sequence quality and fish fauna between iSeq and MiSeq

195 We evaluated sequence quality based on 1) the percentage of clustering passing filter (%

196  PF) and 2) sequencing quality score = % Q30 (Read1 and Read?) between iSeq and MiSeq

197  platforms. The % PF valueis an indicator of signal purity for each cluster. When an HTS

198  library with higher DNA concentrations is loaded, flow cells typically have high numbers of

199  overlapped clusters and are over clustered. The condition leads to poor template generation,

200  which decreases the % PF value (Illumina, 2019b). In the present study, a >80 % PF value

201  wasset asthe threshold of sequence quality iniSeq and MiSeq runs. Sequence quality scores

202  (Q score) measure the probability that a base is called incorrectly. With sequencing by

203  synthesis (SBS) technology, each basein aread is assigned aquality score by a Phred-like

11
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204  agorithm, similar to that originally developed for Sanger sequencing experiments (Ewing et

205  al. 1998). Higher Q scores indicate lower probability of sequencing error, and lower Q scores

206  indicate probability of false-positive variant calls resulting in inaccurate conclusions. In the

207  present study, the % Q30 values (error rate = 0.001 %) were used for the comparison of

208  sequence quality between iSeq and MiSeq. The parameters were collected directly using

209  Illumina BaseSpace Sequence Hub.

210 We also evaluated changes in sequence reads in pre-processing steps between i Seq and

211  MiSeq platforms. Sequence reads were assessed based 1) merge pairs, 2) quality filtering, and

212  3) denoising. Sequence R1 and R2 reads generated from HTS were first merged into single

213  sequence reads using the “fastq_mergepairs’ command; however, non-merged sequence reads

214  werediscarded in this step. In the marge pairs step, the changes in sequence reads from raw

215  sequence reads to merged sequence reads were calculated. In the quality filtering step, the

216  changesin sequence reads from merged sequence reads to sequence reads through the quality

217  filtering step were calculated. Finally, in denoising steps, the changes in sequence reads from

218  sequence reads through the quality filtering step to sequence reads through the denoising step

219  were calculated. The calculated numbers of sequence reads are listed in Supplementary Table

220 S2 and S3in series.

221 Before the comparison of fish fauna, rarefaction curves wereillustrated for each samplein

12
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222 both iSeq and MiSeq to confirm that the sequencing depth adequately covered the species

223  composition using the “rrarefy” function of the “vegan” package ver. 2.5-6

224  (https://github.com/vegandevs/vegan) in R ver. 3.6.2 (R Core Team 2019). We evaluated the

225  species detection capacities of iSeq and MiSeq based on environmental DNA metabarcoding

226 by comparing the differences in species composition and the number of species detected

227  between the two sequencers. To test the differences in the number of species between iSeq

228  and MiSeq, we performed paired t-tests based on the number of species at each sampling site.

229

230  Comparison of fish species detectability between eDNA metabarcoding and conventional

231  methods

232 We evaluated species detectability between HTS platforms by comparing the fish species

233 lists of HTS platforms with lists from conventional methods. Five sampling sites were

234  selected from Kyushu and Chugoku districts (R23-27 in Fig.1). The fish fauna data obtained

235 by conventional methods were based on the results of a previous study (Doi et a., 2020). The

236  conventional surveys were conducted through hand-net sampling and visual observation by

237  snorkeling (see Doi et al., 2020 for the detailed methods). The count data of each species were

238  replaced with the incidence-based datasets (presence or absence) for comparing with the

239  eDNA metabarcoding datasets. Fish sequence reads of each sampling site obtained by eDNA

13
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240  metabarcoding were also replaced with the incidence-based data.

241 To test the detectability of species observed with detectability under conventional methods,

242  thefish species compositions in five rivers were compared between the eDNA metabarcoding

243  (iSeg and MiSeq) and the conventional methods. Using fish faunal data obtained from iSeq,

244  MiSeq, and conventional methods, non-metric multidimensional scaling (NMDS) was

245  performed in 1000 separate runs. For NMDS, the dissimilarity of the fish fauna was

246  calculated based on the incidence-based Jaccard indices. Permutational multivariate analysis

247  of variance (PERMANOVA) was performed with 1000 permutations to assess the differences

248  in fish fauna among the methods and sites. Furthermore, to evaluate variance across sites

249  among methods, the permutational analyses of multivariate dispersions (PERMDISP) was

250  also performed with 1000 permutations. The “metaMDS’, “adonis’, and “ betadisper”

251  functionsin the “vegan” package ver. 2.5-6 were used for NM DS ordination, PERMNOVA,

252  and PERMDISP, respectively. To visualize the number of speciesin each method and the

253  number of common species between methods, Venn diagrams were illustrated for each river

254  using the “VennDiagram” package ver. 1.6.2 (Chen & Boutros, 2011) in R. To assess

255  differencesin the number of species among methods at each river, the repeated measures

256  analysis of variance (ANOVA) was performed among i Seq, MiSeq, and conventional methods.

257  If asignificant difference was found in repeated measures ANOVA, the Tukey-Kramer

14
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258  multiple comparison test was performed to analyze differences among methods.

259

260 Results

261  HTSusing iSeq and MiSeq

262 In iSeq, the passing Filter (% PF), = % Q30 (Read 1), and = % Q30 (Read 2) were 80.80,

263 96.80, and 95.30%, respectively (Fig S1). In MiSeq, Passing Filter (% PF), = % Q30 (Read 1),

264 and = % Q30 (Read 2) were 95.05, 97.30, and 96.48%, respectively (Fig. S1). The % PF

265  value of iSeq was slightly lower than that of MiSeq; however, this was due to differencesin

266  the %PF calculation methods (Illumina, 2017). The Q30 values of Read 1 and 2 were not

267  remarkably different between iSeq and MiSeq.

268 In total, 3,325,177 and 2,154,367 read sequences were determined using iSeq and MiSeq,

269  respectively. The sequencing depth and sequence per sample were consistent between i Seq

270  and MiSeq in each processing step (Supplementary Table 2 and 3, Fig. S2-S5). In the present

271  study, the differences in the numbers of sequence reads among samples were confirmed in the

272 two sequencers. The rarefaction curves were saturated in all iSeq and MiSeq samples

273  (Supplementary Fig. S6 and S7). Therefore, the rarefying of read numbers among the samples

274  wasnot performed.

275
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276  Taxonomic assignment of sequence read

277 Sequence reads obtained from iSeq and MiSeq in the river and lake samples after

278  pretreatment arelisted in Table 1. After the denoising step, most sequence reads in i Seq and

279  MiSeq could be taxonomically assigned to fish species. In total, 154 and 168 representative

280  i1Seq and MiSeq sequences, respectively, were assigned to fish species (Assigned Readsin

281  Table 1). After the taxonomic assignment, 102 and 101 freshwater fish sequences with =

282 99 % identity were retained in iSeq and MiSeq, respectively. Low numbers of sequence reads

283  of two species (Rhinogobius sp. and Tridentiger sp.) were retained from negative control

284  samples (NC41-43) of iSeq and MiSeq (Supplementary Table S4 and S5), which could be due

285  to cross-contamination among samples. The species were commonly observed throughout the

286  samples, and the source of contamination could not be identified. Therefore, we did not assess

287  cross-contamination across the samples using negative control samples.

288 Based on the sequencing results, retained i Seq and MiSeq sequences were assigned to 69

289  and 68 freshwater fish species, subspecies, or genera, respectively (Supplementary Table $4

290 and Sb). The generathat were assigned to multiple candidate species are listed in

291  Supplementary Table S6. Species compositions in all samples were almost similar between

292  iSeq and MiSeq. However, Japanese striped loach Cobitis biwae typeB was only detected in

293  L11 by iSeq sequencing. The number of species per sample ranged from 4 to 27, in iSeq, and
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4 t0 26, in MiSeg. The paired t-test revealed significant differences in the number of species

between iSeq and MiSeq at all sites (t = 5.6488, p < 0.001). The differencesin the number of

species between iSeq and MiSeq ranged from 0 to 4. However, species that were detected by

1Seq only often had low read counts (11 to 32 reads per species, Supplementary Table S). For

example, 15 and 12 species were detected in the iSeq and MiSeq at site 5; however, the

numbers of reads of the three species detected only in the iSeq were 11 (Lepomis

macrochirus), 11 (Oncorhynchus masou subsp.), and 28 (Tachysurus nudiceps), respectively

(Supplementary Table S7).

Comparison of fish species composition between eDNA methods and conventional methods

R23-27 river samples were used for the comparisons between the two sequencers and the

conventional methods (Fig. 2). A total of 30, 30, and 29 species were detected in R23-27

using the iSeq, MiSeq, and conventional methods, respectively (Supplementary Table S8).

The number of species detected by iSeq, MiSeq, and conventional methods were 14-19, 14-

-19, and 8-16 in each site in R23-27, respectively (Supplementary Table S8). The number of

species detected by iSeq and MiSeq was higher than that detected the conventional methods

in al survey sites (deep green in Fig. 2). High numbers of species were commonly detected

by i1Seq, MiSeq, and conventional methods. In addition, no species that was common between

17
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312  iSegor MiSeq and conventional methods was identified. Based on the results of repeated

313  measured ANOVA, there were significant differences among methods (F = 9.061, p = 0.0088),

314  among sites (F = 4.827, p = 0.0282 in Supplementary Table S9). However, based on the

315  results of the subsequent Tukey-Kramer test, there were no significant differences among the

316  three methods (p > 0.05, Supplementary Table S10).

317 To assess differences in species composition among the three methods, we used NMDS

318 ordination (Fig. 3). In NMDS ordination, the fish communities of iSeq and MiSeq at each site

319 wereplotted at almost similar coordinates. Based on the results of PERMANOVA and

320 PERMDISP analyses, there were no significant differences in species composition evaluated

321 by iSeq, MiSeq, and conventional methods (PERMANOVA, p = 0.48450 and PERMDISR, p

322  =0.18510in Table 2). Therefore, there were no significant differences in assemblage structure

323  among the three methods.

324

325  Discussion

326 Here, we observed that iSeq and MiSeq could obtain similar sequence qualities and fish

327  faunain eDNA metabarcoding. As mentioned previously, the SBS chemistry of iSeq is

328  distinct from that of MiSeq in sequencing workflow and base-calling, as well as distinct

329  cartridge structures and flow cell mechanisms. However, such differences would not influence
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seguence quality in eDNA metabarcoding activities. In addition, we obtained high-quality

seguence data and a few segquencing errors were observed in both iSeq and Mi Seq.

Furthermore, the rate of change in the number of sequence reads in each process of the

analytical pipeline was almost similar between iSeq and Mi Seq.

The freshwater fish faunain the rivers and lakes identified by MiFish metabarcoding

exhibited minimal differences in the number of species or species composition between iSeq

and MiSeg. Generally, the number of species per sample in iSeq was higher than that in

MiSeq due to the differences in the obtained sequence reads between the two sequencers.

Species detected only in the iSeq had relatively low numbers of reads (11-32 reads,

Supplementary Table S10). Since the same sequence library was used in the i Seq and MiSeq,

the reads of such species could have been detected in the MiSeq by increasing the sequencing

depth. Such results indicate that the number of species that can be detected by iSeq and

MiSeq are approximately similar if the same sequence library is used.

Based on the results of the comparisons of the numbers of species among the three methods,

the number of species detected by eDNA metabarcoding was higher than those of

conventional methods in each river, including many species that were only detected by HTS

(Fig. 2). Conversely, some species were only observed in each river using the conventional

methods. In previous studies, eDNA metabarcoding has exhibited "higher diversity" or
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348  "complementary"” results when compared to the results of conventional methods (Olds et al.

349 2016, Yamamoto et al. 2017, Deiner et a. 2017). Such complementary results in i Seq and

350  MiSeq support the findings of previous studies. Nevertheless, there were no statistically

351  significant differences in the numbers of observed species among the three methods.

352 Studies of eDNA metabarcoding have been increasing annually, and it is attracting the

353  attention of researchers and stakeholders as atime- and cost-efficient method for detecting

354  species composition and diversity (Tsuji et al. 2019). Traditionally, MiSeq has been used

355  extensively for eDNA metabarcoding (Miyaet a. 2015, Port et al. 2016, Deiner et al. 2016,

356  Stoeckle et al. 2017, Komai et a. 2019). Our results indicate that iSeq can be used for eDNA

357  metabarcoding and has similar levels of species detectability to MiSeqg. Despite the

358  differences in sequencing depths, iSeq and MiSeq revealed similar fish fauna at each site. The

359  results suggest that fish faunafrom iSeq and MiSeq can be compared directly if library

360  preparation is performed using similar processes. MiSeq has an advantage over iSeq because

361 it can be used for awide range of taxa and purposes due to the availability of different kits

362  with different lead lengths (max. 2 x 300 bp) and the number of leads (max. pair-end 25

363  million leads). However, MiSeq has to be adhere to a few complex procedures during

364  sequencing, such as the need to clean the channels for decontamination between sequencing

365  runs. Such procedural complexity may lead to cross-contamination between library samples
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366  or between sequencing runs. In contrast, the iSeq has less working procedures than MiSeq

367  because of the use of cartridges and no need to clean the flow path. Therefore, iSeq may have

368  lower cross-contamination risk between sequencing runs than MiSeq. Future research should

369  evaluate cross-contamination risk between the two technologies.

370
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564  Figure 1. Sampling sites used in the present study. Blue circles and orange triangles show the
565  locations of the river and lake samples, respectively. Detailed information on each siteis
566  listed in Supplementary Table S1.
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568

569  Figure 2. Venn diagrams for comparison of the number of species between high throughput
570  sequencers and conventional methods in 5 river samples (R23-27 in Fig. 1). Blue, green, and
571  orange circlesindicate the species of eDNA of iSeq, eDNA of MiSeq, and conventional

572  methods, respectively. Deep green circles in R24, 25, and 27 indicate the species of two

573  sequencers because of fully-overlapping species composition between i Seq and MiSeg. Note
574  that the size of each circle does not represent a difference in the number of species.
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592  river samples. Bluetriangles, green inverted triangles, and diamond shapes indicate the points
593  of iSeq, MiSeq, and conventional methods, respectively. Labels with these shapes also
594 indicateiSeq (-i), MiSeq (-M), and conventional methods (-C).
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Table 1 Ratio of sequence reads and Operational Taxonomic Unit (OTU) count after

denoaising
iSeq MiSeq
Read Ratio
Denoised Read 3010341 100.0% 1914412 100.0%
Assigned Read 2732599 90.8% 1687629 88.2%
OTU Ratio
Total OTUs 154 100.0% 168 100.0%
OTU(Freshwater) 102 66.2% 101 60.1%
OTU (Marine and Brackish) 24 15.6% 22 13.1%
Under 99 % Identity 28 18.2% 45 26.8%
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Table 2 Statistical results of Permutational Multivariate Analysis of Variance (PERMANOVA) and Permutational Multivariate
Analysis of Dispersion (PERMDISP) for comparisons of species composition between iSeq and MiSeq

Dff  Sum of Square Mean Square Fvalue R? Pr (>F)
PERMANOVA
M ethodst 2 0.35707 0.17853 0.96117 0.13808 0.48450
Residuals 12 2.22894 0.18574 0.86192
Total 14 2.58600 1.00000
PERMDISP
Methodst 2 0.01696 0.00848 1.94810 0.18510
Residuals 12 0.05224 0.00435

1 Degree of Freedom (Df)

T Species detection methods (i Seq, MiSeq, and Conventional)
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