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Abstract: A legal wood trade promotion system has been implemented globally to prevent illegal wood trading and
promote the supply of legal wood. In Korea, laws require the verification of the legality of imported wood products.
For products composed of multiple species, such as wood pellets, a verification method is necessary to confirm that
the species listed in the submitted data correspond to the actual product. In this study, we propose ITS2 region
metabarcoding analysis for identifying the species composition of wood pellets and discuss key considerations based
on the results. As a result of the analysis, 40 amplicon sequence variants (ASVs) were clustered, and 35 ASVs were
identified at the genus level. Among the 35 ASVs, 3 ASVs were identified as closely related multiple species, and
2 ASVs were identified as taxa not belonging to Plantae. The wood pellets included genera such as Pinus, Larix,
Quercus, and Rosa, suggesting mostly forest species. In the future, further research is needed to assess the accuracy
of taxa identification using metabarcoding methods, employing wood pellet samples with a fully known composition.
Additionally, metabarcoding analysis of the chloroplast DNA region may be necessary to improve the discriminatory
ability for closely related species and to filter out nontarget taxa.
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2015). DNA 24 7|H& A& 4419 dF A7I4E 4
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al.,, 2015; Jiao et al., 2020). =% AlHol= F2 marK, rbel,
psbC 5 chloroplast DNA d oL}, ITSQ} ZHE nuclear
DNAQ] 971448 A X7} AF&EcH(Cheng et al., 2016; Jiao
et al,, 2020). o]F ITS P FF A F0] &o, A=
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T A= 0.2g4 E5F0] DNA &0 ARE-5F3ITE
DNA FZo9]+= Qiagen DNeasy Plant Maxi kit (Qiagen
Hilden, Germany)& A3} o0, A3 B2 DNeasy
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HERREE Y 241 913F ITS2 P <(Table 1) 2ho]H 2]
A| 22 Tlumina 16s rRNA metagenomic sequencing library
protocol-S #a13}te] o]F oA th 12} PCR2 gDNA 10ng,
reaction buffer 5X, dNTP 1mM, forward/reverse primer Z;
Z} 500nM, Herculase 1T fusion DNA polymerase (Agilent
Technologies, Santa Clara, USA)S &315}o] HH-3-91-2 A
Z3Atk 12} PCRE) cycle2 94°Cof|A 457t initial
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Table 1. Primer set used for metabarcoding.
Primer Sequence(5’—3’) Direction Reference
ITS-3p YGACTCTCGGCAACGGATA Forward
Cheng et al., 2016
ITS-4u RGTTTCTTTTCCTCCGCTTA Reverse

denaturation -, denaturation< 94°Coj| 4] 30%, annealing
2 55°Co|| 4] 40%, extensionS 72°Cof|A] 6022 343] vt
H3lgom, 72°Col| A4 1057} final extensionS A A6}
t}. 12} PCRO| AFEH Illumina adapter F-2} ITS2 uni-
versal primer®] 7|49 o} 2t} ITS3p forward
primer 5° TCGTCGGCAGCGTCAGATGTGTATAAGAG
ACAGYGACTCTCGGCAACGGATA 3°, ITS4u reverse
primer 5> TCGTGGGCTCGGAGATGTGTATAAGAGAC
AGRGTTTCTTTTCCTCCGCTTA 3’. 12} PCR AtEE
AMPure beads (Agencourt Bioscience, Beverly, USA)=
purification 3}%3Th 22} Index PCR-2 Nextera XT Index
primerE AMESFl oM, S% 212 12 PCR 2413} &
A5}k 22} PCR AFHE E38F AMPure baedsS AF8-5}o]
purification S} tl AZHE libraryE A S 2 Milseq
300PE platform(Illumina, San Diego, USA)S Z3l 7| A
d A4S AAlskai 2ol B Al 47148 24
< (55 MACROGENY] 9o]&]5}o] o] FofF{ct.

A5 A7) A E-2 QIME2-cutadapt(--p-front-f YGACT
CTCGGCAACGGATA, --p-front-r RGTTTCTTTTCCTCC
GCTTA)E &3l H71A L2 primer FS A|ABHAT.
0]3% QIIME2-DADA2(--p-trunc-len-f 0, --p-trunc-len-r 0)
£ E3| quality filtering, denoising, dereplication®} 5-A]o]
ASV(Amplicon Sequence Variant)ES A5t th ASV Y
A7 S thAFSE NCBI nt databaseE AF-g&35}o]
BLAST(Geneious 10.2.5)2 A A5}l BLAST 2y} =
E-value7} 714 Wal, identical score?} query coverage”|
80% o]4k] 21 54 Askz Adsheow], 27) olxel
=0 3] BLAST Zile-value, identical score, query
coverage)7} F LT B H Fo] FAHE A= EASH

k.

2% o 2
A7V E BEAZAT} 3,262,50071, & Z o] 982,012,500 bp
o] A7) o] A= Itk Quality filtering 2 denoising
3T % 8,5067) reads”} ASVs @A AFRE|Ql O, & 40
7N ASVs7} HHEo]Zti(Table 2).
407} ASV % 357471 B0l ABsrolon, BRE &

(genus)E H| &L Pinus 32.5%, Larix 22.5%, Quercus 15%,
Rosa 7.5% 59 ¢A]2 YEeRGtHTable 3, Figure 1). 3l
S5 AAAHOR LE WS Y, AAHoRE B
HASHA AHE-El= EFa=0|th(Gernandt et al., 2005;
Bruneau et al., 2007; Goryachkina et al., 2013; Hubert et
al,, 2014). & =& F7o] E ASV 3, ASV005, ASV014,
ASV0182 Tl F2 E4sh= © Aufisisich. ASV0057}
B2 Pinus sylvestris, P. thunbergii, P. taiwanensis, P.
hwangshanensis-2 Pinus ©}&(subsection) 3Z3}FE| o] -F-72 %
S 2% o 717k (Zeb et al., 2020), ASV014(Quercus
dentate, Q. mongolica, Q. serrata)?} ASVO018(Quercus
variabilis, Q. acutissima)©| 7% 5 Quercus <9
A Quercus H(section)¥} Cerris A2 ZtzZF U w, 2+ 4
W FE52 AR 77k 2 WA o] tH(Zhou et al,
2022). FZF w9 77k A wA O Bl ITS o 471

Hgo] Fesle], F M T FOE BRI} sl

o
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Sohe 407, 7)F AolA A1E ARzRE Reld 4
7F QA1 31(Nakase et al., 2003), <& Ao A= 2540l
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Table 2. The number of reads of ASV in each wood pellet sample.

ASV_ID P01 P02 P03 P04 P05 P06 P07 P08 P9
ASV001 0 0 0 0 0 0 850 0 0
ASV002 774 0 0 0 0 0 0 0 0
ASV003 0 0 0 0 0 0 762 0 0
ASV004 0 0 0 651 0 0 0 0 0
ASV005 0 0 0 457 0 0 0 0 0
ASV006 0 0 0 0 0 0 0 0 417
ASV007 0 371 0 0 0 0 0 0 0
ASV008 0 0 0 0 353 0 0 0 0
ASV009 0 0 0 0 0 0 310 0 0
ASV010 0 0 298 0 0 0 0 0 0
ASV011 0 0 0 294 0 0 0 0 0
ASV012 0 0 0 0 291 0 0 0 0
ASV013 0 275 0 0 0 0 0 0 0
ASV014 0 0 0 0 0 0 0 260 0
ASVO015 190 0 0 0 0 0 0 0 0
ASV016 179 0 0 0 0 0 0 0 0
ASV017 0 0 0 0 162 0 0 0 0
ASV018 0 159 0 0 0 0 0 0 0
ASV019 0 146 0 0 0 0 0 0 0
ASV020 0 0 132 0 0 0 0 0 0
ASV021 0 0 0 0 0 0 0 130 0
ASV022 0 0 0 0 0 0 0 129 0
ASV023 0 0 0 0 0 0 0 127 0
ASV024 0 0 0 81 0 0 0 0 0
ASV025 0 0 0 0 0 0 0 79 0
ASV026 0 0 0 0 78 0 0 0 0
ASV027 73 0 0 0 0 0 0 0 0
ASV028 0 70 0 0 0 0 0 0 0
ASV029 64 0 0 0 0 0 0 0 0
ASV030 0 64 0 0 0 0 0 0 0
ASV031 0 0 0 0 59 0 0 0 0
ASV032 0 0 0 0 0 0 0 40 0
ASV033 0 0 0 0 0 0 0 0 35
ASV034 0 0 0 0 31 0 0 0 0
ASV035 28 0 0 0 0 0 0 0 0
ASV036 27 0 0 0 0 0 0 0 0
ASV037 0 0 0 0 25 0 0 0 0
ASV038 0 0 0 0 0 0 17 0 0
ASV039 0 0 0 0 0 0 15 0 0
ASV040 0 0 0 0 0 3 0 0 0
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Table 3. ASV and taxa identified using BLAST(nr database) in wood pellet samples.
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ASV_ 1D Genus species E-value  Identical score Query coverage
ASV001 (unassigned) (unassigned) - - -
ASV002 Rosa Rosa soulieana 99.2 99.75
ASV003 Quercus Quercus serrata 99.2 100
ASV004 (unassigned) (unassigned)
ASV005 Pinus Pinus sylvestris, Pinus thunbergii; 0 96 100
Pinus taiwanensis; Pinus
hwangshanensis
ASV006 Pinus Pinus nigra 0 95.6 100
ASV007 Quercus Quercus aliena 0 99.5 99.75
ASV008 Pinus Pinus contorta 5.89E-165 92.2 98.13
ASV009 Pinus Pinus contorta 0 98.8 100
ASVO010 Larix Larix decidua 0 97 99.76
ASVOI11 Larix Larix decidua 0 94.6 100
ASV012 Juniperus Juniperus communis 0 100 100
ASVO013 Pinus Pinus contorta 1.31E-146 89.1 100
ASVO014 Quercus Quercus dentata; Quercus 0 99.7 100
mongolica;, Quercus serrata
ASVO015 Larix Larix decidua 95.1 100
ASVO016 Larix Larix decidua 95.3 100
ASVO017 (unassigned) (unassigned) - - -
ASV018 Quercus Que;fcu.s variabilis;, Quercus 0 99.2 100
acutissima
ASV019 Pinus Pinus contorta 0 95.1 100
ASV020 Larix Larix decidua 0 97.6 100
ASV021 Pinus Pinus contorta 2.15E-154 90.2 100
ASV022 Pinus Pinus nigra 1.23E-125 97.8 85.35
ASV023 Pinus Pinus contorta 0 94.6 100
ASV024 Larix Larix decidua 0 95.8 100
ASV025 Larix Larix decidua 0 97.3 100
ASV026 (unassigned) (unassigned) - - -
ASV027 Rosa Rosa soulieana 98.2 99.75
ASV028 Erythrobasidium Erythrobasidium sp.; 99.5 100
Erythrobasidium hasegawianum
ASV029 Glycine Glycine max 0 100 100
ASV030 Quercus Quercus aliena 0 97.7 99.75
ASV031 Veronica Veronica arvensis 0 99.5 98.28
ASVO032 (unidentified) Uncultured bacterium 3.40E-161 99.4 98.16
ASV033 (unassigned) (unassigned) - - -
ASV034 Pinus Pinus contorta 9.65E-178 93.5 100
ASV035 Larix Larix decidua 0 96.3 100
ASVO036 Rosa Rosa soulieana 0.00E+00 98.2 99.75
ASV037 Juniperus Juniperus communis 0 98.3 100
ASV038 Quercus Quercus serrata 0.00E+00 98.2 100
ASVO039 Pinus Pinus nigra 2.73E-168 92.1 100
ASV040 Ascidia Ascidia ahodori 1.14E-145 98.3 100
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Figure 1. Identified taxa composition (%) for 40 ASVs in genus level.
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Figure 2. Genus level taxa composition (%) for each wood pellet samples.
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