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BEE—REIT (cytochrome ¢ oxidase subunit I,
COD) 57! (FJE4 5 650 bp) » A& A i~ HfeE i
JE 5 HAT - COI ERTEZ ER T RaabfE ik
#E (Kress et al., 2015) » NAE(E i 1 EE
R 2 andln E VA 1568 HER T 2A  — &
FiEt R et SRS ERE I IERNT 2 » ST
BiRa COl ERHGIT 5 = #HEEEE (coding
region) H & & fr<F M - VA K E B HE A
(insertion) =Xfiide (deletion): EJFH EEEE—
A[BHHEEESEI T 0 = COT FRIN8 BLRRLY Ryt i
4 12S rDNA 5§, 16S rDNA ZELNAY 3 % - FlfiE
AR E U~ £S5 RETEY 23 & 4 TR aaY)E
41 800 fEfik DNA FREEATHELLYES (https:/www.
boldsystems.org/index.php/Public_SearchTerms
) - DNA {585 £ 5 Ry B2 @ 77 JH Y B AR 7 JHRF 3L
(Kanturski et al., 2018, Gopurenko et al., 2021) »
I ] A R 4 5 4 SRR B e % AR UE S P B
(Kress et al., 2015) » {32 4@ ik = 2480 55HY
e S RFAE Bl R RE LGS - ] e AR B AR RRAH T
AR - BEF SR TS i 2
BT o B SRA ZN D HES - hEBEED)
Fo BIFER  THEH K E 4@k AR AlfnAH
HISFEEEE E4E R © e AT HY DNA {5k
WSE Pt i e B A B 2 - 12 B R E
A] A R R o 1 P S an Vs - DA
TR bR REE

AT 10 47K » DNA EFFRUlT i A 52 - B
W EFE (high-throughput sequencing) Ffi77
FhEEREIMAFTZEnE » SR B & 25k M A B Bl
ZWhgeiERE (Piper et al., 2019, Chua et al., 2023,
Fikacek et al., 2023) - RS DNA &5 -
5 8 B 8K (megabarcoding) ~ JT £ I
(metabarcoding) - & PCR (quantitative PCR,
qPCR) ~ droplet digital PCR (ddPCR) Ei shotgun
metagenomics > 35 L 7R REET 4 B A A S R
FERITA T BB BRIl e - ZRRE R it 2
AV E 4SS (Jennifer et al., 2016, Chua et al.,
2023, Hebertet al., 2023) ; H » Si@E B E{REE
FEEBEHREHEATETREREALERF (Yeo
et al., 2021, Hebert et al., 2023) » A3REEES
FERVERR EN Y88 2l - KR BB 72 AL AE
HAHRAAYEE 2 ST -
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Generation Sequencing) F Z{B&: & ENEEH
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xR— AMEEAZEERREEN K DNAEHE PCR 5| 7% PCR E4).2 DNARE - EF demultiplex
AR 551 21E2 GenBank LtE¥$a9MFEABIUE
Table 1. Specimen information for quarantine pests, Nanopore tagged primer pairs, DNA concentration of
PCR products, demultiplexed sequencing reads, and BLAST species similarities from GenBank

Collection ID Country Crop Quarantine Primer F Primer R DNAconcentration  Demultiplexed Taxon Similarity
date Bureau (ng/pl) sequences (%)
20190111 Dip258  New Zaland Avocado  Hsinchu LCO_13_001 HCO_13_001 17.2 1375 D. immigrans 100
- Dip336-1* USA - - LCO_13_001 HCO_13_002 6.88 560 D. suzukii 100
- Dip337-1# USA - - LCO_13_001 HCO_13_004 8.4 788 D. suzukii 100
- Dip337-2* USA - - LCO_13_001 HC0_13_005 6.08 639 D. suzukii 100
20210807  Dip398-1 Japan  Grapes Hsinchu  LCO_13_001 HCO_13_006 .74 539 D. simulans 100
20210827  Dip399-1 Japan  Grapes Hsinchu  LCO_13 001 HCO_13_007 16.4 1487 D. suzukii 100
20210908  Dip403-1 Japan Grapes  Hsinchu LCO_13_001 HCO_13_008 2.6 175 D. melanogaster 100
20210908  Dipd03-2 Japan  Grapes Hsinchu  LCO_13_001 HCO_13_009 6.46 431 D. melanogaster 100
20220511  Dip430-1  Australia  Grapes Kaohsiung  LCO_13_002 HCO_13_001 183 5521 D. simulans 100
20220511  Dip430-2  Australia  Grapes Kaohsiung  LCO_13_002 HCO_13_002 24.2 5195 D. simulans 100
20220511 Dip430-3  Australia  Grapes Kaohsiung LCO_13 002 HCO_13_003 29.2 9858 D. simulans 100
- Dip499-1* NCHU(lah) - - LCO_13_002 HCO_13_004 322 10460 D. melanogaster 100
- Dip499-2* NCHU - - LCO_13_002 HCO_13_005 26.2 7788 D. melanogaster 100
- Dip499-3*  NCHU - - LCO_13_002 HCO_13_006 31 9440 D. melanogaster 100
20230905  Hem2822  Vietnam Chinese Kaohsiung  LCO_13_003 HCO_13_005 30.2 5373 Myzus persicae 100
cabbage
20230906  Hem2823  Vietnam  Chinese Kaohsiung  LCO_13_003 HCO_13_006 10.6 1372 Myzus persicae 100
cabbage
20230906  Hem2824  Vietnam  Broccoli Kaohsiung  LCO_13_003 HCO_13_007 36.6 7014 Myzus persicae 100
20230907  Hem2834 USA Lettuce Kaohsiung  LCO_13_003 HCO_13_008 3.2 397 Aulacorthum solani 100
20230907 Hem2836  Indonesia Chinese Kaohsiung  LCO_13_003 HCO0_13_009 348 299 Lipaphis 100
cabbage pseudobrassicae
20230907  Hem2837 USA  Romaine Kaohsiung LCO_13_003 HCO_13 010 1.92 150 Aulacorthum solani 100
lettuce
20230907  Hem2838 USA Lettuce Kaohsiung ~ LCO_13_004 HCO_13_001 10.1 2222 Aulacorthum solani 100
20230928 Col935 Japan  Japanese Taichung  LCO_13_004 HCO_13_003 6.38 2127 Sipalinus gigas 99.85
cedar
20230928 Col936 Japan  Japanese Taichung  LCO_13_004 HCO_13_004 6.38 1860 Sipalinus gigas 99.85
cedar
20231002 Col937 USA Planks  Taichung  LCO_13 004 HCO_13_005 10.0 2687 Silvanus muticus 97.72
20231002 Lep1440 Japan Apple  Keelung  LCO_13_004 HCO_13_006 344 10057 Grapholita molesta 100
20231002 Lepl441 Japan Apple  Keelung ~ LCO_13_004 HCO_13_007 32.8 10714 Grapholita molesta 100
20231004  Col932 Japan  Timber Taichung  LCO_13 004 HCO_13_002 10.0 2835 Silvanus bidentatus ~ 99.85
20231004  Lepl442 Japan Apple  Keelung  LCO_13_004 HCO_13_008 32.2 4423 Grapholita molesta 100
20231011 Thy37 Japan Apple  Keelung  LCO_13_004 HCO_13_009 4.32 544 Scirtothrips dorsalis ~ 99.24
20231013 Ort193 Japan Logs  Taichung  LCO_13_003 HCO_13_003 12.9 2144 Gryllodes sigillatus 100
20231020  Lep1459 Japan Apple  Keelung  LCO_13_002 HCO_13_007 33.2 10082 Grapholita molesta 100
20231020 Lepl1460 Korea Pear  Keelung ~ LCO_13 002 HCO_13_008 29.8 5024 Grapholita molesta 100
20231024  Lepl461 Japan  Apple  Keelung  LCO_13_002 HCO_13_009 22.6 3099 Grapholita molesta 100
20231024  Lep1462 Japan Apple  Keelung  LCO_13_002 HCO_13_010 15.6 2011 Grapholita molesta 100
20231024  Hym169-1 Japan Apple  Keelung ~ LCO_13_003 HCO_13_004 19.7 4165 Trichogramma 98.63
chilonis
20231024  Hym169-2 Japan Apple  Keelung  LCO_13_003 HCO_13_001 145 2802 Trichogramma 99.54
chilonis
20231024 Hym169-3  Japan  Apple  Keelung  LCO_13_003 HCO_13 002 204 3583 Trichogramma 99.67
chilonis
20231025 Thy38 Japan Apple  Keelung ~ LCO_13_004 HCO_13_010 5.54 951 Scirtothrips dorsalis ~ 99.39
20231025 Thy39 Vietnam Snap peas Taichung  LCO_13_001 HCO_13_003 0.73 3 Unknown -
SHERE A 1.5 ml EEECE%R > 1A 50 ul HCO2198 #1EF DNA %% (Folmer et al.,
QuickExtract DNA extraction kit (Epicentre 1994) » > ONT EfFF~ DNA BEAZEEE
Biotechnologies, Lucigen  Corporation, #H1£% Fikacek et al. (2023) H@AS T FE
Middleton, WI) HEfFHHIE » B AEECRE A =) B ETHEIT R b 4 4R 10 LA
InEAES LA 65°C JiZk 10 min 7% 15 sec» 98°C sty HAlEE 40 ﬁéﬂé}ulﬁﬁ%ﬁ?z& PCR
DIEL 2 min > FA&RIZEHGE AV EE £ F &2 DNA 7E ) o {# Hl Biometra Tone i\ fff & #
RAEFN-20°C A BEH - (Biometra, Gottingen, Germany) #:{7 PCR
(4) DNA 1% = fEH RAYEH S [+ LCO1490 f [ - (ERRAERy 94°C 2 min —35 {E{EHR
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Cytochrome oxidase subunit | (COl}

ey B

(Nanopore amplicon library preparation}

-

{8 F3 Oxford Nanopore Technologies B3§2 MinlON &£ 1T160% E 22 DNA RIS AMT 2 AR LEIRIERAR
Standard operation procedure of DNA barcoding for quarantine pests using the MinlON sequencer developed by
Oxford Nanopore Technologies.

B—
Fig. 1.

& K7L DNA &% PCR R EEZEE 2 4 #H 5] F (LCO) K 10 #Fih#5l+F (HCO)
Table 2. Four and ten tagged sequences of forward (LCO) and reverse (HCO) primers for Nanopore DNA

barcodes
Primer Tag Tagged Primer Sequence
LCO_13_001 GCGACAAGCACCG GCGACAAGCACCGGGTCAACAAATCATAAAGATATTGG
LCO_13_002 GCTCCTACTGCCA GCTCCTACTGCCAGGTCAACAAATCATAAAGATATTGG
LCO_13_003 GTAGCCTATGGCG GTAGCCTATGGCGGGTCAACAAATCATAAAGATATTGG
LCO_13_004 GTTAGACAATACT GTTAGACAATACTGGTCAACAAATCATAAAGATATTGG
HCO_13_001 ATCCGGTCGGAGA  ATCCGGTCGGAGATAAACTTCAGGGTGACCAAAAAATCA
HCO_13_002 CTGAGGTGATCAG CTGAGGTGATCAGTAAACTTCAGGGTGACCAAAAAATCA
HCO_13_003 AGTGTCCTGCTAG AGTGTCCTGCTAGTAAACTTCAGGGTGACCAAAAAATCA
HCO_13_004 ATAAGCAATTCGA ATAAGCAATTCGATAAACTTCAGGGTGACCAAAAAATCA
HCO_13_005 ATCTAACAGGACC ATCTAACAGGACCTAAACTTCAGGGTGACCAAAAAATCA
HCO_13_006 CATTATATAGCCA CATTATATAGCCATAAACTTCAGGGTGACCAAAAAATCA
HCO_13_007 CCTGATTACGTAA CCTGATTACGTAATAAACTTCAGGGTGACCAAAAAATCA
HCO_13_008 CTAATACACACCG CTAATACACACCGTAAACTTCAGGGTGACCAAAAAATCA
HCO_13_009 TTATGACCGTTGC TTATGACCGTTGCTAAACTTCAGGGTGACCAAAAAATCA
HCO_13_010 TTCTCGGCCGCAT TTCTCGGCCGCATTAAACTTCAGGGTGACCAAAAAATCA

94°C 40 sec > 45°C 2 min > 72°C 40 sec —72°C
10 min —16°C (B ZE et AR ) - Fsbisg
ONT Ef7Hy DNA {RESIERENM: » P A
517 LCO1490 K, HCO2198 #iE DNA {445 -

(5) FEIKSIHT ¢ HU 4.5 pl PCR SR EEY)EL 1 pl e
R DL 1% HIEARBHET TR T > TR
EVINEER  K/INEE 5 R IERE > FEY)SE =
VIR 40 ng > BEIRRIRIERTY PCR EY) &

EFAEE 94°C 2 min —35 {EfEFE 94°C 40 [ o
sec > 45°C 1 min > 72°C 40 sec —72°C 10 min
—16°C > [E1&ZE FH B 1T F5 A A il K B2 g il o — -~ ONT X EHFEHEEF

FEEET ST L HETT Sanger B » B R4S SR L

ONT [ Fro | TIEREMEEL S -

%084 ONT 9 SQK-LSK109 kit > Ligation

sequencing amplicons ¥:{E+5EF (version: PBAC

~89~
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12_9067_v109_revN_14Aug2019) & Fikacek et
al. (2023) falk Z Hh AR B AT T A B

TLSCE -

(—) REER[E[YEL PCR ZEYDEEE

(D

(2)

FR AT RIER AR AU E 39 (& - B
A PCR WAL 7 Wl 2—{E#HY 1.5 ml
MERLVERBTRES AN 273
ul - AR EHGTE H ARy AMPure XP
42k (Beckman Coulter, USA) 174l
b I EHESRACR G - f DNA BligiBR4s

Lo
DNA &5 B 5eAT

(a) HHHEREERAERE - 2 min > ]
W R EFT 1.5 ml f{EH0
B EBRNEIEE -

(b) FREREVEGHIEHE L A 1 ml
T0% P REHEA TR - BB &) > 5%
H 2 min 1% - WHZFTARES » BEILT
HEE 3 R EIREHEREEIES 5
min > 77 K A DA i B RGER R i P 2 M

(c) s EREENELE - 1A 35 ul
ddH0 jRrUEER L » EEHREHT DNA
EZ00 TE#E 10 min -

(d) e B oI - BEiRR FE
RS EH 1.5 ml (s -

(Z) #Ef5fE T (Amplicon) SCJH

(D)

(2)

3)

=15 DNA #6158

247 200 ng 17y DNA A S - (HH
Qubit 4.0 (Thermo Fisher Scientific,
USA) &= DNA BT - HIfSEEER DNA
TS Ky 104 ng/ul> (RIBEZEET 1.9 ul i DNA
TR EER -

218 DNA “Rill- 4 7% A-tails : #£ 0.2 ml
PCR tube > JEGHIALLTEA ¢ (2) 1.9
ul » 485 200 ng #J DNA ; (b) 3.5 ul Ultra
II End-prep reaction buffer ; (¢c) 1.5 ul
Ultra IT End-prep enzyme mix ; (d) fIA
ddH20 - 48#GH5 Fy 31 ul - (] PCR <5
1 20°C TEFE 5 min » {F 65°C Iz 5
min -

# F adapters @ JE& 2.5 ul Ligation
Buffer ~ 5 yl NEBNext Quick T4 DNA
Ligase & 1.5 ul Nanopore AMX » 3&%5 5
19 ul » JuAZE 31 ul end-repaired DNA >

~90~

4)

HEEGIR R 50 ul > fEZ06 MAFE 10 min -

5 E%#5EdE (Size selection) :

(a) A E]—(EHHY 1.6 ml FHEHE L
& K AMPure XP WHEES) % » IR
NIELEEA S B AGTE H AR 50 pl
AMPure XP W2k » SO TR S - 7)
RS

(b) 3B ZEE 5 min 1% » E L [EM EHEE
b & 5 min - HF| buffer 8% -
i IE R

(¢) SCJEBEEHHERE »
EESEEILUR S
HZFE RS

(d) REER BRI » (5] 7 ul ddH20
[EEEEEE - REFTA YRR ER
FERRK N KKRIITRESER  WAEE
i FAFE 10 min ;

(e) BB RBIMERE b » FFRAER) B AE
% i’ FIERISE—EHHY 0.2 ml £
HEELE

() HUH 2 wl 3 - [/ Qubit 4 HIS=
f& By 11.9 ng/ul - DNA ] ff 4°C T {#
7 1-2 [ 545 Fy-20°C Al A]frF B &I
fil °

7Nhn 125 pl SEFB »
F¥E 5 min 1% - I

(=) MinION EF¢

(1) #Eff§ priming mix : £H 1 {#EFHY 1.5

ml HEEECE JILA 117 pl flush buffer
(FB) £ 3 ul flush tether (FLT) > £/
EERRE ©

(2) AEMFSCE @ SH 1 {EFEY 0.2 ml (i ik

OVE > IA 5 ul DNA SC&E ~ 15 pl
sequencing buffer (SQB) k. 10 ul
loading beads (LB) -

(3) # Flow Cell (R9.4.1) % A. MinION

Mk1B (MIN-101B) » JEg]—rZ A iz 4
22 PEIRE A -

(4) fuEhEE R LATRRRAE AR - (£

200 pl fE S ERS SR O IA
Priming mix - %1853 & 1R A= A
Flow Cell 5 » (g il 2GS 730E
AHZEREA °

(5) {#HH] 200 pl ¥ s E S A bE b 14218

DA DNA SZJEE - M6 H = H s A S
& - ORISR LSl 2 A
Z25R, > % DNA SUHG&HIHEA Flow
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cell -
(6) % MinlON Mk1B #F A » 75

MinKNOW v. 23.07.15 > & P&z

& Flow cell g FHYFLEL -
(P9) fifks# E (Basecalling) : £ GPU B {FE £
4K 0 (FFHEE Guppy v. 6.5.7 (Oxford
Nanopore Technologies) 4 FAST5 fEZE4%
AEEHE B 5IRE » 455 &y guppy_basecaller -
i [fast5_dir] -r -s [basecall_output_dir] -c
dna_r9.4.1_450bps_hac.cfg--num_callers 1
--gpu_runners_per_device 8 -x auto °
% T fig sR B 51 U &8 0 fiE A EOER
ONTbarcoder 2.2 (Srivathsan et al., 2021)
&7 &S 41 demultiplex 32573 {f:H
SLEREEALLHE ~ 5l Y RS TR F &S
(327 » ¥ basecalling {511y fastq fEZ i
TEARFPI&E S S FPFIHIUERIE - Ba
1% B[ FyeZY0iE DNA 751 - AHRSBEE Ry
(a) DNA {iRES& 8 S/ MR A 5 [+
b | BESE By 658 bp 0 EYIRIS [V
#Pz%E 5 100 bp 5 (b) consensus calling {5 3
FEE B 57T (Main consensus calling : 0.3 ;

(1)

Range of frequencies to assess : 0.2-0.5 ;

step size : 0.05) ; (c) E{HEMH (A HEE)
Yk 4R Ea4EtE 5 (d) consensus by length 2%
T * coverage 25 ~ 50 ~ 100 ~ 200 F1 500 » 38
R ER K2 © 50 bp
similar setting HY coverage 5% 1€ & 100 - X
BEOITRAE Ry ¢ (1) 3% primer J tag #EfT
Demultiplexing; (2a) FEi R L 5
B TR RS & A BT R e 5] - 2 E 4
FERVE R W {EH MAFFT TS
(2b) EMEA DR EERILE © 1L 2a s Bt
sk AR A 51 (RRADURE> 90%) » Wi
MAFFT 7% 5 (3) B RSt aE
R ¢ (¢ 2a HRIBEH B SR AH DL HY R e
FIGFEEE> 90%) » {5 MAFFT 317355

e

» consensus by

=~ VRENFYIEEYE

%55 F{#H%E GenBank (https://www.ncbi.
nlm.nih.gov/) B Barcode Of Life Data System
(BOLD) #fT/e7ItdEELE - AHUEEE 97% DL FE
EYITEREERTE (Hebert et al., 2003) » 3 & TE
Vit DNA Ferl#E TG - WEsdtd s BRRE

~91~

Rk -

'Y -~ DNA FEFHER

i SeaViewb (Gouy et al., 2021) -~ Muscle
Multiple Alignment & 74 i 7% HU 15 #Y > 51] B
GenBank NEHYFYIHETHER -

A~ B&

HEFF1%09 DNA 751 > {#F MEGA 7.0 (Kumar
et al., 2016) HY#S ¥ EF EE /L (neighbor-joining
method, NJ) f i ¥Eay BRI - I E TR E R
FEAIEEH Kimura 2-parameter o {EF5 51 ELEE
F2E%E B Pairwise deletion > fi®BLfY 7 ¢ HI {5 FH
P#LE (Bootstrap method) &M » S EUEEES
EE 1,000 -

& X

FEFFEHRILE] 108 EiREF 77 (reads) » 4%
g & fy 652.88 Mb >[5y N50 £ 614 bp > &
FrRi e 8 12.3 Gb » FHEISRT B 2 /NIF 13 43 -
FEAHETT demultiplex & » BEAREFFFFII A 3-
10,714 i (FF—); AT E T 38 {EfEA -
Hr % Thy39 JEERYE (0.76 ng/pl) » fEHE 3
&5 > REERCDIHUE FP 7l 5 T 2K Y 17 55
Hem2837 (1.92 ng/ul) K B4 Dip403-1 (2.6
ng/pl) - S3H1A 150 Rk 175 fRfEFe P51 - 2l
ISR & 5 P FY)RE - Hertr AR i
Fy 8.2~36.6 ng/ul » A EE G HUSFF » S8
EEAHY DNA RS EUSEIRI R 5 2 B EAH R
(R=0.89; P<0.001) ([& —) - HER&5 R &~ ONT &
FrEC AR DNA R 2/ D/H ] 1.92 ng/ul > 75
ST R ET RN — RS
(consensus) 73#fr > MEE AT B AR PCR F
HIERE S - %4l ONT EFFHiTHlfS 2 DNA {65
F31] » Bil Sanger i& fpEbE—2 - AIHECRYIMEEL B
FRIERENE -

Vit e LL b o s Ee D SR R [
YitE D. immigrans ~ D. simulans F B (D.
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GenBank. Species names were labeled beside each group; #: sequences acquired in this study.
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ABSTRACT

Border quarantine of crops is the first line of defense against pest invasions. Therefore,
rapid and accurate identification of detected pests is crucial to develop appropriate
management measures. However, identifying most pests is challenging, and conventional
molecular identification methods cannot acquire sequences to confirm species identity within
one day. Such delays affect crops’ freshness and reduce quarantine measures’ effectiveness.
This study aims to establish a laboratory DNA barcoding approach for sequencing
mitochondrial cytochrome c oxidase subunit I (COI) using the MinION sequencer from Oxford
Nanopore Technologies (ONT) to shorten identification time. This procedure evaluates the
DNA concentration and PCR product volume required for ONT library preparation,
sequencing reads counts, and priors for DNA consensus analysis. We prepared the ONT
library using quarantine fruit fly species and 14 batches of border quarantine pests from the
Quarantine Bureau. DNA barcodes were obtained using the MinION sequencer, yielding 1.08
million reads, a data volume of 652.88 Mb, an N50 sequence length of 614 bp, and a
sequencing file size of 12.3 Gb. Our results show a positive correlation between sample DNA
concentration and sequencing reads, establishing a baseline DNA concentration of 1.92 ng/ul
for ONT sequencing. Blast results in GenBank confirmed 100% species identity of the four
fruit fly species and 97.73-100% for the quarantine pests, enabling accurate species
identification. Consequently, DNA barcodes can be obtained within 1 to 1.5 days using the
standard procedure of ONT. Although the cost of ONT sequencing is high, mixing multiple
samples in a single reaction can be offset. Obviously, the ONT method significantly enhances
quarantine capabilities by accelerating pest identification, effectively reducing the
quarantine timeline of imported agricultural products.

Key words: Sequencing technique, DNA barcodes, quarantine process, species
identification
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