Annals of Clinical Microbiology

Case Report

L)

Check for
updates

& OPEN ACCESS

pISSN : 2288-0585
elSSN : 2288-6850

Ann Clin Microbiol 2021 December, 24(4): 135-140
https:// doi.org/ 10.5145/ACM.2021.24.4.4

Corresponding author
Jae-Seok Kim
E-mail: jaeseok@hallym.ac.kr
Tel: +82-2-2224-2327
Fax: +82-2-2224-2214

Received: June 28, 2021

Revised: September 27, 2021
Accepted: November 11, 2021

© 2021 Korean Society of Clinical Microbiology.

This is an Open Access article

BY _NC distributed under the terms of
the Creative Commons Attribution Non-Commerdial
License (http: //creativecommons.org/licenses/by-
nc/4.0/) which permits unrestricted non-commerdial
use, distribution, and reproduction in any medium,
provided the original work is properly cited.

A Case of Whole Genome Analysis of SARS-
CoV-2 Using Oxford Nanopore MinlON System

Jae-Seok Kim", Sung Hee Chung *, Jung-Min Kim", Hyun Soo Kim", Han-Sung Kim", Wonkeun Song
Department of Laboratory Medicine, Hallym University College of Medicine, Seoul, Korea

Oxford Nanopore MinlONS 0| 2%t SARS-CoV-2
FHH| 2A 10]

2xM© =3 2me© Ana® s ® s
St2Ich et o|achst RIEtAAe| St Al

ABSTRACT

The application of whole genome sequencing on SARS-CoV-2 viral genome is essential for our
understanding of the molecular epidemiology and spread of viruses in the community. The
portable whole genome sequencer MinlON (Oxford Nanopore Technologies, ONT, UK) could
be feasibly used in a clinical microbiology laboratory without the need of vast resources or
stringent operating conditions. We used the MinlON sequencer to analyze the viral genome
sequence of one SARS-CoV-2 strain. In June 2020, nasopharyngeal specimen from one patient
was subjected to whole-genome analysis using the nCoV-2019 sequencing protocol v2 of
ARTIC using the MinlON sequencer. The ONT MinKNOW software, RAMPART tool, and Genome
Workbench were used. We identified 11 nucleotide variants using the Wuhan-Hu-1 isolate
(NC_045512.2) as the reference sequence. There were six nucleotide variants (T265I, F924,
Y3884L, P4715L, L5462, and Q6804L) in the ORFlab region, one variant (D614G) in the S gene,
one variant (Q57H) in ORF3a, one variant (P302) in the N gene, and two variants in each the 5'-
UTR and 3'-UTR. In this prolonged coronavirus disease 2019 (COVID-19) pandemic season, the
MinlON system that operates an amplicon-based whole-genome sequencing protocol could be
a rapid and reliable sequencer without the need of cumbersome viral cultivation.
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INTRODUCTION

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)x= 20191 12 F= -SHAJof|A] A
< B E|glom oF30,000712] H71M D2 7 RNA viusZ AT, 16709] H 712 TS Rhe=
open reading frames (ORFs) 1-102t -2 TS JFE= 8 F, M,N 5-9] 712 = 0| F0{7] QlT1].

SARS-CoV-2 44 2412 gta] 24 9l §io|3] 2RI 9Jal St &2 SHH[2], next
generation sequencing (NGS) 7]7]<] Tllumina (San Diego, CA, USA)2] Tkt 7]&-0] L} Oxford
Nanopore Technologies (ONT, Oxford, UK)2] &2} 7]5-& ©]-83 4= JIth3-7].

NGS 7]7] & ONT MinlON-> 247} &t Qto] S0z = 2 Ao sl gate] St 7|
HF x2S o] &5t AAITte 7 FA0] 75t FH|=A NGSE Y44 o &2 4280517] ol
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& ArH oM AFgo] 7Hssiet g P=2] ARTIC networkOll A= THYSH bioinformatic
75 Algsh, otz 2] 7k Ebola virus 34 A0l AREEE 4= Q1= HAI7E QL. 1, Lassa virus,
Yellow fever virus, Influenza virus, SARS-CoV-2 5-2] 5744 EAJoll = AF8-5Hal 1Tk [1,8]. Real-time
reverse transcription (RT)- polymerase chain reaction (PCR) A] 2% cycle threshold (Ct) %Yol| w2k
RNA && 2A5k=tl, Ct 7t 18352 AA= 5E& 8]Aglo] ARGl HAISAL QT ARTIC
network2] =24 A= cDNA 23 & 2187H PCR primer= 987 -3 A} F-9] 5 5-Z5h= multiplex
PCRE 27]2] PCR tube = A|3H3F T2, library S A2F5FH ol MinlON 78| 2 2Agch b ES
oju} 7H91-8 AFEE ONTOIA #|ZsHe MinKNOW AZEQo]E 7155t0] G7|Ad 24
< X135 FASTS THA-& A dSHHS]. ARTIC network (https://artic.network/ncov-2019)°1 4] A5
5= ARTIC MinlON A|A| S 0]-8-5lo] BAM T+, consensus.fasta 52 Tt -S- A5t §-2A)
JHE A=t Guppy £2ZE 0] 5 53 basecalling, demultiplexing, read filteringS & 4~ 912
RAMPARTE AR&-0HH AAITEO & ZF -} 2-919] read A/d & AAITFO 2 BRIEH 4= Q.

o] 7= 20201 62 SARS-CoV-2 /3% 3t Aol 4] ONTAFS] Nanopore NGS 7]7]2+ ARTIC
MinlON A S AF&5}10] SARS-CoV-2 -4 S 2415}

CASE REPORT

20201 6 gt ofah ol A SARS-CoV-2 B2 Bl HIQIF=2 & A& ARESHo, 2020
d 79 MinlON 2412 A|885}Q0ch. $HAk= U7 A1) 2.1, Allplex 2019-nCovV Assay (Seegene,
Seoul, Korea)ellA] /3 0. &2 375t o, Ct 32 E-7-3%}F 22.1, RARP 7402} 24.2, N 7342} 26 4
£ B3k

ARESH HAPH-E 2020 49 9 HFEE nCoV-2019 sequencing protocol v2 (Gunlt) V2= Y52
5H2.2.™, V3 primer setS AHE-51H Thihttps://www.protocols.io/view/ncov-2019-sequencing-protocol-
v2-bdp7iSm?version_waming=no). BA|0ll HA| 47} o], FLsH HA| 17§15 5719 barcode = BF
Eoto] A7|M Y 2AS RFYsIeI). 1HFsHA] 715, RNA 11 L2} random hexamer (50 uM)
1 UL, dNTP (10 mM) 1 ULE 655, 527FFHS-A]7] 2, SSIV buffer 4 UL, DTT (100 mM) 1 UL, RNase
Inhibitor 1 WL, reverse transcriptase 1 ULE- Z3}510] cDNAE- 2Hd5H3I T} PCR BH-8-2 Nanopore
protocol (ver. PTC_9096 v109 revEO6Feb2020)0l] twhe} 7]E AJ2kO & Ae8519] O, PCR tube 1, 2
of] cDNA 2.5 L, Hot Start High-Fidelity 2X master mix 12.5 uLE £33t %, V3 primer set 1 (11071
primer), set 2 (10871 primer)S- ZF2} 3.7 uLA] 2553 H distilled water (DW)E 7}t 25 pL= 2

-2 multiplex PCR A3 53T}

PCR YH3-E-5 end preparation, barcode ligation, bead purification 5-2- 2 A3t & DNA &= =7
S} adaptor ligation A]7] 2L, bead purification 52 & A A3t Fof] DNA Y-S 2H3:0] MinION flow
cellol] =45}

MinKNOW Z2 135 AJ3fsto] NGS AE 2 X35ttt ARTIC networkol|l A A8-6h=
RAMPART Z &2 132 A|gJsto] AAIRRe 2 A )= 2 {22} 2.9]9] read 5 SQI5H 0.1,
reference sequence= SARS-CoV-2 isolate Wuhan-Hu-1 (NC_045512.2)5 A}-8-51it}.

MinKNOW®|A] 20171 FASTS o2 Guppy 5= AH&-5}0 basecalling, read filtering= Al 343!
Z], ARTIC networkol| 4] A -85 = artic-ncov2019 T2 131 0 2 B A45lo] BAM TH-S- 151 Th

-

==l
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FA7IM D2 F722] variant £Q1-E 215l The National Center for Biotechnology Information (NCBI)
Genome Workbench (version 3.6.0) AF-&-510] 89F0 2 BASIATE
stLte] HAE A9 2 0 & 5719] barcode = 2+t X13Y5}1 31, RAMPART 2 AA|I7HO 2 =5

HA HAD 2F 300,0007] read S HHEE G100, EFEH7|ABNC_045512.2)0l mapping*e! read
4 277,250-414,7047H AT Artic-neov20192 48/d % BAM 1HY-Z NCBI Genome Workbench =
ABIA T, variantS SF0 2 W= 4 QI THFig. 1). F71M Y 2fol= BEYF7| Lol ois] 1
707} 32H] 9] O H(Table 1), ORFlab F-2]0il 4] T2651, F924, Y3884L, P4715L, L5462, Q6804L 5 671
R0, S -F72tol A D614G Hio], ORF3a F-21ollA] Q57H B1o], N -f--&tol| A p302 7} 2HE =3l oH,
5UTR} 3-UTROIA 22} 1702] §72F 471 M Q 2ol 7} =] et

Table 1. Genomic and amino acid changes of the SARS-CoV-2 positive specimen

Genomic change Amino acid change Gene/region
241C->T 5-UTR
1059C->T T2651 orflab
3037C->T F924 orflab
11916 C>T Y3884L orflab
14408 C>T P4715L orflab
16650 C>T L5462 orflab
20675 A>T Q6804L orflab
23403A->G D614G S
25563G->T Q57H orf3a
29179G->T P302 N
29779G->T 3-UTR

T D:NC_045512.2 (énahlcal Sequence View) [New Project (1)]

QO O|Q & @ @ @ | # |Find mode: [Match case o ] 48 | Assembly: [Asmeassaeva (acF 009858895.2) v

|23.390 23,400 [23.410 [23.420 |23.430

equence NC_045512.2: Severe acute respiratory syndrome coronavirus 2 isolate Wuhan-Hu-1, complete genome
6T TG6CTG6TTCTTTATCAGGATGTTAACTGCACAGAAGTCCCT
CAACGACAAGAAATAGTCCTACAATTGACGTGTCTTCAGGG GA
-Level 1, Subtracks: 2 on, 2 off

- Genes, 1 gene model shown
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Fig 1. Graphic sequence view of NCBI Genome Workbench for D614G variant in S gene. MinlON sequencer is known as a next-generation
sequencer with less accuracy, but it revealed sufficient accuracy for the mutation with amplicon-based approach. NCBI, The National Center for

Biotechnology Information
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AlZHtola]x gk HHYA| Hloja]x R 242 ofstrAtel Ho|g BHAY, 27
o] gt &l Solli Fo3dt eSSttt EARITHHAR oA AF8S= primertt probe”t -2t
&l F-2lol fo|7h 2 gskA, Bl AL, A x| EA 2] 2H-8-H-9]of ¥o) 7} HAoh= 74 2-E tiiH|st

R D7) M G4 o] E 851, whole genome sequencing (WGS) +410] 5-8-5H0H1,2,9]. A&
Z2hQl SARS-CoV-22] 7390l = Z7]of| Hio|2{A0] E4d& U7| ojf 3l o}, of2] 2 ®io|go]|
ufebA] A, of|E, HiAle] gt Fo] gebd 4= 9lo B g ofz{gh ool tigt o7} H a5t
th2l

MinlON NGS+ long-read sequencing 7| 7] ZA], Tllumina A+ short read sequencing 7]7]°]] B] 3l 7
S 7h gojzlckal g Lot amplification & FE-3F 422] read S HE5HA| W A& w0l &
A7F e Aoz A Qloi7). o] At o2 2 WA ERlE A Stz A ZA|7t
7] oF2 AJYoletA, Y AA|ol THE barcodeE 2014 F7IMES HHEA o2 FAEII L,
|QFto 2 7F7ko] BAM 1Hl-2 2Holstitt,

MinlON NGS= H] w4 Agke] A& %2 4= loj A, THENGS 71710l H]sh A o] Qlout,
PCR amplificationS primer 2007 ©]/4.0.2 AJg§aljof 3} NGS Alefo] A& B 2 EXof= &
7] 942 H]-go] A QFt} 3 NGS ZAR © 3t bioinformatics A~ ZE o} 2lA FH7o|,
Guppy, RAMBART 5-9] A&l thiel} 2|7} o stH = ufo] 424X E &9 Zh2 Graphic
User Interface 2731 %3t 49 Z7]0f| 0|22 4& 4= Ut} FA|9E ARTIC networkol] A&
224 1S B A 2G| 7] skl Jlof 71241 ARG S 261 A8 7155 Variant
£ W=3hs 372 ARTICOIA] HSH= Tablet®] 73-¢- HH-7] o12f2 7ol 1o NCBI Genome
WorkbenchS AH8-5H0] o] Z] QA variant ‘T ©] 7Hs-SFATHFig. 1). MinlON-2 A%Fe] A2 &
A7Fs e o] QAR H QA| thigke] A= % 2|g 4= Ut o A7-=20201 7ol 24
2 A1383810d nCoV-2019 sequencing protocol v2 (Gunlt) V22 AH8-5H3 2L, 20208 8% nCoV-2019
sequencing protocol v3 (LoCost) & Y5 A2kt A7 FH 7 =] o] 119570 HAIE AlE 4= =
T A AA = Bk Qi)

o] A7) A= 20201 622 SARS-CoV-2 real-time RT-PCRO|| YA}S HQl Z o0& FQ o]
2 57732k D614GeE N 7-7312k9] p3027F AEEI QLT o] #= f-eluElolAtt 2 AEE]

= PANGO lineage B.1497 (0] ol B.1.3.12 L& )et F5UdH 7520, o] lincage’= LA A]
2020 597 S HHAE o] %, Whijo] Z7tsto] 20211 190l HH] F322] 80%E 2FR|5Ha
SATH4, 6]. ©] 5= 20201 2 el o] ek Egellfio) SHER A =l Al 20204 23]
3% PANGO lineage BA12H= T2 Z-Fo| Tt

o

N-F2HE2J ol Q= G29179T HH o= o] At ’ASk= ¢IA] T CDC (Centers for Disease Control
and Prevention)2] PCR primer 5 2019-nCoV-N2-F £-9]o]] EhA5to] B BapzIckA|oFo] N 377}

A& 50l Y2 = 4= ATH11] (https:/primer-monitor.neb.com/ ; accessed 2021.6.23). ©] FA0]+=
S2|uztolA el QIR Fej, o] Azt dliak=, Fiuct, G=ollA e RlErt A 2)et
H7Elek
o] A17Lof| A= SARS-CoV-2 Y/ A 2 MinlONS: 0]-§-510] -4 2418 Z1e¥5}%] o,
Uetoll ] .2 22| %= B.1497 lincage 2 T2 = UUTE NGS 7]7] Abg-0] of 2 =
O] AAE 24 73-9- MinlON NGS 717 |+= SARS-CoV-2 -4 40| 5-838 71 0 &2 4§75ttt

o
T
P~ Ho
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9

2 = OlolistA A|HALE] Q] BRol2| A HY S ofslieh=
o g a5ttt f72F A7 LA 717191 MinlON (Oxford Nanopore Technologies, ONT, UK)E- ©]
&5t thefet S0l M = HARE T 4= Qlom, Al Rt Al o] AgHE /A dm| S AM A =
AJe 4= Qltt. o] AAtollAl= =] St Shatol| A E% SARS-CoV-22] 5314 492 MinlON
A7 IME BA 72 24T 20201 6 A22] SF chghg ol A SARS-CoV-2 ¥/d
S HI H[QIF== A SHEE MinlON 7]7]2F ARTIC nCoV-2019 sequencing protocol v25- ©|-&
Stof A 71X E 242 A5t ONT MinKNOW, RAMPART, Genome Workbench 5-2]
AT EQo}E ALES}o] Ho]gS #1511t SARS-CoV-2 EFY 7141 €9l Wuhan-Hu-1 isolate
(NC_045512.2)°] sl 2A15F At 11712] §-342} HHol7}F =91 O™, ORFlab F-2]0ilA] 671
(T2651, F924, Y3884L, P4715L, L5462, Q6804L), S Aol A 17H(D614G), ORF3a -2l 4] 17}
(Q57H), N -S4l A 171(P302), 5'-UTR 2+ 3'-UTROIIA] 22} 17)1%) ehate]Qich A 228 &
S -§AA] 2410 753t MinION 7]7]+= Hio| 2| A f3YA] B A Ado] gl oA 58351 719
O =M FAA ZA AR 4= S A o= Helrk

SARS-CoV-29] FAIA] ZA42 ZAFs)
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