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A0U10 Y91 : N1IAUNTS REAL-TIME QUANTITATIVE RT-PCRENMSUATIN
samesondidueduiluinvendelnda SARS-COV-2. ( DEVELOPMENT OF REAL-
TIME QUANTITATIVE RT-PCR FORSARS-COV-2 SUBGENOMIC RNA LEADER

DETECTION ) 8 9iUSnwndn : ai. um Ssz¥anl wuzqmn, o AUSnw s « we. uw,
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Tsngiilvallafalalsun 2019 (COVID-19) 1AnaInn1sAnde Severe Acute
Respiratory Syndrome Coronavirus 2 (SARS-CoV-2) Iﬁﬂﬁamﬁiaﬁuﬁdmmﬂﬂuéﬂu Ml
h¥aunsszumesnwiaidediuiilan nsnafiamuuasnsussdiulfaivanUdeside
(viral shedding) {WuszazauunatedUnn Jssieuddgsienisdosiuwazaiugunis
uninszevesde Fuluguassedonisudmsdanianisnisunnd saufedialdaeluns
SNy FITUNTSATITNY SARS-CoV-2 subgenomic RNA leader (sgRNA) Wudusuen
anuzvadhifaluszey active dewamisadindiould lunuidedldnsafan
seuzaIn1sUanuany SARS-CoV-2 sgRNA leader uaz genomic RNA (gRNA) 310
Megeszuunaiumgla 111 f7ee1s (YeefUe COVID-19 $1uau 10 518) feds real-
time quantitative RT-PCR (qRT-PCR) Nan131AasanuI1 E-sgRNA leader a13115091929
wulduuda 15 Yu uazasanvluioieniviunailada (viral load) 1nnd1 100,000
copies/ml (=1E+05 virus E gene copies/ml) luwaizdi oRNA Samsranuldunuds 24 u
uenNTEFUNUTTI2E COVID-19 $1uau 2 Tu 10 118 7 E-sgRNA leader Usingéadn
pdmdranfinmaliwundnung 2 fu s 8 fu femniidionnudaende Jauusiilv
fhedniviensndogieden 14 Sundsnnldfuounnelindutiu ddumsusadu e

sgRNA leader uszleinonisinununissnwghelsafaielida COVID-19
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# # 6174080130 : MAJOR MEDICAL SCIENCES

KEYWORD:  COVID-19, SARS-CoV-2 sgRNA leader, gRT-PCR
Sininat Petcharat : DEVELOPMENT OF REAL-TIME QUANTITATIVE RT-PCR
FORSARS-COV-2 SUBGENOMIC RNA LEADER DETECTION . Advisor: Prof.
THIRAVAT HEMACHUDHA, M.D. Co-advisor: Asst. Prof. OPASS PUTCHAROEN,
M.D., Supaporn Wacharapluesadee, Ph.D.

Background: Duration of severe acute respiratory syndrome coronavirus-2
(SARS-CoV-2) shedding is important for infection control. The presence of SARS-
CoV-2 subgenomic RNA (sgRNA) leader indicates that the virus is replicative. This
study examined the shedding duration of SARS-CoV-2 sgRNA leader and genomic
RNA (¢RNA) in diverse respiratory specimens. Methods: One hundred and eleven
respiratory specimens collected sequentially from 10 COVID-19 patients with real-
time RT-PCR SARS-CoV-2 orflab gene confirmed positive admitted to King
Chulalongkorn Memorial Hospital were examined for SARS-CoV-2 E sgRNA leader
and E ¢RNA by using quantitative real-time RT-PCR (qRT-PCR). The specimens were
collected from the first day of admission until the time of orflab real-time RT-PCR
negative of at least 2-4 consecutive days. Results: E sgRNA leader could only be
detectable in specimens with >1E+05 virus E gene copies per ml within the first 15
days after hospitalization. SARS-CoV-2 sgRNA leader was undetectable from one to
15 days earlier than that of gRNA in all patients. Reshedding of sgRNA was evident
in 2 cases, both on a single occasion after being undetectable for 2-8
days. Conclusion: Assessment for the presence of seRNA leader may be useful for

therapeutic planning.
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nsssvnvedtolisalalsuiateiugivi 2019 v3a Coronavirus Disease 2019

(COVID-19) ulspaURtva MVl ANAUALATERUNLAZENNANTENUNINUAIS T UTDT
Uszrnsluranesuszineialan  FaununsinelazszeziatlunsindauienisUesiunis
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vodlsAiawalifa  COVID-19  aglditmansravansiugnisuvendolada  SARS-Cov-2
Inen3991nAedensIagansesaniseudelanuugin N uieg 19dInTI991NSEUUNNLAL
melagauuu (upper respiratory tract) LU nasopharyngeal swab, oral pharyngeal swab
way/vie szuumaAumeladiuans (lower respiratory tract) 1@ sputum, broncho

.qyd < a 1 [V [y =

alveolar lavage uenANUABALALRINTTRIRTUAENTIRATUAY [1] 590010539
Anmunistanddesidelisa (viral shedding) 2109113388 Ania Wajnberg Lazauzlavin
nMInTIamasa SARS-CoV-2 21nA19819 nasopharyngeal swab 78738 rRT-PCR &siinis
ATV follow up LIWBNITINEY WUINUTZAUU 19% WNan15ATI8UTU A875 rRT-PCR WU
A13UENTINTRLTRlIUER 42 TunaasudioInis (why 20 W) wasuuan 28 Junaans
Y] )~ aX 1Y N o Mo AR v a a & A | -
SnwilloMsfitundy (ade 12 u) wildawnsavenlaidiiedulinnsinesgveld vise
araduiiesnsnsaanuusduesansiugnssulisanaeglusenme [2] wasanideves
Yongjian Wu tazatg ns298udulisa SARS-CoV-2 meds rRT-PCR Tusieg1essuunianu
wela waziieg19gInsyvestielsafindiolisa COVID-19 leeifivdegnmn 9 1-2 Ju
FoyamariuanidliiiuiinisuanUaeslisa (virus shedding) n19gsuluiaiuiuiian
Wou 5 dUavi (10w 11.2 1) wdInidlegessuumaiumelansiagudunieds rRT-
PCR Liwuidouay e13aziiludnisinsiesinumia fecal-oral transmission 1o usdsun
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fRndodnlvgjannsansianuasiugnssy RNA vesla¥aldfe 10 Tundadufionis uwien
asranulauuds 37 u [5-8] sgalsimunisnsianuansiiugnssy RNA vadhisaninaisdn
vdsszuumadumelalilduiindhfaivinldandeld dnsAnwmuiudesnsenuliun
1% (viral RNA) Tnnndn 3 §Unik usianansamnzdolhdatuliiiies 8 Yuusnudnisin
o 19, 10] dewndenisemeunsesnuiiineneuazmimmunithdariddesesenundy
annsafnseunsdelaviel aneiseves Wolfel waranldds RT-PCR msadamy
subgenomic mMRNA  @stsuenihdaiimsiusiunlumadiande  Tnonsaaduduan
f0819 Throat swab Wan13AN®IRSIANU subgenomic MRNA Tusaeens Throat swab
Tuta 5 Juusnudasuiiennts wanslidiuinusnamadiumelediuuu (upper respiratory
tract) iluflegendouazifiuduiulaia COVID-19 [10] wazaddeves Aleksandra wazane
1435 RT-PCR #979fnm1u subgenomicn mRNA  1AgATINEBUANILANLNTOT8INTTLAY
smaulada covip-19 luwadmnzdssiin human respiratory epithelium (HAE) wa
A1ANEIATIINY subgenomic mMRNA Sruaunnluwad HAE ifaude duildiniseded
150599 subgenomic MRNA Lundnguiuandliiiuinhdadnmafivdnouluwadise

9D [11]

1%
o o

Fhoumimdfeiiajsinuiinmnainnsinengiineiiiehuunaniugves
olhSaszming active viral replication (subgenomic RNA leader) AU inactive viral
replication (genomic RNA) AILIS quantitative real-time Reverse Transcription PCR
(real-time gRT-PCR) WUy monoplex Usznausienisnsiam genomic RNA fisumiady
Envelope (E) wagn135¢53a%1 subgenomic RNA leader fisumiiadiu 5° UTR leader siafu
U Envelope (F) ﬁaﬂmsaLﬁuﬂ%mmmiﬁuﬁqﬂsimwaiél’ﬁﬂnzqmmﬁLﬁmﬁ’u WAZATIAIN
Usinalh¥a (viral load) lémdeuty FsnsesraaeulidadeUSina awnsolddnadenng
nziUToufioudal3unasening cenomic RNA U subgenomic RNA leader e

lldnaununsshwigtaelsaiadelifa COVID-19 laagaiuszaniam

AN0UVBINTTIY

1. subgenomic RNA leader anansadiasizsinmsifindiuanlialushodisiiaelsa
fnudela¥a COVID-19 léalal

2. @1130M599 subgenomic RNA leader L%QU'%mu‘Luéhasm;E‘L'Jwiiﬂaw,%ah%’a

COVID-19 1agla35 real-time qRT-PCR lousolil
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1. subgenomic RNA leader anansadiasizsinmsiiindiuanlialusodisiiaelsn
Anidelada COVID-19

2. 23 real-time gRT-PCR @131509152a11 subgenomic RNA leader 1@sUunadlu
fhegsaelsnfinidiolada COVID-19
19 UIz89AYIN1SIY

1. Wiesuunaouzveshi¥asening active viral replication (subgenomic RNA
leader) AU inactive viral replication (genomic RNA) Iuﬁaaéﬂﬂﬁﬂaaiiﬂﬁmﬁdb%’a COVID-
19

2. \fieWau3s real-time gRT-PCR d@93UA32a% subgenomic RNA leader 139

Usunaluiegrethelsafnwelisa COVID-19

JainvaIN15ITY
\H9nUSuInsueansiugnIsuEdIwILIARdliaunsavinn1snaesvis evinnig

naapufinAnluvsELAdaInsAne waviegsiltluntsAnwiagieafiuwuy Follow up

Uselawiifiaainaglauainmsive

1. YnsITIATIeY real-time qRT-PCR ildanntu anunsathluldsuunaniug
Th¥asening active viral replication (subgenomic RNA leader) AU inactive viral
replication (genomic RNA) Wigldinsrafnmumsinuiftaslsnfiaidolaa COVID-19

2. ﬁmuﬁLwﬂﬁﬂwwqa%%aiwawLﬁaaﬁuaquiﬁmmgmmimwL%@iﬁﬁ
(viral culture) Wdlunsasramhalusserinie (infective virus) @3138518M15HANS
ATITATIALMSIND

3. narUARURsTRULILNYIR 1 atu Tneffiuilunsansiiestuiubhyaivet vie

(% a 1 I 4
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COVID-19
SARS-CoV-2
RNA

ORF

NPS

TS

NT

SP

NS

NST

ETA

Ct

pL

ml

BSL3

BLAST

Real time gRT-PCR

rRT-PCR

ICTV

AEARY

Coronavirus Disease 2019

Severe Respiratory Syndrome Coronavirus-2
Ribonucleic acid

Open Reading Frame

Nasopharyngeal swab

Throat swab

Nasopharyngeal swab + Throat swab
Sputum

Nasal swab

Nasal swab + Throat swab

Endotracheal Aspirate

Cycle threshold

Microliter

Milliliter

Biosafety Level 3

Basic Local Alignment Search Tool

Real time quantitative reverse transcription
polymerase chain reaction

Real time reverse transcription
polymerase chain reaction

International Committee on Taxonomy of

Viruses

SARS-CoV-2, COVID-19, Real time gRT-PCR, Discontinuous RNA dependent RNA

synthesis, subgenomic RNA leader
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fvgreszuumeameiiumela loun Nasopharyngeal swab + throat swabs (NT), Nasal swab +

throat swabs (NST), Sputum (SP) lLag Endotracheal aspirate (ETA)

MIIATIZNAILID real-time gRT-PCR

MTI9IATIZY genomic RNA fediu

W (E)

M3IATIEN subgenomic RNA leader

seduvune (5’UTR leader + E)

NAFDUMAN I INUZAUAIMTUNITNTINIATIZIAILID real-time qRT-PCR

NAABUUTEEANSAINNITNTIAIATIEY genomic RNA Lag subgenomic RNA leader

P85 real time gRT-PCR

nagaua1ull (Sensitivity)
1. "1 Limit of detection (LOD)
2. ANuiuA standard curve

Wo9198sn1IMUsIalasa (copies/ml)

NAFDUANINNIE (Specificity)

genomic RNA 8198991nASNUNILITIANTSH [30]
subgenomic RNA leader nagoulagnisnonsia
fiugnssuTUsENeUMEdILYDY Leader sequence
(TRS) wag SARS CoV-2 genome
dlothludemerismelusunsy BLAST azld identity

score > 98 % with SARS CoV-2 genome

nagauUdszansn i (Performance evaluation)
naaeuiumegegthelsafnelisa COVID-19

o 4:1' @ Y] 1 d’
371UIU 10 978 NNUNIBYNLLUU Follow up LW
A55NW kazNIIUNaNISRIIEudulIsa COVID-19
se81 ORFlab et lUiUSeuiisunan1snsIa
ATz E- genomic RNA wag E- subgenomic

RNA leader

n15ATIeidaya (Data analysis)
NATUNLUALTUNITANAIVDY genomic RNA

waznN15nI9bINY subgenomic RNA leader
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Tafanenvaslifalalsunanawuglna 2019

TsaRnidolalalsunanewuslyal 2019 w3e Coronavirus Disease 2019 (COVID-19)
Lﬁmﬂﬂﬂ’liam%ai’ﬁa severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
fudulsalalsuindl 7 fidelseluau Tedsunsssualuilon a el deyadidu
ndlelndvosmeiluniuenldnmirdronvesginelsafnidolalalsuaeiuglnl
2019 ¢85 Next generation metagenomic RNA sequencing WUNHUVUAI T ULUTEI
29,003 fmdlolnd wanfledesganeduiusidaiiaunis Tnensade phylogenetic
tree nudrdimnalndiRssiuidelungulifausaludnian (Bat SARS-ike coronavirus)
UsvanauSesay 88, haSawnsaluau (SARS-CoV) Usvanausewar 79 wazlisa@ MERS-CoV
Ussannferay 50 dvduldaiiaifsgninedlundgy  Betacoronavirus  (lineage  B)
dudeafudehfansaluey (12, 13] hifalelswmeiusnd 2019 gndneglu
Coronaviridae Family fanedluandu (+) ssRNA Usznaumie 5’-cap wag 3’-poly-A-tail ¥
TWanunsainns transcription a8ty host 1 nazdlassad1edlundauiadu 2 Tu 3 disy
neulate 5 vedlassadnsusznouse 2 open reading frame (ORF) vu1nlug) (ORFla
way ORF1b) vhwthillunisade non-structural protein (nsp) 16 wla (nspl-16) il
oA dueulnl replication viwthillAgafunisasns RNA anglvl waznisiiiuduy
hifaluwadiinnde Fsuinniideyainailolndluunndstuinnin (conserved region)
annsathluldlunisdangalhiald wazdn 1 Tu 3 dwitegmaduvane 3 siwrhitaia
TUsAulaseasneman (structural protein) fog 4 vlialawn 1UsAu spike (S), membrane (M),
envelope (E) kaz nucleocapsid (N) wuldlulasalalsuinnanesiug [14, 15]

MININUTENDU 1 WarmITIe 1

Q SDIOO 10900 ’ISQOO 20900 25000 29903
L ‘ ORF1a ORF1b 35 EM % 18 E:[ 3' UTR
p 1 AT
TRS-L TRS-B TRS-B
? Sm AAAAA,
3am AAAAA,
== mm= ABAAA,
e Me AAAAA,
6 E= AAAAA
7am AAAAA,
7bm= ABAAA
8m ABAAA.
ON®m ABARA.
10(7)mm  AvAsA

AmUsEnaU 1 lnegunsuuans whole genome v09l58 SARS-CoV-2

waglasasseunialia
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vadhialalsuaneiuglva 2019

o/

NN

RNA TUshu YUIA
Segment Tushu
1 Spike (S) S1 binds to the host’s receptor hACE2, ~1273
(ORF2) S2 mediates viral and host membrane fusion. a.a.
2 Nucleocapsid | Nucleocapsid binds viral genomic RNA. Involved in ~019 a.a.
(N) (ORF9a) | genome protection, viral RNA replication, and virion
assembly.
3 Membrane | Membrane/matrix protein is the most abundant ~222 a.a.
(M) (ORF5) | structural component of the virion, and very
conserved.
a4 Envelope Envelope is a single-pass type Il membrane protein ~75 a.a.
(E) (ORF4) involved in viral assembly, budding, and
pathogenesis.
5 Nonstructural | Inhibits host translation leading to host mRNA ~180 a.a.
protein 1 degradation through cleavage near their 5’UTRs.
Promotes viral gene expression and immunoevasion
in part by interfering with interferon-mediated
signaling.
6 Nonstructural | Interacts with host factors prohibitin 1-2 which are ~638 a.a.
protein 2 involved in many cellular processes including
mitochondrial biogenesis.
7 Nonstructural | processes the viral polyprotein to release nspl, nsp2, | ~1945
protein 3 and nsp3 a.a.
8 Nonstructural | Required for viral replication by inducing (with nsp3) | ~500 a.a.
protein 4 assembly and double-membrane cytoplasmic
vesicles.
9 Nonstructural | Cleaves at 11 sites in the polyprotein to release ~306 a.a.
protein 5 nspd-nspl6. It is also responsible for nsp maturation.




RNA Tushiu il YU
Segment TUshu
10 Nonstructural | Double-membrane vesicles in infected cells. It also ~290 a.a.
protein 6 limits attophagosome expansion and interferes with
autophagosome delivery of viral factors to
lysosomes for destruction.
11 Nonstructural | As a cofactor for the RNA-dependent RNA ~83 a.a.
protein 7 polymerase nsp12 May have processivity or
RNA primase function.
12 Nonstructural | As a cofactor for the RNA-dependent RNA ~198 a.a.
protein 8 polymerase nsp12 Mutation of nsp8 is impacted
RNA synthesis.
13 Nonstructural | Functions in viral replication as a dimeric ssRNA- ~113 a.a.
protein 9 binding protein.
14 Nonstructural | To stimulate activities in the formation of the viral ~139 a.a.
protein 10 | mMRNA capping machinery.
15 Nonstructural | nsp 11 is a ppla cleavage product at the nsp10/11 ~13-23
protein 11 | boundary. For pplab, it is a frameshift product that a.a.
becomes the N-terminal of nsp12.
16 Nonstructural | nsp12 is the RNA-dependent RNA polymerase (RdRp) | ~932 a.a.
protein 12 | performing both replication and transcription of the
viral genome.
17 Nonstructural | Working with nsp12 in viral genome replication, ~601 a.a.
protein 13 | Involved in viral mRNA capping, and associates with
nucleoprotein in membranous complexes.
18 Nonstructural | Proofreading during RNA replicationand ~527 a.a.
protein 14 | Viral mRNA capping
19 Nonstructural | Endoribonuclease that favors cleavage of ~346 a.a.

protein 15

RNA at the 3’-ends




RNA Tushiu Wi YUIA
Segment TUshu
20 Nonstructural | Viral mRNA capping. It may also work against host ~298 a.a.

protein 16 | cell antiviral sensors.

21 ORF3a May be involved in viral release. Importantly, it also ~275 a.a.
activates both NF-kB and NLRP3 inflammasome and
contributes to the generation of cytokine storm.

22 ORF3b ORF3b suppresses IFN induction ~22 a.a.

23 ORF6 ORF6 is considered to be one of the important ~61 a.a.
virulent factors for SARS-CoV.

24 ORF7a ORF7a interacts with S, M, E, and ORF3a ~121 a.a.
in SARS-CoV-2

25 ORF7b Involved in human infectivity of SARS-CoV-2 ~43 a.a.

26 ORF8 Might be a luminal ER membrane-associated protein. | ~121 a.a.
It may trigger ATF6 activation and affect the
unfolded protein response (UPR).

27 ORF9b ORF9b is coded for in an alternative ORF ~97 a.a.
within the N gene

28 ORF9c Involvement in lipid remodeling and the ER stress ~70 a.a.
response.

29 ORF10 Interacts with factors in the CUL2 RING E3 ligase ~38 a.a.

complex and thus may modulate ubiquitination.

[Lma'flﬁm: A review of the SARS-CoV-2 (COVID-19) genome and proteome.]

TUshudrunlalalaseasns (nsp) 16 wiia laun
Non-structural protein 1 (nsp1): TWsAusnsnyiwmiidugugaanfadelilings
TUsfuvadleas  windnlusiuveshsauny  vnliwadlaan lanuisasiusitlusaunazun

sosulifala wagvharessuugiauiuueduly

q

(% LY

Non-structural protein 2 (nsp2): yhwthuduiusiuiadland wazinetesiu

NSLUIUNITES19EN5TINNYBY mitochondrial
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Non-structural protein 3 (nsp3):  (JulusAurualvayiwinilunisdnlusiuviou
nspl, nsp2 wag nsp3 Wvgeeanainiu Livesanujuanisauninnianizvesusasviou

v o v o

sy wardoimiivasuuadusiiudug veavadiinndollihnuduung sedgrady
Tuwadiiunfasiinshinedemune (tag) UuiﬂﬁawuaaL%aéﬁmmmawaﬁaﬁwmsﬁa We nsp3
awvhwihlauedemsnewaitdusenty ililusiureasadidesanssauslunsdediulafa
anag

Non-structural protein 4 (nspd):  vheusauAulusiudu 9 Tunisadiaesia
Yo (vesicles) agnelueadfiinido Fezlfiduivensiug (viral replication) lh¥ad
Twaiguan

Non-structural protein 5 (nsp5): Wsawteuilvimihiflunsialusiusion nsp4 -
nsp16 lvgneanainiu

Non-structural protein 6 (nsp6):  vhnthdilunisudnnes (vesicles) wieldlunis
YYIIUG

Non-structural protein 7 (nsp7) w8z non-structural protein 8 (nsp8): TUsAUEDY
viouilthe nsp12 lumsdunsizd RNA

v

Non-structural protein 9 (nsp9): ﬁmﬁﬂmumsﬁmaaﬂ%’mwuq (viral replication)
Th%aslmitun wasimihfnzdondn 4 Wilvludundoavensadinnde

Non-structural protein 10 (nsp10): InsUnfwadlendezilusiuiingadu RNA vas
Th¥auasiinisdedyqnouilonsiany wi nspl0 2zvhaiusaudu nspl6 Tunnswsnads il
h¥alignmsraduuazlsignyhanels uazvimihilunisnszduains mRNA veshia

Non-structural protein 11 (nsp11): TUsiueuiivhaus i nsp12 Tunisasng
frameshift Tunszuauns viral replication

Non-structural protein 12 (nsp12): WsRuvieutivhmdhillunsdnasnsiarugnssy
el ldhSasivdviedluy

Non-structural protein 13 (nsp13): lasun@ RNA azegluaninundnduindes
nsp13 vimihilduseaneindes RNA Tignoon tielianusas uuazdnasnsiaiugnysy

Non-structural protein 14 (nsp14): vugfl nspl2 MawinsAnaenIRERugnIsY
fioas1a RNA galval e1afinAuEanaInlun1sAnaanta nspld %V‘imﬁwﬁtﬂwﬂwﬁqaﬂ

[

doya  TreEnTITUIINISARaeNgnABItell  wnasanuIaianatn  (Yeyalinsaiy

Y

suadu) nsp1d sgnsadnludndiuiiianaineen e liansadnenteyaignieunsieuny
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Non-structural protein 15 (nsp15): viwthilunisvitatesin RNA  voelasadn
pauvae wWislilinalnnsdesiulSaveswadnineaniwaztnuiyvinasle
Non-structural protein 16 (nsp16): ¥119usmAY nsp10 Tuniswsremalalilusaiu

999988 L391U RNA va3hsanandnuinaela

wananlusiiv ORF 3slallelusfiudrlaseadrsveshisands SullusiufiSondn Accessory
Protein 719 q Fadunhedsunmsinuiignasiatundufululada SARS-Cov-2 iletas
Tinevhanuldauysaiiu Accessory Protein wianil léun

ORF3a: vhwihillonzguubeyinwad Wielilianauniesnsn sihlsildaunsiius

v [

solle wenantuduiliwadiinnsdniau Fadudunsesernifaielisa SARS-Cov-2

[ ]
LYY =

ORF3b: yNutnfgugan1ste1iiueaseuu IFN

1%
=

ORF6: vhmihfisndudyanaiidsnnisadinndeludssuundduiulailiiug uasds
Janisiussuutesiunigluwasdladnme

ORF7a: v‘imﬁwﬁﬂﬁé’mﬁ’uéﬁ’u ORF3a wazlusAulasaasne S, M way E

ORF7b:  wausiili¥ansneunauniioonuenwas  wasassnaulasaselusaud
3un tetherin ORF7b viwihfidanisdsandes tetherin vililsaionialunisvauni
ponuanwadléunndy wenainil ORF7b ¥hliRanisianeseweswadianite dudu
A ivililanvesfndeidomeognesuuss

ORF8: yhutifisuniunszuiunisasslusiuues ER vliAn ATF6 activation uaz
unfolded protein response

ORF9b: yiwithiiufauiuslusiulassais N

ORF9c: y1l4iLAn ER stress

ORF10: yvinidueulasigasaanslushu

uanaNi SARS-Cov-2 Saillusiuiiludulassadrevashada (structural protein) liun
Spike protein (9): VrwihildununuuuRavediada ﬁgﬂ'ﬁ'wqﬁmmsmﬁamﬁﬁu
Wsfufidenin ACE2 Wlihdaanunsadaniefuwaduazsianadnivluwadlandls
Envelope protein (E): Iﬂsﬁuﬁauﬁﬁwlﬂﬁmamﬁuiﬂiﬁulwzjaéﬁmﬁwﬁmu@mmi
Wa/Aamsvhnuvesdunyd Ssenavinlviuiimadsundassihauld ialseluiian
Membrane protein (M): Wudulszneuvhmihiiludevunisusnuedlida SARS-
CoV-2
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Nucleocapsid protein (N): ¥iutifiuntes RNA wazdieasuauudauwsalimin RNA

TnglusAu N agitiounaiuiusou 9 RNA 1ld

nsiiiuduuvadlfalalsunatewuglval 2019

nalnmsfndeuazmaifiusiunuvedhfalalsuaeiusly 2019 Weanl¥adig
waatthune ey spike protein 9UAU human angiotensin converting enzyme 2 (hACE-
2) receptor musnnluwadidoyiinven Wel¥atungneluwdudiazendonisviauues
woules] protease ViliuAenviuliauazierueaduesnunauiu  (fusion) tnlugnis
Uanuaeeansiugnssy (+) ssRNA wainnseuiunsikuasiia (translation) 1Usauvila non-
structural protein (ORF1a Wag ORF1b) Laztinnszuiu replication 9711115%1197U989 RNA
dependent RNA polymerase (RdRp) : nsp12 vlisn15a319 minus-strand genomic RNA
Juualuuuvesnisadns plus-strand genomic RNA vashisadilud drunisadrslusiuailn
structural  protein  Hulusfuiilialiuszneuliuoymealbafianusaifugnasianain
subgenomic mRNAs  @dhidalungulalsunaviinuandivszddn Ao Lidaiinsnonsiia
WugnssuAduteu (nested transcription) EuduaInMslddmwes genomic RNA 1Tu
WUWUUYBINITA31S minus-strand subgenomic MRNAs Fusnrou Mntldduusduuuves
n13a379 plus-strand subgenomic mMRNAs ¥ilmAnn1aeasiaaIn 3’ -terminal WoxN1La
fu  TRS-B  sequence  hlnisnensianugnssudiulUdelils  Fsendenaln
Discontinuous RNA dependent RNA synthesis [paanusgnay 2] AuANnIsnansid
wugnssulvadulusiels Inunsnsglantia (switching) Wdsaumin 57 leader sequence

98381 ORF vlWiléidam TRS-L 5 leader sequence siaffudiu TRS-B sequence 7ot

Y

v |

aunihusiaylusiulaseadie (structural protein) vilvilAnn1snonsiaNusNSIH RNA g
gu‘] fi3n1 subgenomic MRNAs MnuLAazaeves subgenomic MRNAs vuti7iwa
FaNugnssu (translation) WulusAulaseadia (S, E, M, N) wazlusfiuadu (orf3a, orf3b,
orf6, orfra, orf7b, orf8, orfob, orfoc, orf10) Lﬁaﬂizﬂauéwf‘ﬁ’uﬁlﬁﬂuaymﬂh%’aﬁamgﬁ
1P91@N1591191UU88  rough  endoplasmic  reticulum  waz/¥30  Golgi complex

membrane anvinglifaazendunis budding senduenisadiveluineluwadausely [16]
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ORF1a ORF1b S 3a3b M N 7 3UR

- R E—
TRS-L TRS-B

amUszneu 2 lnegunsuuansnaln Discontinuous RNA dependent RNA synthesis

msaunulsalalsunnnalsaluan (Human coronavirus-HCoV)
Juaakaiiseanunsaunulsalalsuninelsaluay  (Human  coronavirus-HCoV)

AsasNly A.A. 1960 Aunseidealagiu @ a.a. 2019) Insdunubifalalsusunsvan 7

v & A 1

anenug Usenoume 4 anesiug Vinelsaligunse lowA HCoV-229E, HCoV-0C43, HCoV-
NL63 wag HCoV-HKU1 wagdn 2 aneviug Ainelsagunss leun a¥aenda (Severe acute
respiratory syndrome coronavirus: SARS-CoV) Waz hialesa (Middle East respiratory
syndrome coronavirus: MERS-CoV) dsiisnasmilumsaunulsalalsuiinelsaluay f
Tu aa 1960-1970 issaumsaunulidalalsuniinelsaluay lédud HCoV-229E uay
HCoV-0C43 1fu 2 aeiufusn dnnelsafadioszuumadumeladuuudiliuuse wu
ldninsssumn

Tu A 2000 dnsseuiavethafanisa (SARS-CoV) nmaua1swesidy tnulidavila
dilRAnlsanusuLssiiinnemeladnsndies haensaldundssuinluialan
ogTInindu pandemic Tnefiffindegdia 8,000 118 uasiSnsmanieisiosas 10

Ty aA. 2004-2005 Asrenunisaunuhidalalsugl@lvg 2 anesus Ae HCoV-
NL63 waw HCOV-HKU1 muddu daduaumpuesnsinidelussuumaiumeladiuuy
wazdIuaNs 1 viaenaudnau uwaslendniau il

Ty aA. 2012 dnsszuinveshialslawaneiugivg 2012 (MERS-CoV) luuseine
uausztusennany  derelmAslsavenuinguusailudgnmemelaginideundu Tsaild

L a aa = v
@@37ﬂ’]§LﬁEJ%’JG]§\10Q3EJEJﬁ$3O
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Ty ad. 2019 dmsssuiavedhialslauateiuglug 2019 (SARS-Cov-2) luiles
geu vamayle ms1sasFUsETLIu FanelsavsnuamanansavlfiAnszuumela
Guwanld defudl 11 funen Wulifieadu msesdnisewndiolan Iduszmelsafnidolasa
COVID-19 fiszalvgiiu pandemic SwaufithouasideTinfutuiusuaunnegs

599157 Tomsnisdedinannlsalseunadosas 4.6 [17] [Fanmusenau 3]

1985
Spike protein
cleavage site

SARS-CoV
W

@ ==m

1980
First international
CoV symposium Wurzburg

0C43
229E

1960-1970

2000
First CoV
reverse genetics

HKU1
NL63

1982 1991 \ (2005

Nested mRNAs MHV receptor identified |Bat CoVs
* MHV model ‘
* Animal viruses | \ o
- Vaccines

AmUszneu 3 lnegunsuuansszagainisrunulisalalsuaeiugsng o inslsaluau

nsInTuUNkaENIINateNugvadladalalsun
hifalalsuivanenguiiannsofndeliiluiivesey  Feanunsoudshdalelsun

oon 1Du 4 3ifa e 1ICTV Sl

1) Genus Alphacoronavirus Wiilvaneldludaiuazau léun HCOV-NL63 uay HCoV-229€

2) Genus Betacoronavirus ﬁﬂlﬁaﬂL%alﬂuﬁmeLazﬂu TouA HCoV-0C43, HCoV-HKU1,

SARS-CoV, MERS-CoV g SARS-CoV-2 (human coronavirus) fifalsiiialsa COVID-19

3) Genus Gammacoronavirus YlsAael#ludn 1iud avian coronaviruses

4) Genus Deltacoronavirus slsinideldludniesslifinenunsindeluay
Ingladaaneiug HCoV-NL63, HCoV-229E, HCoV-OC43, HCoV-HKU1 wiulasalals

wnguiidelsaluau vhlidernsvesszuumadumelaiilisuuss wasindnisadouuls)

flonms duhialalsundinelsasuusdupuidrual@dunandnd wu SARS-CoV, MERS-CoV

wag SARS-CoV-2 WJubsalalsundansiugnasudu RNA Fsfillonmananeiiugas wavaiunse

Aamsindetuadfdldunniuluanuiidn fivardineg mufuoghamuiy Beh¥dlu

genus Alphacoronavirus k@ genus Betacoronavirus SUSTNUJw3iu Aa A19A7
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dli¥alu genus Gammacoronavirus Wag genus Deltacoronavirus fussnysusiaiu s

yn [18] [Fanwdsenau 4]

Inter-spacies Transmission In Humans

1 E‘: ! &- Alphacoronavirus
Hw i - I‘_ Lineage B, C, D

: Betacoronavirus

transmission

Intra-spacies
transmissbon ' .

g |
e N _’*»?ﬁ” H

Coronavirus

Lineage A

\ ‘ < ) »! ? | Gammacoronavirus
)‘”ﬂ ? I Deltacoronavirus

AUsENoU 4 leeginsuuwanin1sindiwunuaznisnateiuguendelisalalsn

n1sszuinvadlafalslawianenuglug 2019

= a

faufguinhfaevviundsiuiudinmnandsanuaznareiudidesudad
snansnaneduliSaaneiuglvaifidelsalualuian  Sstagtudunisunsseninseugay
Fundn mneuddenounthilavinsanuiisums S protein ¥4l25@ SARS-CoV-2 WU
fmnuannsalun1siuiu hACE2 receptor 1@fAnan S protein 989 SARS-CoV-1 andie 10-
20 i Fuandlifiiiudn SARS-Cov-2 fanuanunsadanmuainaugauliiendy Sadmaliia
NITLUINRUVININND dagaruaulaennndn [19]
Folhdaviindaunsafnderumadumelasavarsdands o1y nsle aw 9ed
avoawoy (droplet) ‘fiumﬂ thane LLazLawzmaqﬂaméﬁy@ yenamsduiadosivuiion
o ﬁ'}Ls‘??aliJLﬁé’I'@i'Nmaw wn 1n uwazidoym uenanilh¥adsanunsofaderiunig
fecal-oral transmission I a1niidenansy aturnsesetudilsafndolda CovID-
19 Tussdavdwmudising o vessemedtd asawudely sputum Sewaz 97.9,
nasopharyngeal swab S8t/8¥ 88.6, throat swab $98ag 60, oral swab Se8ag 46.7, serum
¥ouay 12.3, stool Sevay 70.8, rectal swab Yosay 17.4, uag urine liwuide [20] doundl
suiEtaelsn COVID-19 n3ranuidelu conjunctival swab Josay 1.1 [21]
deldsudoiingsrneiszesilndvedsneglutag 2-14 u wivedd 5.2 Fu u

wianaliUleliuanseinisvedlsaviseaglusseilndianansauwnsiwel$alaiugouls uas

Y

o

Induialsadesindd 14 Tu Fadulumunuidunisnsiamusunalagaain throat swab
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uay nasal swab vasthefiaelifa COVID-19 dhuiu 18 518 wuhilfUiefne 1 5189
Liuansenisvadlsa uwinsianuidvsunabifaguing dudlledngediuanteinis 8n 17
518 Yadudiinasiefneiilinanianis 819astuegiuguaImueEifnde Yaan1aniie
Lsadndsnanie wu mnidiguenlaenss nsayn wazn1adin asiibiialsaianingelsa
Wngmatioyn  viseUfisemeBuyuvesEniawelinaiansidaie  warn1sdniauvinl
\Nne1n1svedlse [4]

(% aa 4 Yo v ! av v 4 ! a IS

dnwaransmseainiinulavey lawn 19 lowis sewwdes lefiiauve mela
aun Uandllesndnuiile 3ee19ilennsou q sy Wi Wure Uinfsuy visevieads
[ e yg.Jl 1! 1 = :.’I a aa v dy Y I
Jusiu anusuussvedsanuldnudlivansoinisauddliennissunsstude®in dell gued
91N1stiey nufesaz 80.9 Wn1ssnwimuenis waganunsavmelaies duielienniswingn
Jandniau meladuin wudesas 13.8 fUielenstwingd welaquvan wuseway 4.7
waUiededin wusevar 4.6 AddyANTULTelsa 91atusdiuUTInalSanlasun
gszuumaiiumely Yadenesamevesiaide 1w guain lsausedn Uisenieduyu

wagn1sguasnwdiaedefae Wusu [22, 23]

aunisvadlafalslaunanewugiva 2019

MaAsuuUassaiugnssy (mutation) WuSessssuvdvedhia usfmeonnauda
anziadhiiansenaifenmsontluvaiianaelflusas i uodlused  Geesing
nha%a RNA siaduiildioulesl RNA dependent RNA polymerase (RdRp) wileur welyl
il proof reading activity Lﬁ‘jaﬂf\]’m coronavirus JAlUsAY npsld %ﬂﬁ exonuclease @11138
wiluafinanainainnisyiauveaeulesl RdRp 161 (Minskaia E, et al. Proc Natl Acad Sci
USA. 2006; 103:5108-13) msenwmsiasuwdasveshda dnlsainenaunsasiwun
SARS-CoV-2 eenidu clade doy 9 laweduszuu Global Initiative on sharing all
influenza data (GISAID) tiedainagnisiasuutaswonuauuilunveshiafiouiuaeius
Sudfufie Wuhan-Hu-1 (GenBank accession number NC_045512.2) 39811150 9ANGYVD4
SARS-CoV-2 Idisil

Clade L Wulhfaaeiugizunsn (Wuhan-Hu-1-like) fiszunsluiilosgau ievaned

%

2562 - nadsuunIIny 2563 danduaneiugnsi
Clade S Tuvnarasdeuunsiaududuunsunuhyaniniswasuslawseiingle
e 2 duvdendon 9 Au loun dundedl 1 wua C Adumds 8,782 waswdu T (C8782T)

Fansatunsnozilundwmis 76 velUsiu NSP4 Tnanisilasundasiidy silent mutation
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fio liifinastensnezilulusuna S76S uaz fuvtadl 2 wa T fisumis 28,144 wWaewdu
C (T28144C) Femsidpuuasildmaly nsmoviilufisumis 84 voslusiu ORF8 Waeu
911 leucine (L) vu serine (S): L84S

Clade V lunaent dnhfaivenlddunulsaly Clade L fnswisuulassia
fiugnssa 2 fuads T6uA duad 1 wa G Aduds 11,083 Waswdu T (6110837
dwmalvinsnesdilufisuvus 37 vaslusiiu NSP6 wWasuan leucine (L) 18y phenylalanine
(F): L37F siuviadi 2 e G fisuns 26,144 waswdu T (G26144T) dawaliinsnozilud
s 251 vaslushu ORF3a Wasuan slycine (G) 1u valine (V) G251V

Clade G Tutwruwnouduiay Tasa SARS-Cov-2 Taglanig Clade L lasyuineen
uenUssinadn gussmalunivglsy msdnwidlusmeshiafuenldlugineluid w
nswWasuulas wa A fiduuds 23,403 wWaswdu G (A23003G) dwmalinsnevalud
e 614 vaslushiu S Wasuan aspartate (D) 1u glycine (G): D614G anvdmalilasa
farwanunsolunsiodeldAty wanshiinasannuguLsivedlsn wazdanuns
WasuuUasdn 3 s Toun suvdsdl 1 wa C Aiguns 241 Waswdu T (C2417) 3
Duduwes 5°UTR, sums?l 2 wa C fisusus 3,037 waswdu T (€3037T) 1Ju silent
mutation lifinasensnesfilulusuvus 106 (FLO6F) vedlusiiu NSP3 wazsumisil 3 wua
C fisums 14,408 wWaswdu T (C14408T) dwalinsmozilufisumus 314 veslusau
NSP12b aeuan proline (P) iu leucine (L): P314L

Clade GH h¥dlu Clade G TnswAsuudassiaiugnssnaniua G Aisums
25,563 Waswdu T (G25563T) dwaliinsnesilufisnumia 57 veslusiu ORF3a Waeu
911 glutamine (Q) 1w histidine (H): Q57H Fawuaniigaluvveninnie

Clade GR lunaseunuithiidlu Clade G Tusnldluvivglsy uaveudnild fadl
nswdsuulanua 3 sunusindy Aduvus 28,8813 910 GGG 1w AAC vhlsidummis
nsnerdiluvedlusiiu N Aishuvis 203-204 Wasuan RG U KR (RG203KR)

Clade GV wulutsuiounatau Ta¥alu Clade G fimsiAsuntassiaiusnss 4
duns TouA C241T, C3037T, A23403G, C22227T warfinsdsuuanuadilusiu S
(A222V) wagnun1silasuulasvasnsnezaluiilusiu S (D614G)

Clade GRY hiafimsdsuuvassiaiugnisusnlaenaen aananesiuglysiides

v
v faA

dhszialuaeiugdingy (B.1.1.7) aeiugiiinsasuulansnesdlunddaluiums

] o

[y

501 wWaswann asparagine U tyrosine (N501Y) Fvaglusunisiiinzinduiisureusas

ACE2 PlvhSannzwaalandnedy Jadaowazwnsnszanelady wasinisidsukuassya
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fiugnssaludumiadudn louA  C241T, C3037T, 21765-21770del, 21991-21993del,
A23063T, A23003G, G28882A wariinisasunvainsneziluvedusau S leun Heodel,
V70del, Y14adel, N501Y, D614G wavinsiasunlasninesdluveslusiu N laun G204R

Clade O (Others) hifaimswasuuvasuavudlusnuugulianansadndwunany

LY

Wugle [24] [anndszneau 5]

Full genome tree
derived from all
outbreak
sequences
2021-03-09

Notable changes

656,152 full genomes (+38,914)
{excluding low coverage, out of
701,422 entries)

Updated clades

RBDx: relevant changes near
receptor and antibody binding sites

S clade 9,014 [#RBDx 402] (+61
[+37])

L clade 5,067 [#RBDx 13] (+34 [+0])
V clade 5,944 [#RBDx 5] (+2 [+0])
G clade 87,475 [#RBDx 18,572)
(#5,177 [+1,909])

GR clade 144,194 [#RBDx 19,681]
(+9,056 [+1,726])

GRY clade 124,873 [#RBDx 3,207)
(+8,896 [+48])

GH clade 150,207 [#RBDx 32,865]
{+10,116 [+3,492])

GV clade 122,012 [#RBDx 594]
(+5,139 [+100])

Other clades 7,366 [#RBDx 647]
(+433 [+155])

We gratefully acknowiedge the
Authors from Originating and
Submitting laboratories of
sequence data on which the
analysis is based.

el

by BII/GIS, A*STAR Singapore

awdsenau 5 Mmsdanguidelisalain-19 uavduwrianisilisuulamianugnssy

Auguteya GISAID (Yeya 09 flumu 2564)

n13nsaa3tadelaSalslawaneiugiva 2019 newissUfunnig
nsneitadelsaindolida COVID-19 dvannvanes il

1. 3nsnsravendennssd (Chest Xoray, CT- Chest) lugasiifinisszuraniinly
Uszimaduaunisnsranaluanasuldbmlafinsuusihnisasiavenmenineneisd
Aeufmestitenidedilsafndolifa  COVID-19  snafinnsandiudiuussnauveinis

3195w waztdudnuilaniaden



19

2. Brswwidsadelifa (viral isolation) ¥ SASRCov2 dmluderelsa
Suns1eseiy 3 ansofeseiumadumela felsasuussdfndesnadedinld
mMamzdsndelasa SARS-Cov-2 feuiiluiesufiinstidsfusedu 3 (BSL-3) whilu
T¥aanusadfinsuuldluwadinzides Vero 6 ldunan kidney epithelial cells uaw
Huh-7 19106y cell lines mMstiindmnuvedhdailiAnnsiasuulaguiswesad
(cytopathic effect: CPE) [nsuaauaslsn nsensisanssnan. Tsafadolalelsun 2019
Coronavirus Disease 2019 (COVID-19), 2020]

3. Fmagiduiuine (Serological testing) wanaismdngiuvesnishnide uasiu
Snflaisnfusleniluniessuiainer  awnsoldusaifiunadoundwesnsssuald  an
ATeres Zhang uavAmy @W1AATIT 1M LAY 166G SUMzAelde SARS-COV-2 91
f9EN serum Qjﬂ?ﬂiiﬂ COVID-19 1mgle3s Enzyme-linked immunosorbent assay
(ELISA) 21fBN153UAUTENINN antibody AU SARS-CoV-2 Rp3 recombinant proteins [25]
WAZIIUIBUOY Xiang WATAME FIUITANTIINT anti-SARS-CoV-2 IgM lag IgG Tuﬁﬂ’wﬁ
asdelsm COVID-19 [26] 13U COVID-19 finsyasae Rapid Test azanunsansialdndad
1Mt 5 - 7 u vdeldsuidouuds 10 - 18 Su fu nsld Rapid Test msranTiduiy
(IeM/1gG) Tutasusnueanssusde wietimusniiiionns wanmsnsisszuanmaay aslald
wansighelifnide COVID-19 lesminniduiudiliifndu (271

4. Fneeayluana (Molecular testing)

4.1 maaamﬁaﬁuqmimmL‘?}Jala%’a (Viral sequencing) wenanlddudulisauas dsveli

v A

nsuisriavedhialatsesuiunarilun §snsvh Next Generation Sequencing (NGS)
Toyaildannsathm@nwnsssusluidivedifmunmeshia Ioud msdudulse s
dvinbia  nenduaindadohiaidn  laegdduinAalolndudsuutasiuaniuviol
deifeuiudduinfalelndvesnisindensiusnlufiaesedeatu vidousinsyvions
Fanumanaieiuguetads Wiy :wdnimmansesderatrelsalussuumadiy
welasiueg (co-infection) [12-14, 19, 22-24]

4.2 MafisUTInuasugsTIETs realtime PCR idunmsifiuUSinamsiugnssuves
h3a Jeaansansiamisziures PCR product lusgninsmsifaufizenldiuil Tngende
ansiafiiFeanas (fluorescence) Faunsvh real-time PCR Safiunsifiuuana DNA way
a131150m599MUTUd PCR product AnTuase o L’;mﬁgue] 1§ #9910 conventional

PCR Tudumoun15m313904 PCR product 9nseyimasaInufiisennsiiuaesduanie
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wadla real-time PCR Usznaulusae 4 dunsundng téun

1. Linear ground phase Li“ijiNL?fmﬁusuammﬁmﬂﬁﬁ%m AT IUTOILEITOS
fluorescence T 15-20 souusn SzezinIos realtime PCR axiinseuans baseline veq
GURIERNIGE

2. Early exponential phase 1Jugasfiseiundsanuves fluorescence Lﬁ'mqﬁumﬂ’i’l
background n1siindayaausesias fluorescence Tuwsiazsouvasufisen azlarn cycle
threshold (Ct) AztanAuan Gﬁq%lﬂuﬂ%mmmsﬁuﬁqﬂﬁuﬁLﬁmsﬁuiuﬂﬁﬁ%m

3. Log linear phase {utasfiiinisadis PCR product atuiese AUVENNE U Ve PCR
4. Plateau phase (Jurisanvevesufiien PCR Tutasiianaiafineg AiliAnufisen

wietegasuliaunsathafliudiassimusunavesasiugnssula

NANITIATIERVEUNATA real-time PCR 7ilnagiidnwaiznsiu S-shape [Aesnmuseneou 6]

a111350052939 PCR product MAATUAINNITIVRYQYIUTDILEITDS fluorescence @15

raa

mvgeldfidutmung (no template) agbifimsiindygrauas Wwududuasiuissuiu

2,000,000+
ARn Plateau
Sampls—;}.-"
1,000,000 —
/ Logfexponential phase
Threshold Ct ,
I/
[}—_: i
Baseline No template
' |
0 20 40

PCR cycle number

ARN = Fluorescence emission of the product at each time point —
fluorescence emission of the baseline

Ct = Threshold cycle

a

AMUTENDU 6 NTINLARINI LAY QYIUUAITDY reporter MLALTUAINTIUIUTOUNITN
PCR 1uuuuvinm (exponential) fidnwauzilu S-shape

[Lméd‘ﬁm: Basic principles of Real-time Quantitative PCR]
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Famsvinldannsideuaiuannsavinlalaensld Hydrolysis probe %130 Tagman porbe
Wa3unIaiin 5 nuclease assay Fadlariinsly probe euduiien Tnefidulas 5° fin
AN receptor dye @nfiulane 3’ finaaindae quencher dye edesaziaiillsl
A 5 bp alAnURRSen hydrolysis uda receptor dye awgnnIzufENEINLLAT 21N
ariin1saenaanasuulUliiy quencher dye vl quencher dye ganAunaINUwAS
fiAni udmendsnusenuilugUvesruenadunas Wedhguiisen PCR Haswoanis
@379 DNA anglual (extension step) probe aggngeslagUfiisen 5 exonuclease %09
wuled DNA polymerase dwaly receptor dye “gABBNIIN quencher dye ONGAFTRER
Uanudesndsnuaenuiluzuveauas fluorescence [fanmusenou 7] ialintgnuinurldly

nsnsaelisalalsuianeiuglv 2019

t @
®

(I

! @ quencher

HEREER HEEEN

—
DNA polymerase

AMNUTENBU 7 N159191UY89 Hydrolysis probe

[meﬁm: Basic hydrolysis probe (Tagman) PCR]

MITIATIUIUIUENTRUINITULUY Absolute Vo133 real-time PCR \Jumsinusunaans

[y a

Wugnssunilegaseluieddidingia Feanunsathanldlunisasafanunisaiulsa e

]

=) %4

1nsAne mInAINTsIRANINAARULA1AIN AEAaedin15a39 standard curve @9azuans
Auduius udunseseninee Ct AudSunaasiugnssy udauian copies/ul MA3ed
Awandle dhanmuinalia (viral load) Niflusegnedsdnsia lngAninangns

AatuUSuUlaga (viral load) Aicnunadla Sviaedu (copies/ml)
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Tunsdinsmsraie SARS-Cov-2 Fefianswugnasuviia RNA aefifuneunisiddeu RNA 1y
DNA (reverse transcription; RT) neun159i real-time PCR 35n130519300u Real-time RT-
PCR vi30 RT-qPCR Gsgminenlutiagiiufinisusuugslidituneu RT wag PCR anusavinlély
naeaURATeuAE Ul (one-step RT-PCR) [finmuszneu 8] saumannsonsialdvans

gudvunendeuiu lnevirlaannnisiaen reporter dye Alnsi3ouaslutsaueIAdY

A9
_-&ﬁ‘_
aff—
' o |
RNA s s _—
. @
= & — i
vy e
cONA (2) 3
‘H-""I \\3;.-" - —— l—
8590 8570
(1) - 4
“‘f’ - ~,  50-60°C
Qe yckes
S =
Reverse transcription Denaturing _M_Q-E'Eﬂmim |

NNUT2NDU 8 YUY Real-time reverse transcription PCR (real-time RT-PCR)

1. Reverse transcription (RT): nsidsy RNA 15 complementary DNA (cDNA) #g
Oulwsl reverse transcriptase ﬁqm%qﬁ 50°C 1Jurian 10-30 uf

2. Inactivation and activation: msvhanewdulesl RT LLazﬂizéjuLﬁuvL%ﬁ DNA polymerase
figaumail 95 °C w1y 2 unil

3. PCR denaturing step: M3uen DNA anwduglififuduiiend 95 °C uiu 5-20 Jundi

4. PCR annealing & extension step ﬁqquﬁ 50-60 °C U1 30-60 Funi

91 step 3 way ¢ Wusuau 40-45 ou

Fsonmgiiuaztianauemn step annsoUsuAsuldmumuneantuiy
primer/probe LLazsqmﬁflmﬁi%’ FowriunsnaaeuuazUunt  (optimization) Liielvile
gamgiuaznafivmngay nsdfinsafulmaneivareduivinlumasaiendiu (multiplex)

U o

. . 1 . 1 a v o P a a Y]
e#8avi1 optimization 191 primer/probe vadusazBulminulaanoumniiieaiy
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mMInsramasiugnssuvendeli¥a SARS-Cov-2 lasnsdlushetieddmmadaeds
real time RT-PCR Fadhuisiuugilvldnmalavesdnisenndelanuasniionundnaiu
asaguieunnUssma  Gudifoide  nisnmavidelimuluasinnudinedodogs
annsoifivBnamstugnssuldudariidefiondntes uazannsansranudeldniely 2-
5 fundmninide dwsududmneildlunsnsin SARCov-2 I non-structural (NS)
udududiaslusiuimihilunszuiunsifiuduiuredhisa wu RNA dependent RNA
polymerase (RdRp gene) mqsqmmaauﬁamﬂu orfla, orflb, orflab, NS1, NS2, 458 819
W structural gene Wy Nucleocapsid (N), Envelop (E) #3e Spike (S) aquzithasandaiiu
Srunluwadfifndeasiimsadasiugnisuesh¥a  (genomic  RNA)  wieufuadhe
subgenomic MRNA ifieadslusiuiidudulssnoulpssadvadhsasenuegannuie
dm5UYAnTI99U  SAR-CoV-2 i primer/probe sinaggnaenuuuluuiiin conserved
region FwnnedsusnasmzuuBuiiidsuvanuldians SARS-Cov-2 Wi axlidu
h3adu 9 Tasamzhdanieglunaulndidesiu 1wy SARS, MERS, %38 coronavirus anesiug
Ju 9 venguinelsalumadumelawilondu Fadudatueragnidontisdrduiuadisng
Uinautusnesnuuuidu primer/probe udliildueninansaaiddvioru Faldutimane
Wennuaziinula (sensitivity) WazaUdwNIE (specificity) windu Tunsasiagud i
w9358 2-3 Bu wiowuiun1msIa Internal control 138171 multiplex RT-PCR @13130)
smualaensldansSeasinminiufinfl probe vetusdaziy [Pitfall Tun15n1a SARS-
CoV-2 mewmaillam Real-time RT-PCR. NSUAVEIANAATNTLINEG NIENTIESITNGY, 2563.]
uiatidlesan covip-19 ulsafndegiFlml nsesdnseundfolandsldmmualidng
AT1REuSuIeIE RT-PCR asosmsantuduetnetios 2 Bullmanefiuansiaiu fsmnzse
ela3a SARS-Cov-2 [27]
Tutlgtulimsimungeesaduiagilidenldifiomnsafudulsafinde  coviD-19 i
vanmaieBy  warvanvateBve  aneudderes  Kasteren  uazAnizviinnsUsuidiu
UszavisnmuasidIouiieuyamsiadifagy (RT-PCR for COVID-19) 91n 7 B%e (Altona
Diagnostics, BGI, CerTestBiotec, KH Medical, PrimerDesign, R-Biopharm AG, &g
Seegene) yuinamlilumsnsiadulifa SARS-Cov-2 frnademgaueimsnsiada (limit
of detection; LOD) shsfulaiiiu 6 wiwesudazyaniia Aszduanudesulivosniniesas
95 (LOD95 in copies/ml) uawilrnusumnesadelnglaiin cross-reactivity fiu human
coronavirus @esfusau 9 onifu E-gene flanu13ans19dy SARS-CoV-1 ié’ﬁqﬁ?usqmmw

dndaguns 7 Bviell awnsahanldnsiadudulsafnideliia COVID-19 maisfuansla
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28] éalsfmmiiiioadnnuiifsddu COVID-19 ngosimpunisnineasieiios Fams
WasuuamesansiugnIsuuiduiinansznusenmsnnavwiesUfiing - Jegdudalaid
fuilliu gold standard dmdunsalsainidelnda COVID-19 #e33 real-time RT-PCR 714
lusgAuUssimanayseavaina

soundimsianiinisanaitedtlsadelda  coviD-19  IhAneugniowuas
wiugunnty Tuthgtuuisesndu 2 3 1Hud 1) mafisuumsiugnssuvendelya
fhewadin PCR uay 2) MIng1am antibodies @sita 2 334 dudnnisdonidientsnsa
Iedy wazmdnmsulsnaiiuandety Tnon1snsiasie RT-PCR azidenasialunsdliigiae
Buflenmsuanseenveslsaiidaau lunsmsiassifiufioisnnsueayn wasmuiina
lh¥a Tesuanamaidud Ct 35 RT-PCR anunsaarianisindeldmausfuusniuansornisves
Tsa uazannsonue Ct gegaldniely 1 duamwiusn lnefivdnnisudswadsd mnden Ct
teauanaindivunalidaas nenuan Ct doundn 40 wansitwa RT-PCR Juuin egnlsh
a1 Ct azAos anasineluludUnmiil 3 uazianma RT-PCR Wuaulufian lunsdl
FUaefifiennsgunssnn azwuAn Ct Mndigdaedifiennisguusstios uavannsanusa RT-
PCR 10uuin aeglaenuiuminnd 3 dUav deaisseiswenisulana RT-PCR Ao N1l
naLfuUINIEianIiaInTIany. RNA vnsdauwedhifawiitu Sdliamiing RT-PCR iilaus
ven videdudufamsihidadsased viemely dwiuiBnmsmsiam antibodies awivang
dnsumsenidadedtisfinanseimyveddsaiudy 34 #ani dafunisnsiam
antibodies 12#BIMI1U onset YasNSAREINIAdAIY ndinsRndoarnuN TNt uves
IgM uay 1gG lusiegrudenvewtiy oy IgM Jranaudsedummnnldluduavia 5
nFnuaniensvesisn wazazasishinulufign Tussezdonndiannsonsany 16 1

PIUNNAUAIYT 7 MAI9INLARIDINISUBILSA [AaNINUsEnNaU 9]
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roudonms [ kesudewms
s:g:fgINtoNsas9300de stgAaUISNasIVWOISad838 PCR TRwaluuon sty:nnsoomolsadayss PR TRwailuau
GovnsasIo@osn

s:g:RaLSNsIRIEeaOKINIMUNUGDBS1DSH

Gao
[alsunlosa
SAR-CoV 2

DaugNsolumsasiv3todenddu

=]
| % Jel5udons
oulmstay o Jmsods L SyakA 1 dUokA 2 AUORA 3 AUaRA 4 AUORR S AURA 6

e n1s0s30mBoNBOKIWSIIYNGILSE PCR m— Ms0s30KIBNBOYIUAD KEOEUKGIUE PCR - - DI KSO NOUGLDOTUT IgM

e— 500 USP0SOWUBOTUS:LUMDIGUKTETD msns:nn'lﬁoamm&&xﬁé PCR = DOGWNU K30 HOUAUDAYTQ GG

AMUsENOU 9 matian1snsavidadelsafnelasa COVID-19 Tussyzmng 9
uagvann1sklananisnndadelsadniiielisa COVID-19

v [ 1

Jayasananuandiiuinnisnsiainadelsaanaelisa COVID -19 az@aadanisni1sngia

Y

Jade LLﬁ%?}%ﬂ’ﬁLLUﬁNﬁIﬁLWN’Wﬁ&JﬁUﬂ'ﬁLLﬁﬁN’éﬂﬂ’]i‘sUﬁNI‘iﬂ, onset YBINTLEMIBINITVDY

lsandaau wagsyiuanugulswedse Tugtieianegsie [29]
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unii 3
A5AHUN1TIe

Use91nsAlaEe

fhogreildlunsinuisefidusodrsssuumaiumela 16ud  Nasopharyngeal
swab + throat swab (NT), Nasal swab + throat swab (NST), Sputum (SP) uag
Endotracheal aspirate (ETA) fiiunsafinansiugnssudu nucleic acid wé Jandean
unmnitedtlsefadolhds  COVID-19  vesaudineremansauninlsngtinlul
lsagmuiagaansal aniniyalng 1w 111 fege (vedtie COVID-19 10 578)
Tuthadeuiiunay - wweu Tl we 2563 Fsegnaiitandnuilunisideadedlssu
auAINNESENSANEINemansguamlsaglalni lssmeuiagwiansal @n1n1ve

e wagauITeasatllanun1seudRINANENITUNTITESTIN ANSUNNEAIENT JHIAINT0]

UWINY1aY (COA No.972/2020, IRB No. 583/63)

a9 gunsal uazasiadinlélun1side
1. answaildmuaninansiugnssu (nucleic acid)
- NucliSENS Lysis Buffer (bioMerieux)
- NucliSENS extraction kit (bioMerieux) Usgnaunie
Magnetic Silica
Wash Buffers 1, 2 and 3
Eluent buffer
- MagDEA® Dx reagents (Precision System Science, Chiba, Japan)
2. ansadmdumaiiuTinaua siugnssudes real time gRT-PCR
- SuperScript Il One-Step RT-PCR system with platinum Tag DNA polymerase Kit
(Invitrogen) Usznausie
2X Reaction Mix (containing 0.4 mM of each dNTP, 3.2 mM MgSO4)
SuperScript® Il RT/Platinum® Tag Mix
Magnesium Sulfate (MgSO4)
Specific primers Usznaunie forward primers wag reverse primers
Specific probe

DNase - RNase free water



3. @sLAld s uN1TILATI9 gel electrophoresis

- GeneRuler 100 bp DNA ladder Plus (Fermentas Cat no. SM0321)

- Agarose, Low EEO, Molecular Biology grade (Research Organics, Cat no. 1170A)
- 1x Tris borate buffer (1xTBE)

- GelRed® Nucleic Acid Gel Stain (Biotium)

4. answeildmiuvh PCR product Tsiusgns

- NucleoSpin™ Gel and PCR Clean-up Kit (Thermo Fisher Scientific UK Ltd.)
5. @1sialdmsunisimIed positive control/standard curve

- Oligonucleotide synthetic of genomic RNA (¢Blocks® Gene Fragment)
- Oligonucleotide synthetic of subgenomic RNA leader (gBlocks® Gene Fragment)
6. L1UsLNINANWL Bioinformatics

- Chromas Lite (version 2.1)

- Clustal X (version 2.1)

- Basic Local Alignment Search Tool (BLAST) version BLASTN 2.11.0.

7. Yanuavaunsal Addwiuaide

- Microtube: 0.1 ml, 0.6 ml kag 1.5ml (AxyGen Scientific)

- Pipette tip: 10 ul, 20ul, 200ul W&z 1000ul (AxyGen Scientific)

- Glassware: Laboratory Bottle with PP-Screw cap, 1000 ml &g Cylinder
- Centrifuge

- Refrigerated microcentrifuge

- Spins down droplets

- Vortex mixer

- Thermomixer (eppendorf)

- -80 °C freezer

- -20 °C freezer

- Laboratory Refrigerator 2-8 °c

- PCR cabinet

- Class Il Biological safety cabinet

- Real time PCR (Rotor-Gene Q) Instrument

- NUCLISENS MINIMAG instrument

- MagLEAD 12¢C

27



- Electrophoresis chamber set (Bio-RAD)

- Gel Doc 1000 UV transilluminator (Bio-RAD)

- Molecular biology transilluminator

- Heater block

- Microwave

- Biohazard waste Bag

- Biohazard trash garbage bin

- Biohazard waste container

A5 HUN159Y
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1. YANTIITUAITHUTNTTY primers war probe Adluadded ldannsmumuissanssy

ﬁﬁmsiwEmusuaqaaﬁmiamﬁaiaﬂ LLaﬂmﬁmﬁmﬂﬁmu’mﬂa

AN 2 IWALLDEATDY primers Wag probe T NWIzAndU E vauiialisa SARS-CoV-2

1.1 99 primers wag probe 7l4luN15013933U genomic RNA (Waiunlay corman et

al. charité virology berlin germany, 2020-V.2) [30]

1.2 9n primers Wkag probe Fldlunnsnsasu subgenomic RNA leader (#iaiunlag

wolfel r et al. nature 2020 april 1) [10]

Name Sequence (5’- 3’) Length | Product Target Ref.
size
Sglead F CGATCTCTT GTAGATCTGTTCTC 23 bp. Sub- [10]
171bp. i
Probe-E FAM-ACACTAGCCATCCTTACTGCGCTTCG-BBQ | 26 bp. P senemic T ag)
RNA leader
E Sarbeco R | ATATTG CAG CAG TAC GCA CAC A 22 bp.
E Sarbeco F | ACA GGTACGTTA ATA GTT AAT AGC GT 26 bp.
113 bp. genomic [30]
Probe-E FAM-ACACTAGCCATCCTTACTGCGCTTCG-BBQ 26 bp.
RNA
E Sarbeco R | ATA TTG CAG CAG TAC GCA CAC A 22 bp.
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5 UTR ORFla ORF 1ab S E M N 3 UTR
CGATCTCTTGTAGATCTGTTCTCTAAACGAAC 26,141-26,253
Leader sequence TRS

AMUTENDU 10 lnozlnsuLaniiunuees leader primer uag E gene primer
voulIsa SARS-CoV-2

[Lméﬂﬁm: https://doi.org/10.1371/journal.ppat.1005883.9001]

2. NSLAIBA positive control/standard curve
21 mawien positive control  AldmuANUFATEING MU genomic RNA
(gBlocks® Gene Fragment) loiuSEmdansngst oligonucleotide 10U double-
stranded DNA wu1aAue13 131 bp. agﬂugmwmﬁumuﬁa (lyophilized) 1an
avaneiu DNase - RNase free water aglaasidududy 10 ng/ul
NMAILINIAT copy number Iaglalusinss copy number calculator for real time PCR
[ nUsznau 11]
“hensazaneudulinionses  lasduauluafiazaivnoutaynas N5 liideaeaziian
windn Tneldgas C1v1 = C2v2 agldmmudidiudu 1x10™ copies/ul

9 10 fold serial dilution annauududy 1x10™- 1 copies/ul fawtilunagay

Calculate copy number based on:

Lo ‘

Template: Double Stranded DNA

Amount of DNA: g
Length of DNA: ases or base pairs

The number of copies 1s:

6.965x1010

Template Options: ® dsDNA  CssDNA ~ CssRNA

amUsenau 11 Wsunsuilddmsunisaiuiaian copy number calculator for genomic

RNA real time PCR [Lmdﬂ‘ﬁm: scienceprimer.com]


https://doi.org/10.1371/journal.ppat.1005883.g001
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2.2 Mo positive control fildAruANUFATEWING MU subgenomic RNA
leader (gBlocks® Gene Fragment) TiusEmdansngit oligonucleotide 1Uu double-
stranded DNA vw1nane13 171 bp. agluguuuuidunauis (lyophilized) whunavaeiiv
DNase - RNase free water aglamnudududu 10 ng/ul
NSAUIIAT copy number Laglalusinsu copy number calculator for real time PCR

[RanUsznau 12]
“harsazaneudulinideavas lasdwiuluadazaivnaunazids nsilideansazdan
windy ngldans C1v1 = C2v2 agldmnunduduiu 1x10" copies/ul

%1 10 fold serial dilution 91nAMuddwdy 1x10"- 1 copies/ul fauthlunageu

Calculate copy number based on:

Length

Template: Double Stranded DNA

Amount of DNA: ..
Length of DNA: ases or base pairs

The number of copies is:

5.336x1010

Template Options: ® dsDNA =~ CssDNA =~ O ssRNA

amdsznau 12 WsunsulddmsunisAunma copy number calculator for

subgenomic RNA leader real time PCR [Lméaﬁm: scienceprimer.com]

3. AsMeARUANTIETMINZALd Y UNSITIANATIEY genomic RNA Wag subgenomic

RNA leader va9i@iela%a SARS-CoV-2 #3638 real time qRT-PCR
Tumiaseaddildimsusuanumnzauvesensediildliimududuiivyay

Taglavin1susupaduduves primer (primer concentration) HagUSUAMUITNTUTDS

probe (probe concentration) uanNTUlAUTUANNWIINEaNVRIRMNTTlYluTUR oY
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n15¥1Ufis81 nomoplex real-time gRT-PCR é‘fmfummmmzammamwﬁLLazqmmﬁﬁ
T4y fAnrsanannd Ct waggunswl (s curve) fintuainufisen realtime qRT-PCR

- 1 positive control Mweally ddmiubusamueuuiiZoruin uay DNase - RNase
free water lddmsuidusmunuufizenau neaeusieds real-time qRT-PCR

- NSLAIBU Master Mix din1snanasazaisiailnge [fam1s1e 3 way 4]

Imaslsi’fsqmﬁﬂm Superscript Il one-step RT-PCR system with Platinum Taqg Polymerase

(Invitrogen, Darmstadt, Germany)

M54 3 dUNENFINTUNITATIV genomic RNA real-time gRT-PCR

No. Master Mix 1x (ul) Rx (ul)
1 2x Reaction mix 12.5
2 MgSO,4 (50mM) 0.4
3 E Sarbeco F (10uM) 1
4 E_Sarbeco R (10uM) 1
5 Probe E (10uM) 0.5
6 Superscript Il Tag enzyme mix 1
7 DNase-RNase free water 3.6
8 RNA template 5

A58 4 duNaNdINITUN1TNTIV subgenomic RNA leader real-time gqRT-PCR

No. Master Mix 1x (ul) Rx (ul)
1 2x Reaction mix 12.5
2 MgSO4 (50mM) 0.4
3 | SgLead F (10uM) 1
4 | E_Sarbeco R (10uM) 1
5 Probe E (10uM) 0.5
6 Superscript lll Tag enzyme mix 1
7 DNase-RNase free water 3.6
8 RNA template 5
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9ntuge master mix 20 ul Tdlumaen 0.1 ml s RNA template 5 ul wédrthasluiados

Real time PCR (Rotor-Gene Q) [A401514 5]

A1514 5 S1vazdenLfastunauYadlusnsy Real-time gRT-PCR

Step Temperature °C Time
Reverse Transcription 55 20 min
Initial denaturation 95 3 min

Repeat step for 45 cycles, by followed:

Denature 95 15 sec
Annealing 58 30 sec
Extension 12 30 sec

HANTSATIIATIEN RSN N s-curve wazan cycle threshold (Ct)

4. AIVIAE@BUANNINWIE  (Specificity) @IMSUAIIATIANATIEA  genomic RNA  Uay
subgenomic RNA leader ya980la%d SARS-CoV-2 #1838 real time gRT-PCR
4.1 MsnedaUANUI UMY (Specificity) dmsutn primers Wag probe lalunns
M523 genomic RNA 1A31nn1snumusTanssuuesIulsunaunt (corman et al.
charité virology berlin germany, 2020-V.2) [30]
4.2 MSNAFBUANNIWNIE (Specificity) @ msutm primers Wag probe lalunns
71533 subgenomic RNA leader
1h PCR product wyhlsiuzgus Tneldynardn DNA sona1niaa (NucleoSpin® Gel

and PCR Clean-up) ¥innsnensaiugnssy (sequence)
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5. MInadouAUll (Sensitivity) d1115UN1399199ATIEY genomic RNA Wag subgenomic
RNA leader vaaitalada SARS-CoV-2 #es real time gRT-PCR
5.1 mamﬂ%mmb%’aﬁﬁaaﬁqm (Limit of detection; LOD ) ‘171"1;91 primers/probe
samLLﬁazsgaﬁﬁMiﬂmi'aﬂL%@ié’ Taenh olisonucleotide synthesized fins1u copies
number oafinnudutusng 9 (10 fold serial dilution) Buanaudududu
1x10°-1 copies/ul vhsava 7 dilution ATUINYNMSIASIEREIETS real time
gRT-PCR
5.2 fmua standard curve WislddnsusBinsussudisumysunalsa

(viral load)

6. NINAEIUUTEANSAIN (Performance evaluation) ¥9435 real-time qRT-PCR &5y
MTIINITIATIEI genomic RNA Kag subgenomic RNA leader maalf??al’s%'a SARS-CoV-2
N1INAADUUILEANTAN ’i]%lﬁuﬂ?'imi')ﬁ]ﬂ%%’aiﬁ%’ﬂ SARS-CoV-2 ﬁawmmaﬁuua
anuzventeladasyuing active viral replication (subgenomic RNA leader) iU inactive
viral replication (genomic RNA) WuutsuUsunm @ae3s real-time gRT-PCR lagvagdouriu

nucleic acid 97U47U 111 #9819

7. MIUATIEVUeYa (Data analysis)
7.1 AATILANAINNITATIANYIG real time qRT-PCR 1nansly primer/probe w93
uiazen  dwsuduunanugrendelifasewing  active  viral  replication
(subgenomic RNA leader) AU inactive viral replication (genomic RNA)
7.2 Tieswinaainmisvadeulsynsnmmansiaitadesosaielseinidolsa
COVID-19 Tusnuauwsiugn (Accuracy), szauanula (Sensitivity) wazUsunalasa
(viral load) #den135AET Inefiansananiualiunn1Tanasues genomic RNA uag

N13M329kINU subgenomic RNA leader Iuﬁ?j(ﬂ
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unl 4
HaN13IATITVTRYA

1. HANTVAADUANIETIMINZALd M3 UNNIATITTATIZN genomic RNA uag subgenomic
RNA leader vaaitalada SARS-CoV-2 #es real time gRT-PCR

TnevngeuanIrguUn T mEUMInT19d1eT8 Real time ORT-PCR mIayAtien
Superscript Il one-step RT-PCR system with Platinum Taqg Polymerase (Invitrogen,
Darmstadt, Germany) Wag@nw131nauIdeneun [10,30] uaﬂaﬂﬂﬁlﬁﬁﬂw3ﬂ%’uqquﬁiu
funou annealing 13 2 gAns1a vy wan1madevanIEfivIzaNTadTE real time
ORT-PCR  (monoplex) 1un15v1Uf{A381997999u  genomic  RNA  uagUjisennsiadu
subgenomic RNA leader anansaiiySinaanswugnssuneliannzgaumaiifeafuls
waznsoununsiainusunalisa (viral load)
2. NANIAFBUANLTNNIE  (Specificity) @1M5UAIIATINIATIZA genomic RNA uay
subgenomic RNA leader vaudioli¥a SARS-Cov-2 #aes real time gRT-PCR

HANSNAFBUANNIWNIE  (Specificity) vB4YR primers/probe Aldlunisasadu
genomic RNA aR1un1svageulal 1nge19d9a1naudseneuntin [30]

NANTMAABUANT NI (Specificity) ¥BsyA  primers/probe Mt lunnIngIady
subgenomic RNA leader lé’mﬂmiaamﬁaﬁuqﬂism (sequence) UsznaUMBAIUTY
leader sequence %39 transcriptional regulatory sequences (TRS) wavduiiduilunves

oli%a SARS-Cov-2 [N INUsEnaU 13 way 14]

>subgenomic RNA leader_ sequence
TAAACGAACTTATGTACTCATTCGTTTCGGAAGAG

ACAGGTACGTTAATAGTTAATAGCGTACTTCTTTTTCTTGCTTTCGTGGTATTCTTGCT

AGTTACACTAGCCATCCTTACTGCGCTTCGATGGTGTGCGTACTGCTGCAATAT®

AnUsgnau 13 subgenomic RNA leader sequence
*A9nNwIdUNIRY: Leader sequence (primer-F) Aonwsduns: TRS, fonusdn:
nucleotides of SARS CoV-2 (part of the E gene), f19nw3dmA1 underline: probe

Y a a .
LaEFAIDNYIALVYI: primer-R



dlodameriselusunsy BLAST (Criteria: identity score >

genome)
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98 % with SARS CoV-2

Severe acute respiratory syndrome coronavirus 2 isolate SARS-CoV-2/human/IND/GBRC103/2020, complete genome
Sequence ID: MT509959.1 Length: 29796 Number of Matches: 2

Range 1: 26191 to 26312 GenBank Graphics ¥ Next Match
Score Expect Identities Gaps Strand

226 bits(122) 2e-55 122/122(100%) 0/122(0%) Plus/Plus
Query 27 ACGAACTTATGTACTCATTCGTTTCGGAAGAGACAGGTACGTTAATAGTTAATAGCGTAC 86

Sbhjct 26191 ACGAACTTATGTACTCATTCGTTTCGGAAGAGACAGGTACGTTAATAGTTAATAGCGTAC 26258

anit ittt it

Sbjct 26251 TTCTTTTTCTTGCTTTCGTGGTATTCTTGCTAGTTACACTAGCCATCCTTACTGCGCTTC 26318

Query 147 G|T 143

Sbjct 26311 GA 26312

Range 2: 2 to 35 GenBank Graphics A Previous Match 4 First Match
Score Expect Identities Gaps Strand

63.9 bits(34) 2e-06 34/34(100%) 0/34(0%) Plus/Plus

Query 1 CGATCTCTTGTAGATCTGTTCTCTAAACGAA 34
ity

AMUTENDU 14 MTAATIEY subgenomic RNA leader sequence aaglusinsa BLAST

nansnadeuaNly  (Sensitivity)  @115UNIIRTINNATIER genomic  RNA  uay
subgenomic RNA leader yaadol¥a SARS-Cov-2 #738 real time gRT-PCR
nan1InAaeuANl (Sensitivity) @195UATIINATIER genomic RNA real time
gRT-PCR [A9A1579 6 WAy NMWUIENOU 15-16]

A5 6 Han1Iaaeua11ula (Sensitivity) genomic RNA real time gRT-PCR

oligonucleotide 10 fold Cal.
Color Ct Standard
synthesized dilution (Copies/ul)
B gSARS-CoV2 1¥1016 1:10° 22.33 1.00E+06 9.88E+05
gSARS-CoV2 1*10A75 1:105 26.34 1.00E+05 1.05E+05
B gSARS-CoV2 1*10/4 1:10° 30.68 1.00E+04 9.37E+03
. gSARS-CoV2 1*10A73 1:103 34.64 1.00E+03 1.03E+03
gSARS-CoV2 1*10A2 1:102 - 1.00E+02 -
B gSARS-CoV2 10 1:10' - 1.00E+01 -
B gSARS-CoV2 1 1:10° - 1.00E+00 -
Negative control - - - -
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Concentration

AMMYUIENOU 16 NTIMLAAIAT standard curve $81319A1 Ct WAE concentration genomic

RNA
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nan1IAgeUANl (Sensitivity) @115UNIIMTIANATIEIR subgenomic RNA leader

real time gRT-PCR [f4%1519 7 wag A wlsenau 17-18]

M1 7 wan1snagaeunanla (Sensitivity) subgenomic RNA leader real time gRT-PCR

oligonucleotide 10 fold Cal.
Color Ct Standard
synthesized dilution (Copies/ul)
sg SARS-CoV-2 1*1076 1:10° 24.17 1.00E+06 9.42E+05
. sg SARS-CoV-2 1*1075 1:10° 27.75 1.00E+05 1.08E+05
B [so SARS-Cov-2 1%1074 110’ 31.66 1.00E+04 1.02E+04
sg SARS-CoV-2 1*10/3 1:10° 35.57 1.00E+03 9.61E+02
B [sg SARS-Cov-2 1%10A2 1:10° - 1.00E+02 -
sg SARS-CoV-2 10 1:10' ) 1.00E+01 ;
B [sgSARS-Cov-2 1 1:10° - 1.00E+00 -
. Negative control ¢ - - -
0415 -
o
o
=010
[T
E
(=]
=
0.05
Threshold ;‘
0.00 —;7___—?'5—#-—-——— =_=\——:_-‘_h~_/_/_____ ]
5 10 15 20 25 30 35 40 45
Cycle

AMUsENaU 17 nsruansnanisnagauaull (Sensitivity) subgenomic RNA leader
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34-f
324
530
28
26 4
24

Concentration

AMUTENBU 18 NS NWaAIAT standard curve 5e1319AN Ct Wag concentration

subgenomic RNA leader

NANTSILATITN

nmanegeulagly oligonucleotide synthesized wui1is real time gRT-PCR il
Anuhilunisnsiatausunalasawindu 1,000 copies/ul LERTIININTII s lsARRLTe
2% COVID-19 @nnsansaléans genomic RNA iag subgenomic RNA leader #1875 real
time gRT-PCR (monoplex) Faflnnudududous 1,000 copies/ul Fuly (=1,000 copies/ul)
LLasﬁmmhqaLﬁm‘w9‘1'71'%3ﬁﬁmﬁmsmaﬁﬁ%5ﬁiﬂﬁﬂL%ala%’a COVID-19 LﬁaLﬁSUﬁum

m339d1593U (limit of detection 1,000 copies/ul)

4. nan15naaauUszanSnIw (Performance evaluation) 98435 real-time gRT-PCR dusu
157159934A57189 genomic RNA wae subgenomic RNA leader vaaidala¥a SARS-Cov-2
Tunsinuidendsil iéfﬁmLﬁamﬁl’aaéwwmﬁﬂwbﬂamL%@hﬁ"ﬁ COVID-19  #idn$u
ms¥nululsmerunagmasnsal anneelne Taefinafufegnauuy Follow up faus
fufinsanuideaunseimnilinude 2 - 4 Sudeides S1uau 111 deens (vaaUag
COVID-19 10 $18) Usznaumie nasopharyngeal swab + throat swabs (NT) 112u 19
18819, nasal swab + throat swabs (NST) 97wy 8 699814, sputum (SP) 1w 77
A19879 WAz Endotracheal aspirate (ETA) 411U 7 0818 WaNIFIATIZANUI
subgenomic RNA leader anunsaasaanulduny 4 Ju audis 15 5u Tuvaedi senomic RNA
gemsranulaunuis 24 Ju [Ae159 8] %aagaLMdWﬁLLamﬂﬁLﬁu’jﬂuﬁmisstmL%Mé]’u%aﬂ
n1sRneiin1InsIany subgenomic RNA leader dumfugiuusunas senomic RNA iflann
3o Usunadlasa (viral laod) > 1E+05 copies/ml %38 > 100,00 copies/ml [flanndsznau

19] InedlAndudsyanSandunius (Pearson Correlation) 91 0.836 MNUUNAIINNATIDEUNU
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subgenomic RNA leader ﬁiéfmi’;ﬁ]ammuﬂﬂ’aaﬁiaiﬂﬁ]uﬂizﬁl'ﬂmuﬂaiwu genomic RNA 2-4
Fusiorfles Famudrilias COVID-19 $1uan 2 910 10 578 Fiam3anTI9NY subgenomic
RNA leader 8nads ndianndinsaslaimuuda 2-8 Suseiiles [famsns 8]

Qjﬂ’sﬁli’]aﬁl 7 (Case #7) $in135M5739NU subgenomic RNA leader launuis 11 du
foutudl 13 way 14 #579ldnu subgenomic RNA leader 1Bunan 2 Jusewlos Nt
Suft 15 asrany subgenomic RNA leader Snads sieuniud 18, 21 way 23 AngIvkinu
subgenomic RNA leader W& %aé’ﬂaaswﬁé’qmmwwu genomic RNA lauu 18 Ju

{thesedl 8 (Case #8) WuIn subgenomic RNA leader Trinauinaufisiudl 4 uén
Tnaavluiuil 5, 6, 7, 8, 10 war 12 Fadunan 8 Susaillos anduiuil 14 esrawy
subgenomic RNA leader aﬂﬂ%\‘i fou Uil 16 msmlaiwuﬁgq subgenomic RNA leader Lay

genomic RNA



A1519 8 WANNSVIAABINISASIININELSARALTBISA COVID-19

40

* ORF lab gene deyailliunainauuinisasiaiiadelsafinelida COVID-19 vosrue

a s

gnmansgunnlsagUalng

il dudeyasisdalunisulana

LWH9991NN15NTID

IdelsARMTalNTA COVID-19 @29n51950AU 2 JULANAIY AIUTDAINUAYDIDIANTT

aungielan
Days ORFlab gene* genomic RNA subgenomic RNA leader
(specimens) Ct Ct Copies/ml Ct Copies/ml
Case #1
01 (SP) 20.04 22.53 2.71E+08 31.76 5.13E+05
02 (SP) 20.47 22.71 2.46E+08 30.71 9.69E+05
03 (SP) 21.33 27.99 1.29E+07 3791 1.25E+04
05 (SP) 33.16 35.43 2.04E+05 Not detected | Not detected
06 (SP) 29.59 Not detected | Not detected | Not detected | Not detected
07 (NT) Not detected | Not detected | Not detected | Not detected | Not detected
08 (NT) Not detected | Not detected | Not detected | Not detected | Not detected
Case #2
01 (SP) 23.50 26.77 2.20E+07 30.50 1.45E+06
04 (SP) 26.92 29.61 4.54E+06 33.88 1.89E+05
05 (SP) 26.39 26.46 2.63E+07 34.72 1.14E+05
08 (SP) 26.65 28.82 7.05E+06 37.71 1.86E+04
09 (SP) 31.79 35.61 1.60E+05 36.02 5.18E+04
10 (SP) 28.08 32.24 1.04E+06 Not detected | Not detected
11 (SP) 33.25 35.27 1.94E+05 Not detected | Not detected
13 (SP) 30.38 35.56 1.64E+05 Not detected | Not detected
14 (SP) 31.47 35.26 1.94E+05 Not detected | Not detected
18 (SP) 31.22 35.75 1.48E+05 Not detected | Not detected
23 (SP) 34.23 37.64 5.15E+04 Not detected | Not detected
25 (SP) Not detected | Not detected | Not detected | Not detected | Not detected
26 (SP) Not detected | Not detected | Not detected | Not detected | Not detected
27 (SP) Not detected | Not detected | Not detected | Not detected | Not detected

28 (SP)

Not detected

Not detected

Not detected

Not detected

Not detected




41

Case #3
01 (NT) 12.89 14.96 7.02E+09 22.64 4.02E+08
08 (NT) 19.01 23.53 5.87E+07 32.20 1.25E+06
10 (ETA) 25.78 27.15 7.81E+06 34.72 2.713E+05
12 (SP) 24.88 26.86 9.21E+06 36.92 7.21E+04
13 (SP) 25.57 27.89 5.16E+06 37.66 4.61E+04
14 (SP) 30.42 34.84 1.07E+05 37.63 4.70E+04
15 (SP) 30.43 30.72 1.07E+06 38.62 2.59E+04
17 (SP) 32.09 34.56 1.25E+05 Not detected | Not detected
18 (SP) 28.53 30.66 1.11E4+06 Not detected | Not detected
20 (SP) 29.48 31.41 7.29E+05 Not detected | Not detected
21 (SP) 31.71 36.72 3.76E+04 Not detected | Not detected
22 (SP) 22.90 28.27 4.18E+06 Not detected | Not detected
23 (SP) 26.19 30.98 9.24E+05 Not detected | Not detected
24 (SP) 28.41 30.12 1.50E+06 Not detected | Not detected
25 (SP) Not detected | Not detected | Not detected | Not detected | Not detected
26 (SP) Not detected | Not detected | Not detected | Not detected | Not detected
28 (SP) Not detected | Not detected | Not detected | Not detected | Not detected
Case #4
01 (NST) 27.60 31.65 4.20E+05 34.86 1.05E+05
07 (NT) 26.80 32.70 2.34E+05 35.82 5.84E+04
08 (ETA) 27.57 32.20 3.09E+05 38.47 1.18E+04
09 (SP) 29.01 30.61 7.48E+05 39.57 6.06E+03
10 (SP) 31.06 3243 2.71E+05 Not detected | Not detected
11 (SP) 33.71 Not detected | Not detected | Not detected | Not detected
12 (SP) 35.70 Not detected | Not detected | Not detected | Not detected
13 (SP) Not detected Not detected | Not detected | Not detected | Not detected
14 (SP) Not detected Not detected | Not detected | Not detected | Not detected
Case #5
01 (SP) 15.16 19.29 9.43E+08 25.83 3.40E+07
02 (SP) 11.89 16.80 3.78E+09 24.33 8.41E+07
03 (NT) 18.79 2291 1.25E+08 29.15 4.56E+06
04 (SP) 20.22 28.83 4.61E+06 36.93 4.16E+04
06 (NT) 34.97 27.21 1.13E+07 35.11 1.25E+05
07 (SP) 22.52 29.67 2.89E+06 38.14 2.00E+04
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08 (SP) 24.87 29.25 3.64E+06 39.74 7.61E+03
10 (SP) 24.07 32.11 7.36E+05 Not detected | Not detected
11 (SP) 30.14 35.34 1.22E+05 Not detected | Not detected
12 (SP) 28.99 32.18 7.11E+05 Not detected | Not detected
17 (NT) 31.67 38.72 1.85E+04 Not detected | Not detected
19 (SP) Not detected Not detected | Not detected | Not detected | Not detected
21 (SP) Not detected Not detected | Not detected | Not detected | Not detected
22 (NT) Not detected Not detected | Not detected | Not detected | Not detected
Case #6
01 (NT) 26.28 29.70 3.15E+06 37.02 1.43E+05
03 (ETA) 21.50 24.33 6.31E+07 33.40 1.26E+06
04 (SP) 16.50 29.15 4.30E+06 38.27 3.64E+04
05 (SP) 23.94 29.02 4.61E+06 37.80 2.04E+05
09 (NT) 31.70 34.69 1.95E+05 Not detected | Not detected
13 (NT) Not detected Not detected | Not detected | Not detected | Not detected
14 (NT) Not detected Not detected | Not detected | Not detected | Not detected
Case #7
01 (NST) 13.81 17.35 1.98E+09 23.89 5.18E+07
06 (NST) 20.18 24.21 4.33E+07 31.57 7.13E+05
11 (NST) 22.56 26.40 1.28E+07 35.60 7.50E+04
13 (NST) 29.34 33.03 3.15E+05 Not detected | Not detected
14 (NST) 28.29 32.18 5.06E+05 Not detected | Not detected
15 (NT) 21.84 25.24 2.43E+07 33.72 2.15E+05
18 (NT) 36.28 Not detected | Not detected | Not detected | Not detected
21 (NST) Not detected Not detected | Not detected | Not detected | Not detected

23 (NT)

Not detected

Not detected

Not detected

Not detected

Not detected
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Case #8
01 (SP) 17.13 18.29 2.45E+09 27.34 8.91E+06
02 (ETA) 14.74 17.33 4.19E+09 26.51 1.48E+07
03 (SP) 18.22 25.95 3.43E+07 36.27 4.05E+04
04 (SP) 18.53 21.29 4.61E+08 30.97 9.99E+05
05 (SP) 28.83 31.62 1.45E+06 Not detected | Not detected
06 (SP) 27.62 32.11 1.10E+06 Not detected | Not detected
07 (SP) 32.67 38.68 2.81E+04 Not detected | Not detected
08 (SP) 30.86 35.70 1.49E+05 Not detected | Not detected
10 (SP) 30.32 37.61 5.10E+04 Not detected Not detected
12 (SP) Not detected Not detected | Not detected | Not detected | Not detected
14 (SP) 2293 28.84 6.80E+06 38.45 1.09E+04
16 (SP) Not detected Not detected | Not detected | Not detected | Not detected
Case #9
01 (SP) 18.36 21.17 4.56E+08 33.77 2.18E+05
04 (ETA) 20.08 25.6 3.85E+07 36.14 5.21E+04
05 (SP) 21.12 26.29 2.61E+07 36.17 5.11E+04
06 (SP) 20.82 25.44 4.21E+07 35.26 8.88E+04
08 (ETA) 27.59 34.44 2.79E+05 35.07 9.95E+04
10 (ETA) 25.64 29.15 5.30E+06 37.42 2.41E+04
13 (NT) 29.74 35.1 1.91E+05 Not detected Not detected
18 (SP) 32.54 34.77 2.30E+05 Not detected Not detected
24 (SP) Not detected Not detected Not detected Not detected Not detected
26 (SP) Not detected Not detected Not detected Not detected Not detected
Case #10
01 (SP) 21.67 26.27 2.03E+07 32.35 6.06E+05
02 (SP) 30.74 33.76 3.10E+05 Not detected Not detected
03 (SP) 27.68 31.85 9.05E+05 38.99 1.10E+04
04 (SP) 27.01 31.16 1.33E+06 38.64 1.36E+04
06 (SP) 22.07 28.10 7.30E+06 34.27 1.90E+05
08 (NST) 15.93 19.56 8.56E+08 27.89 8.99E+06
10 (SP) 24.84 29.57 3.23E+06 34.96 1.25E+05
12 (SP) 30.65 35.36 1.28E+05 Not detected Not detected
15 (NT) 34.93 37.74 3.38E+04 Not detected Not detected
19 (SP) Not detected Not detected Not detected Not detected Not detected

21 (NT)

Not detected

Not detected

Not detected

Not detected

Not detected
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AmUszneu 19 namluanamaUFeudisuyiinalida (RNA viral load) seminangudinga
WU subgenomic RNA leader (Detected) ﬁUﬂzjiu‘ﬁmth'WU subgenomic RNA leader
(Not detected)

dlethranisnaaes plot nsml wnw X LARINGHTBY subgenomic RNA leader
Fauvadu 2 ngu nguAuns Ae MIINU subgenomic RNA leader (Detected) Wagngud
Wy A #923lUdny subgenomic RNA leader (Not detected) d@uunu Y uansuSunalasa
FeasnuiUSinalhsaiiinnin 10° copies/ml %39 100,000 copies/ml AEATIINU
subgenomic RNA leader usllumnandufudniiuSinalhdaniftesnit 10 copies/ml fiay
539Ny subgenomic RNA leader agnslsfnuluuishegnefidusunalsaunnd 107

copies/ml fAnsaldnu subgenomic RNA leader Tenauriu
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unil 5
A3UNAN1338 2AUTIUHA UazUalauaLuE

3SondillaldnE  real time QRT-PCR  lunismsaadiamiu  SARS-CoV-2
subgenomic  RNA  leader  gadushuavenaniurlhdaiifieuanunsalunisuissa/idiu
117U (active viral replication) ielhifaluszesfinide MnnsAnuilugihelsafnidelsa
COVID-19 1wy 10 578 Wfiudn subgenomic RNA leader Sugninsansianulduiuds
15 fuwsnidrfunmssnndillsmenunagnainsal  uagnuihedwadlngfinsany
subgenomic RNA leader #iflUSunaslasa (viral load) 1nn31 100,000 copies/ml (2107
copies/ml) uafiundiegsiiiusunalliga 210° copies/ml ndunsaalinu subgenomic
RNA leader anaudululsinusunailada vi3e genomic RNA Aiflegamenadiny laiawnsa
tharldlunsyiunednfl subgenomic RNA leader w3adl live virus agviels Gensfnwil
Ienansneaesedefunuddenoundl  Jaindidenuiiuiesndidvinalida  =6logl0
virus N gene Ansaalanuy subgenomic RNA leader (LOD =26logl0 virus N gene
copies/ml) gl genomic RNA §spsasianulaunuiis 50 u [31]

e?fﬂumsﬁﬂmﬁlé’aqmudwmsmm‘wu subgenomic RNA leader wansfiganIuzns
fnidfe vieszduresnsinde vield Svliannsnasuld Wosnnisamany subgenomic
RNA leader gﬂlﬁlﬁ?ﬁUﬂ’]iﬁ&jﬁ]ﬁf\]’]ﬂﬂﬁia‘%LW’lzL%@ (virus culture) agalsinuilauideneu
il Sawanmdngiudnedy Alldnvnsnedecida SARS-Cov-2 WU WANISNAABILARS
Tdhuinfieuduiudiusening subgenomic RNA leader funisinidle Tnefimsasiany
subgenomic RNA leader shuiunnlugadiinde andeyaivhliinidedeinnimse
WU subgenomic RNA leader Lﬁwé’ﬂgmuamﬁaamuzla%’aﬁﬁmuﬁmﬁ'}mﬂuwaﬁamLﬁ?ﬁya
[10, 31]

aealsfinunIInsIaRnmIY  SARS-Cov-2 subgenomic RNA leader Josduil
mmaaﬁmﬂﬁﬂm’m’mLLmumi%’ﬂmﬁﬂwBﬂamL%@ia%’a COVID-19 1¢ faugiindslifinam
Gi'fmf\]u”[,u%’a;ﬂaﬁmmwmﬁm genomic RNA ;ﬁﬂwé’ﬁmvﬁaﬁ%’aagjw%ﬁ WS RENINTAUNSLTD
ol andoyaiinsgifldanmemunuissunsunound 9udenuideluadediiu
mswenenumiadeBaumdenfietvunilh$adidnldes  (viral  shedding) gonuniulsl
annsafins i wieunsideld Taevhnisiwseudisuusinames subgenomic RNA leader
(1030uUM199 WU N gene 3o E gene) TIuENssEiIaInIsnsIanuaunsEiansIvlinu

subgenomic RNA leader uagUSunaaes genomic RNA dumsingidislisatiunsely
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Tulagiuiifeyanseiuluwinisln subgenomic RNA leader 1Junangiuusuania

Y

Taaueglusvey active viral replication NAMNANTONNTILIL/UNITOL wazneney

Feuleatuuunaues genomic RNA Heenin 6logl0 (N gene) [31] wietiosnin 5loglo (E

(%
[V

gene) vosITeluasihdaasianuFessienisunsiosn  saudsnsiiglauiudug

9

1254 (neutralizing antibody) AU 1:10 hifaunagiipnuidsssonsunsidoniauiy way

v v §w

UNUSAUTTELLIaN 10 Tulneuseuna [32]

[

MnnvdnguieFuaganUINIsBa subgenomic RNA leader LiushdnAuiiddny
faudiUSnaes genomic RNA axdsfiummafimuusilianmsamnsdoty uavdmui
genomic RNA aasaglaunutia 50 Ju [31]

Fedundnnizeuanelsiiine coviD-19 ndudilurmedidmsany genomic RNA
oeftne TaeBavdnmuuuinmsquatnendfinde  COVID-19 [32]  Feflyawmunann

= =~ a P Aa | v AN 1A ay o ] Y o
ﬂ’]iﬁﬂiﬂ'ﬂﬂEJ@Jﬂ']iW'ﬁ]’]im’]f\]qﬂﬁjﬂ’JEW]@JE]’]ﬂ']{LlIEULLi\T LLﬁWj‘U’JEWﬂiJiJQﬂJWJﬂHUﬂWi@Q 0184

q

=

M33aNY genomic RNA lasaegUne eliusunas genomic RNA 1i3a (E gene) Ninsianuiley

'
N o w ¥

171 100,000 copies/ml [10] wazd1Agyazheensialiny subgenomic RNA leader wn
Huutuiiaidoswiudesing visusndeoningdu Wunaedtes 14 Yu Udosls
USinal genomic RNA fiBe ¢ anadeanadIdiu 1i5evhn1smsaasn o Snaunseiiamsanling
genomic RNA (@1aan50vila)

Jofveansuseidii. subgenomic RNA leader 1hnanslaszvivsenauiutoya
#197 Merdtavesiiheanizsneyana Tanszeralunsinuilulsmenualiduas
Hoandymifsuazaunsalimsunndliifismedonissessugiieduiuinn - suiagigan
Aldeluiunsshemanmsunme

fFodrialunuitondsd

v A . o a Y aa &
Yan 1 N1INIIINY subgenomic RNA leader EIVINNTNFIUNIYITNITNIELVD

P91 2 USunaumegneddnuiunidn ldamsathuivegeudinienagoutiudule
toi 3 liiveyanadiiniieldusenauiunisiesgsinaniwiesluAnsTiuee

pglsimuuenanielhiaudmanissnund@usgiurats g Jady wu nsillse

Y

o ] Y o A

UszdndmuaggunmuesUiy ssuuilauiuniaund (@berrant immune responses) dikasie

q
[

mdaiielasa n1sdniau (cytokine storm) dinasanisaniiulsn wagidnssnwgUisvaein

[
£

Yo 1 Hudu

—
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(% [ (%

wANANTUGTILNITAUNUTT subgenomic RNA leader anxnsausingiiinuladnas

<

NNNANITIATIEVRE UL COVID-19 fTmau 2 Tu 10 518 1aduldladnhda covip-19

[y Y

anansoviaugeuluwading q vessnels uissnaundnseuugliduiulatings lutaqdu

9
1%

szppnamstniviousndidmiufithefade viensanawuidohia coviD-19 dwis
RT-PCR Fsn1susnoonanngduauniiniinsiadideds RT-PCR limuidohiaintu 2 ads
vide 2 fu azdodldnauunansdUnny siseiladnnsAunuin subgenomic RNA leader
annsausnginAatulitnads udmniinsanlinu subgenomic RNA leader udadutaa
2 Ju aufe 8 Fusiaies Anfudeyamerdssatuaydliiinefadenndmieusnsoon

v & ! v o = 1Y) ' =
"\]’]ﬂ&jauLﬂumaanqquaﬂ 14 9 ﬂﬂ‘r\]gﬂa@@ﬂﬂiuLLW§Lsﬁa
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AAKUIN N
1. M3ainanITRugNIsy AIeLATedaNRATUENTIUENIUITA maglEAD 12¢C

YUABDUNTLHTHUAIDEN

LY 1

anflognld sample tube 0.4 ml

Y
[%

JURBUNIIANA nucleic acid

1. UainTesainasiusnssusmnluia

2. @90 function n13lgau

3. b cartridge thenafnansiusnasaLay tip feumsldnu madahildfduussnen
geshefnudnasuunly  cartidee wmnihendausnauuily  cartridge  asUnld
dnUsznovreniemnasuasdeslifineserne

$1uu consumable Tldensaia 1 feghs deel

Nucleic acid extraction cartridge MagDEA® Dx SV 1 Ty

Tip set 17U
Collection tube 194
Sample tube 13U

4. @en protocol @wsunisldeu

5. amadansdnsesduszneuathainaIsiisnsy MagDEA® Dx SV, Sample tube,
Collection tube dmiuld elution, Tip rack In1198819gnABIMNAT DA LULTINSITNY
6. UnrUszgiaTesaimansiugnssusmlusa

7. natu start Wieisutuseunsataasiugnssy Woatlunisada 30 und

8. ndsnafinansiugnssuiEeudosuds vhnsiiu elution 50 ul fieglu Collection tube
ponIniatesatnansiugnIsudnluii uasinaininosuasaliSeusos

9. 411U centrifuge 7 13,000 rpm WL 2 Wi Lﬁuﬁﬁqmmﬁ 4 °C 5991 real time RT-PCR

Reference: magLEAD 12¢C (Precision System Science Co., Ltd.)
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2. N3ANAATIUENTTUAIENENNS Boom (Nucleic acid extraction)
%1inF19e13 : Nasopharyngeal Swab,Throat swab, Sputum, Nasal swab

YUABDUNILHSTHUAIDEN

o w1 4

1hieg1eidesnsanin 0.4 ml Taaslulu lysis buffer 2 ml 11lU vortex wag Incubate 7

oM iiviod Wy 10 U9 neuingiunaunsann

9 Y
[

Jupaun1sana nucleic acid

1. AU magnetic silica suspension 50 pl (IaglY pipette @Wﬁua\‘i Wielif silica wanawsBen
vielallFiusaiududou deunnady) aniy Incubate 7 RT w10 wid

Waewe u mix asazanenigluvaeniduduun

2. 1lU centrifuge i 3,000 rpm WY 2 U mﬂﬁf’u@mﬁ%am supernatant 88n31n tube
wanlgnszauivgd Ul

3. 1@y wash buffer 1 500 ul 14 pipette Qmﬁﬁuaa wagaldvasn 1.5 ml

4. YIVERAULASDS MInIMAG (Magnet on) @14 30 3wl AAY3e section vhdaulasen

5. Yanurulaivanas (Magnet off) 1hiu wash buffer 1 400 pl 19 pipette @W‘ﬁyuaa 9N
miniMAG (Magnet on) 814 30 317 gAn38 section danilaeen (adaft 1)

6. Uanunuusinanas (Magnet off) 1@ wash buffer 1 400 pl 14 pipette @Jw‘ﬁum

iU MIniMAG (Magnet on) &4 30 Funft gavide section Yndaulasen (afl 2)

7. Uanunundivanas (Magnet off) 1 wash buffer 2 500 pl 14 pipette fﬂ@%{uaa 9N
miniMAG (Magnet on) 814 30 Ju1¥l aAne section dhdnlaoon (Adsil 1) 8. Uanuu
wiwidnas (Magnet off) 1@y wash buffer 2 500 pl 14 pipette Qm%’uaa AN MINIMAG
(Magnet on) &1 30 3unit gavide section thaalasen (adil 2)

9. UanunuLivanas (Magnet off) Wi wash buffer 3 500 pl 14 pipette fﬂ@%{uaa 9N
miniMAG (Magnet on) 814 15 Ju1#1 gAn38 section hdanlanen

10. @y Elution buffer 50 pl ¥1lU Incubate 5 Wit MevaeaUUAZEs Thermoshaker
(speed 1400 rpm, gaunnil 60°C)

11. ﬁmaamwwuméaq miniMAG (Magnet on) aaansazaie eluent 50 pl Tdvaon screw
cap fluuvias uazAnanninesmaenliiseuien

12. 1l centrifuge 7 13,000 rpm WU 2 W Lﬁuﬁﬁqmm:ﬁ 4 °C 5991 real time RT-
PCR

Reference: NucliSens Magnetic Extraction
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ANANUIN ¥
AMUsENeU 20 N13351L38 PCR product 71lAa1nn15ms2am1 subgenomic RNA leader fae

33 real time RT-PCR

M: 100 bp. DNA marker

1: Negative control

2: SARS-CoV-2 culture (RNA)
UM 171 bp.

M

AMUsENBU 21 NMFIATIZH subgenomic RNA leader uag genomic RNA sequence #7g

n1991 alignment

1: subgenomic RNA leader sequence 171 bp.

2: genomic RNA sequence 113 bp.



ANANUIN A
NAN1IMTIANT genomic RNA Lag subgenomic RNA leader A28733 real time gRT-PCR
vosythelsaRnelisa COVID-19

HAN13M5IINT genomic RNA 309 Uleviinelay 1

0.20-
.0.15
o
5
=
£0.10
(=]
=
0.05
Threshold
0.00
5 10 15 20
Cycle
No. | Color Name Type Ct Calc (copies/ul)
1 | I | Pcsenomic 1*105 Standard 28.04 1.00E+05
2 water Negative control
5 | 512011912-g Unknown 2253 2.17E+06
A | 512012109-¢ Unknown 2271 1.97E+06
5 512012284-g Unknown 27.99 1.03E+05
7 | 512012577-g Unknown 35.43 1.63E+03
8 S12012645-¢ Unknown
9 . SI12012781-¢ Unknown
w0 | M 512012844-g Unknown




NAN137MTI9%1 subgenomic RNA leader suaa@:ﬂ'swmal,asu 1

0.15
=
20.10-
=
E
(=]
=

0.05 1

Threshold e /
0.00 { e - — A e
5 10 15 20 2'5 30 35 40 45
Cycle

No. Color Name Type Ct Calc (copies/ul)
11 . PC subgenomic 1*10 3 Standard 34.10 1.00E+03
12 . water Negative control
13 SI2011912-s¢ Unknown 31.76 4.10E+03
14 S12012109-s¢ Unknown 30.71 7.75E+03
15 512012284-sg Unknown 37.91 1.00E+02
17 . SI2012577-s¢ Unknown
18 512012645-s¢g Unknown
19 S12012781-s¢ Unknown
20 . S12012844-sg Unknown
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HAN13MTIINT genomic RNA vasgUieninglay 2

0.20
.0.15
g
3
[V
£0.10 1
£ ,
Z g Iy
0.05 1 PR/ .
0.00 -gﬁjﬂ;—g/“ = i’ -’/4-/-/
5 10 15 25 30 40 45
Cycle
No. | Color Name Type Ct Calc (copies/ul)
1 | N PC 1%10A4 g Standard 31.92 1.00E+04
2 | R 51208678-g Unknown 26.77 1.76E+05
N | 512010355-g Unknown 2961 3.63E+04
s | B 512010525 Unknown 26.46 2.10E+05
5 | W 512010954-g Unknown 28.82 5.64E+04
6 S12011146-¢g Unknown 35.61 1.28E+03
7 | W 512011256-g Unknown 32.24 8.35E403
s | B 512011366- Unknown 3527 1556403
o | 512011595-g Unknown 35.56 131E+03
0| B 512012973-g Unknown 37.64 4.12E402
11 S12012471-¢ Unknown 35.75 1.18E+03
12 512011762-g Unknown 35.26 1.55E+03
13 S12013206-¢ Unknown
14 S12013290-¢ Unknown
15 . SI12013365-¢ Unknown
16 512013389-¢ Unknown
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NANIIMIINT subgenomic RNA leader ¥asntlienuneLay 2

0.20
0.15

o

So0.10

e

£

(=]

=
0.05 1

Threshold
0.00 ==
5 110 15 20 215
Cycle

No. Color Name Type Ct Calc (copies/ul)
1 . PC 1*10/\4-sg Standard 30.75 1.00E+04
2 SI208678-s¢ Unknown 30.50 1.16E+04
3 . water Negative control
a4 . S12010525-sg Unknown 34.72 9.09E+02
5 S12010954-s¢g Unknown 37.71 1.49E+02
6 . S12010355-sg Unknown 33.88 1.51E+03
7 S12011146-sg Unknown 36.02 4.14E+02
8 ] 512011256-5¢ Unknown
9 . SI12011366-sg Unknown 41.39 = Neg 1.62E+01
10 B 512011595-s¢ Unknown
11 . SI2011762-s¢g Unknown
12 S12012471-sg Unknown
13 S12012973-s¢g Unknown
14 S12013206-sg Unknown
15 S12013290-s¢ Unknown
16 . SI12013365-s¢ Unknown
17 S12013389-sg Unknown
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HAN13MTIINT genomic RNA vasiUevinglay 3

0.20

e
—
wn

e

-

o
Il

Norm. Fluoro.

10 15 20 30 40 45
Cycle
No. | Color Name Type Ct Calc (copies/ul)

1 . S11204839-¢ Unknown 14.96 5.62E+07
2 S11207489-¢ Unknown 23.53 4.70E+05
3 . S11208822-¢g Unknown 27.15 6.25E+04
a4 . SI112010275-¢g Unknown 26.86 7.37E+04
5 S112010417-¢g Unknown 27.89 4.13E+04
6 . SI112010553-¢ Unknown 34.84 8.57E+02
7| $112010660-¢ Unknown 30.72 8.53E+03
8 . SI112010966-¢ Unknown 34.56 1.00E+03
9 . SI112011113-¢g Unknown 30.66 8.85E+03
o | S112011368-¢ Unknown 31.41 5.83E+03
11 . SI112011523-¢g Unknown 36.72 3.01E+02
12 S112011600-¢g Unknown 28.27 3.34E+04
13 SI12011717-¢g Unknown 30.98 7.39E+03
14 SI112011911-¢g Unknown 30.12 1.20E+04
15 SI112012112-¢g Unknown

16 . SI112012287-¢g Unknown

17 SI112012576-¢g Unknown
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NAN137MTI9%1 subgenomic RNA leader suaaﬂﬂ';wmal,asu 3

0.15

g 0.10

e

E

20.05

| Threshold
0.00 [ e
T 0 = 2w = w s
Cycle

No. | Color Name Type Ct Calc (copies/ul)
1 . water Negative control
2 S1204839-sg Unknown 22.64 3.22E+06
3 . SI1207489-sg Unknown 32.20 1.00E+04
4 . 51208822-sg Unknown 34.72 2.18E+03
5 S12010275-sg Unknown 36.92 5.77E+02
6 . S12010417-sg Unknown 37.66 3.69E+02
7 . S12010553-s¢ Unknown 37.63 3.76E+02
8 SI12010660-sg Unknown 38.62 2.07E+02
o | B 512010966-5¢ Unknown | 43.52 =Neg 1.07E+01
10 . SI12011113-sg Unknown 39.57 =Neg 1.17E+02
11 . SI12011368-sg Unknown 40.62 =Neg 6.17E+01
2| B 512011523-s¢ Unknown
13 S12011600-sg Unknown
14 SI12011717-sg Unknown 39.84 =Neg 9.88E+01
15 S12011911-s¢g Unknown 40.54 =Neg 6.47E+01
16 S12012112-sg Unknown
17 . S12012287-s¢g Unknown
18 S12012576-s¢ Unknown
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HAN13MSIINT genomic RNA vasiUlevisneiay 4

0.20 1
0.15 4

o

g

o

£ 0.10 4

(=]

=
0.05

Threshold 2 g// =
S 10 15 20 25
Cycle

No. | Color Name Type Ct Calc (copies/ul)
1 . S1205459-g Unknown 31.65 3.36E+03
2 SI1207594-g Unknown 32.70 1.87E+03
3 . SI208677-g Unknown 32.20 2.47E+03
4 . S12010006-¢g Unknown 30.61 5.98E+03
5 S12010356-g Unknown 32.43 2.17E+03
6 . S12010524-¢ Unknown
7 . S12010784-g Unknown
8 S12010953-¢ Unknown
9 . SI2011112-¢ Unknown
10 . genomic PC 1*10 4 Standard 29.69 1.00E+04
11 . water Negative control
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NAN137MTI9%1 subgenomic RNA leader suaaﬂﬂ';wmal,asu 4

0.20

0.15

o

—_

(=]
I

Norm. Fluoro.

e

=)

on
"

Threshold

0.00 -?T—
S

35

10 15 20 25 30 40 45
Cycle
No. | Color Name Type Ct Calc (copies/ul)
18 . PC 1*10M\d-sg Standard 30.75 1.00E+04
19 water Negative control
20 . S1205459-sg Unknown 34.86 8.37E+02
21 . SI1208677-sg Unknown 35.82 4.67E+02
22 . SI1207594-sg Unknown 38.47 9.42E+01
23 . S12010006-s¢ Unknown 39.57 4.85E+01
24 . SI12010356-s¢ Unknown
25 . S12010524-s¢g Unknown
26 . S12010784-sg Unknown
27 . S12010953-sg Unknown
28 SI2011112-sg Unknown
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HAN13MTIINT genomic RNA Y09 U3eviinelay 5

0.25

0.20
_§ 0.15
w
5 0.10
0.05 | a / e '
/ / .
000 fpmesholdl e |
5 10 15 20 25 30 35 40 s |
Cycle |
No. | Color Name Type Ct Calc (copies/ul)
1| R 512013107-¢ Unknown
2 . S12013048-¢g Unknown 41.98 =Neg 2.41E+01
3 S12010069-¢g Unknown 19.29 7.54E+06
4 . S12010403-¢g Unknown 16.80 3.02E+07
5 . S12010576-¢g Unknown 2291 1.00E+06
6 S12010893-¢ Unknown 28.83 3.69E+04
7 . S12010982-¢ Unknown 27.21 9.07E+04
8 . S12011182-¢g Unknown 29.67 2.31E+04
9 . S12011287-¢ Unknown 29.25 2.91E+04
10 . S12011520-¢ Unknown 32.11 5.89E+03
11 S12011599-¢g Unknown 35.34 9.73E+02
12 SI12011714-¢ Unknown 32.18 5.69E+03
13 S12012789-¢ Unknown
14 SI12012611-¢ Unknown 38.72 1.48E+02




NAN137MTI9%1 subgenomic RNA leader suaaﬂﬂ';wmal,asu 5

0.20

0.15

Norm. Fluoro.
e
—
[=]

0.0S

Threshold
0.00

Y Y Y

5 10 15 20 25 30 35 40 4as
Cycle
No. | Color Name Type Ct Calc (copies/ul)
19 S512013107-sg Unknown
20 | B 512013048-s¢ Unknown
21 . S12010069-s¢ Unknown 25.83 2.712E+05
2 | B 512010403-5¢ Unknown 24.33 6.73E+05
23 . SI12010576-s¢ Unknown 29.15 3.65E+04
24 . S12011287-sg Unknown 39.74 6.09E+01
25 . S12010982-sg Standard 35.11 1.00E+03
26 . S12011182-sg Unknown 38.14 1.60E+02
27 . S12010893-s¢ Unknown 36.93 3.33E+02
28 S12011520-sg Unknown 44.45 =Neg 3.55E+00
29 S12011599-s¢ Unknown
30 . S12011714-sg Unknown 40.13 =Neg 4.82E+01
31 . S12012789-s¢ Unknown
32 . S12012611-sg Unknown
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HAN13MSIINT genomic RNA 309U3eviinelay 6

0.25
0.20

o

5 0.15

=

=

€

2 0.10
0.05

Thresholﬂ
0.00 -foms
5 10 15 20 25 30 35 40 45
Cycle

No. | Color Name Type Ct Calc (copies/ul)
1 . genomic PC 1*10 4 Standard 31.36 1.00E+04
2 S12010406-¢ Unknown 29.70 2.52E+04
5 | 512010717-g Unknown 24.33 5.05E+05
4 . S12010822-¢g Unknown 29.15 3.44E+04
5 SI12011001-¢ Unknown 29.02 3.69E+04
¢ | N 512011558-g Unknown 34.69 1.56E+03
7 . S12012140-¢ Unknown
8 512012329-¢ Unknown
9 . DW Negative control

65



NAN137MTI9%1 subgenomic RNA leader suaaﬂﬂ';wmal,asu 6

/'/'f

0.15

g

So0.10

e

e

(=]

=
0.05
0.00 | _——

10 15 20 25 30 35 40 45
Cycle

No. | Color Name Type Ct Calc (copies/ul)
10 | B | subgenomic PC1*104 |  Standard 33.42 1.00E+04
11 . S12010406-sg Unknown 37.02 1.14E+03
12 . S12010717-sg Unknown 33.40 1.01E+04
13 S12010822-sg Unknown 38.27 2.91E+02
14 S12011001-sg Unknown 37.80 1.63E+03
15 S12011558-s¢ Unknown
16 S12012140-sg Unknown
17 . S12012329-sg Unknown
18 DW Negative control
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55 Threshold| :_j____/_ ____,:.___

5 10 15 20 25 30 35 40 45
Cycle

No. | Color Name Type Ct Calc (copies/ul)
1 . S12011649-¢g Unknown 17.35 1.58E+07
2 512012504-¢g Unknown 24.21 3.46E+05
3 . S12012991-¢ Unknown 26.40 1.02E+05
4 . S12013224-¢g Unknown 33.03 2.52E+03
5 S12013294-¢ Unknown 32.18 4.05E+03
6 . S12013369-¢ Unknown 25.24 1.94E+05
7 . S12013557-¢ Unknown 42.53 = Neg 1.26E+01
8 SI2013711-¢ Unknown

9 . SI12013787-¢ Unknown

10 . DW Negative control

11 . genomic PC 1*10 4 Standard 29.80 1.53E+04
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A
Cycle

No. | Color Name Type Ct Calc (copies/ul)

12 . S12011649-sg Unknown 23.89 4.14E+05

13 S12012504-s¢ Unknown 31.57 5.70E+03

14 S12012991-sg Unknown 35.60 6.00E+02

15 S12013224-sg Unknown 42.24 =Neg 1.48E+01

16 512013294-s¢ Unknown

17 . S12013369-sg Unknown 33.72 1.72E+03

18 S12013557-s¢ Unknown

19 SI2013711-s¢ Unknown

20 . SI12013787-s¢ Unknown

21 . DW Negative control

22 . subgenomic PC 1*10 3 Standard 34.11 1.38E+03
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0.25-
0.20
o 0.15
s
i
£0.10 -
(=]
=
0.05
0.00 -;_hr-es“i‘dl
é 110
Cycle
No. | Color Name Type Ct Calc (copies/ul)
1| PC 1*10 4-g Standard 31.88 1.00E+04
2| 512012803-g Unknown 18.29 1.96E+07
5 | 512012841-g Unknown 17.33 3356407
4 S12012974-¢g Unknown 2595 2.74E+05
5 | N 512013064-g Unknown 21.29 3.69E+06
s | M 512013205- Unknown 31.62 1.16E+04
7 S12013273-¢g Unknown 32.11 8.78E+03
s | M 512013350-g Unknown 38,68 2.25E+02
o | W 512013385-g Unknown 35.70 1.19E+03
0| 512013542-g Unknown 37.61 4.08E+02
11| B 512013739-g Unknown 28.84 5.44E+04
2| B S12013677-g Unknown
13 . S12013881-¢ Unknown
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0.00 —— —_E__‘RT__
5 10 15 20 25
Cycle
No. | Color Name Type Ct Calc. (copies/ul)
15 PC 1*10 3-sg Standard 34.41 1.00E+03
16 | 512012803-sg Unknown 2734 7.13E404
17 S12012841-sg Unknown 26.51 1.18E+05
18 SI12012974-sg Unknown 36.27 3.24E+02
19 | [l 512013064-5¢ Unknown 30.97 7.99E+03
20 . S12013205-sg Unknown
21 . S12013273-sg Unknown 44.94 =Neg 1.72E+00
22 . S12013350-sg Unknown
23 . S12013385-s¢ Unknown
2 | i S12013542-sg Unknown
25 . SI12013739-sg Unknown 38.45 8.68E+01
26 . SI12013677-sg Unknown
27 S12013881-s¢g Unknown
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0.00 ,Es_h?'dl : ———
5 10 15 20
No. | Color Name Type Ct Calc. (copies/ul)
1 . genomic PC 1*10 4 Standard 31.74 1.00E+04
2 S12011180-¢g Unknown 21.17 3.65E+06
3 . SI12011522-¢g Unknown 25.60 3.08E+05
a4 . SI12011597-¢ Unknown 26.29 2.09E+05
5 S12011715-¢ Unknown 25.44 3.37E+05
6 . SI2012111-¢ Unknown 34.44 2.23E+03
7 . 512012470-g Unknown 29.15 4.24E+04
8 S12013688-¢ Unknown 37.78=Neg 3.45E+02
9 . S12013288-¢ Unknown 35.10 1.53E+03
10 . S12012772-¢g Unknown 34.77 1.84E+03
11 . S12013748-¢ Unknown
12 . Dw Negative control
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é 110 115 210 2X5 4XO 4T5
Cycle

No. | Color Name Type Ct Calc. (copies/ul)
13 . subgenomis PC 1*10 3 Standard 34.69 1.00E+03
14 512011180-sg Unknown 33.77 1.74E+03
15 SI12011522-sg Unknown 36.14 4.17E+02
16 SI12011597-sg Unknown 36.17 4.09E+02
17 S12011715-s¢g Unknown 35.26 7.10E+02
18 . SI2012111-sg Unknown 35.07 7.96E+02
19 512012470-sg Unknown

20 SI2012772-s¢ Unknown 37.42 1.93E+02
21 . S12013288-s¢ Unknown

22 . S12013688-s¢ Unknown

23 . S12013748-¢ Unknown

24 . DW Negative control
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5 10 15 20 25 30 35 40 45
Cycle

No. | Color Name Type Ct Calc. (copies/ul)
1 . genomic PC 1*10 Standard 35.40 1.00E+03
2 S12013554-¢ Unknown
3 . S12013289-¢g Unknown 37.74 2.70E+02
q . SI12013679-¢ Unknown
5 S512011529-¢ Unknown 26.27 1.62E+05
6 . S12011596-¢ Unknown 3376 2.48E+03
7| W S12011716-g Unknown 31.85 7.28E+03
8 S12012985-¢ Unknown 35.36 1.02E+03
9 . S12012782-¢ Unknown 29.57 2.58E+04
0| N S12012575-g Unknown 19.56 6.85E+06
11 . S12012288-¢ Unknown 28.10 5.84E+04
2| B 512011976 Unknown 31.16 1.06E+04
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Cycle
No. | Color Name Type Ct Calc. (copies/ul)
13 S12011529-s¢ Unknown 32.35 4.85E+03
14 SI12011976-s¢ Unknown 38.64 1.09E+02
15 . S12012985-s¢ Unknown
16 S12013289-sg Unknown
17 S12012782-s¢g Unknown 34.96 1.00E+03
18 . SI2011716-sg Unknown 38.99 8.76E+01
19 . S12013554-s¢g Unknown 43.47 =Neg 5.85E+00
20 . SI2013679-s¢ Unknown
21 . S12012575-s¢ Unknown 27.89 7.19E+04
22 . S12012288-s¢ Unknown 34.27 1.52E+03
23 . S12011596-s¢ Unknown 40.59 =Neg 3.34E+01
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