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B A A
F749)

AT 1

AqEAE 3 e AEWE 49 FEULEE AER o]Fof A1 J9& ETEHE SARS-CoV-2 mlo]g 2~ 5oy
7Fo] = RNA.

AT 2

AT 1ol dolA, 7] All G2 SARS-CoV-2 Hbel#] 9] Orflab 87 H= S Frizte] Solxor Ag}s}
7

ATE 3

A Lol oA, 7] AL geje) 5 BeEoRRE F2Z(loop) TEE YA wRAKEHE AdS 28
= A2 d9s 2= AJ 7Fol= RNA

T34

A7 39 QlojA, A A2 99 IS 59 FEYLEE AR o]Folzl Al slo]= RNA.
AT 5

A7 1o YolAl. A7) Al A 30 WrhozHE 1 HZUoE s WA 50 F2HoEEe A3 ddS T

A7 6
A3 50 ol A7) A3 FFLe AEHE 69 FEULEE IR o]Foj <l Jlo]= RNA.
A3 7

37 10 Yol lol= RNAE AGWE 1 EE GRS 29 HEALEE AGE olFod Eoid

e
deE =S E3ah= 291 7ho]= RNA.
378
ATE 19 Jhol= RNAE 2Yshes U EHEE XdetE ¥H.
7% 9

A8 1] 7Fo]l= RNAS Z3eE (OVID-19 kg A S,

A7 10

AT 19 7tol= RNA 2 AE g Z2HE ¥3eE (OVID-19 JTg 7|E .

ATE 11

ATE 100 dolA, BV TEEE ddrige EEwEdeHEE XEea AE7bsd AR 12A" A
7N E.

AT 12

AT 110 g, A7) AE7Hs3 A 3kekE B4, 54 EA, HAS FA, €3 %A/, 43 %4, 3}
Shaks) E A, FRET(fluorescence resonance energy transfer) A, &< FA|, TE o]l59 =3l A
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A3 13

A3 100 dojA], Cas(clustered regularly interspaced palindromic repeats— associated: CRISPR
associated) ZAE=, =d §-% ~EH(lateral flow strip), T& o]E59 %3S v Edsl= ZQ 7|E

AT 14

AT3F 139 QoA , A7) Cas ZENE == Cas9, Cpfl, C2cl, C2c2, C2¢3, Cas3, Cas5, Cas7, Cas8, CaslO,
xCas9, SpCas9-NG, Cas9 EW7] &4 (Cas9 nickase: Cas9 nickase), E243} Cas9(Deactivated Cas9: dCas9),
2 EotA 3} Cas9(destabilized Cas9: DD-Cas9) & o] FojA Fo2HE AeEw A<l 7|E.

AT 15

ANAL =2 AHE9]  Cas(clustered regularly interspaced palindromic repeats— associated: CRISPR
associated) ZE|FEI=9} A3k 19] 7lo]= RNAE 7}8lal &S QAFfH o) Mel= A,
=

AV

A7) TRBo ATE AE3Fo] SARS-CoV-2 HlolHAE AFsE dAIE E3sl= (OVID-19 IehS $98] SARS-

CoV-2 HfolH =5 HE3}H

AT 16

oL,

A7 159 oA, AMAS F=ZAT)E= GAlE GHALE A (reverse transcriptase) ] £A dlolA F EHE A
.

o

AT 17

o|\
el
>,
N
rlr
o)
L
rlr
off
rlo
ol\
I
i
4
rlr
ofy
i
fol
B
re
i)

ATE 1590 oA, ik HF-S-W (polymerase chain
7

reaction: PCR)S o] &3s= A<l W .
AT 18

A 179 dojM, T FEZHE RPA(recombinase polymerase amplification), LAMP(loop—-mediated
1sothermal amplification), SDA(strand displacement amplification), HDA(helicase-dependent
amplification), NASBA(nucleic acid sequence-based amplification), = o]E5¢] X3ghel Zel H,

A3 19

AT 150 Ao]A], SARS-CoV-2 Hpol#|~E FEsh= dAle 5% 5 (lateral flow) HE, % 4= 54,
stehig 54, T o]E9 =9l s s A U,

AT 20

Aa 1659 9ojA, SARS-CoV-2 Hfolel~E AEFde Al A7 WMeES W §%5 2E¥(lateral flow
strip)o] HAseE dAE E3eE 79 W,

e 4y

EFete ARt 227kl S 2019(COVID-19) Mg 245 B 7|E, 9 o5 o] &

F2Ynle] H 2A5-2019(COVID-19) &= T5 54 E5F7] 5o Z2Ynlo]elX 2(severe acute respiratory
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[0007]
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[0012]

[0013]

[0014]
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syndrome coronavirus 2: SARS-CoV-2)°l| <J&] == #AA Agholtt, o 3k 2019d0 T 3ol A
Ae WA F AAAA R Fabd 557 e Aot OVID-195 Zwshs E5 WHE AARE At
TdaA A4 WS (real-time reverse transcription polymerase chain reaction (rRT-PCR))o|t}. o] Zgt H-
W2 ARIF ®Eoly Zhel AlRE EFStY], tdd HReR 558 S5V AR HE&H F vk, A 4
= gigf FATRlA 2d ool €& & ATt

[

Ht, 2 H4FE UPEe BolwE ZH= SHERLOCK(Casl3), DETECTR(Casl2a), 3 Casl4-DETECTRE 23gh,
CRISPR-Cas 7]¥F DNA A& ZFo] /= gy, EgH, CRISPR IH7]ES o] &3 SARS-CoV-2 A& ol
Bud v Juh(MedRxiv "Rapid Detection of 2019 Novel Coronavirus SARS-CoV-2 Using a CRISPR-based
DETECTR Lateral Flow Assay" James P Broughton et al., March 10, 2020).

weba] |, COVID-19 Agte] A w 9 WA wS 34A7]7] 93, CRISPR-Cas 7]¥F DNA AZ WHo o]8¥ = A
JF3F 7}o]= RNA & °1vE— o] &3k WS e Havl .

grg ol g

sl = A

COVID-19 He& 91k Aqfg 7lo]= RNAE A|&-3gho).

COVID-19 AHe 3+ 21713k 7lo]= RNAS X33 AE 2 7|EE AFsit),

AT JhoE RUE o] §3he] COVID-198 Awshs P % ol $13) SARSCov-2 vlelel~E sk PES
T,

é

A2 HE 5
d FFE AAHUE 3 B AdHE 49 FRUQHE IR o] Foli Al FHS LTS SARS-CoV-2 Hie]
2] 5o|# slol= RNAZ A3},

gof "Ihel=(guide) RNA"E 1A VRS F3 FJ—# dlabs skl A et
ZYFEASEHEE "ttt 7] Trol= = % S
RNAE 7] ®2 siAbel A PAM] 5' ®FgF T 3 ”3'—@:2

(o]3}, 'nt'g} )] FEALEE AET FrH

o] 10 nt WA 100 nt, 10 nt WA 90 nt, 10 nt WA 80 nt, 10 nt WA 70 nt, 10 nt WA 60 nt, 10 nt
WA 50 nt, 15 nt WA 50 nt, 20 nt WA 50 nt, 25 nt WA 50 nt, 30 nt WA 50 nt, 35 nt WA 50 nt,
40 nt WA 50 nt, == 45 nt WA 50 ntd 5 A

rr

7] 7tol= RNAw= A ik A dol Eo]x <l crRNA(CRISPR RNA)E 88 4 o) A7) 7Fel= RNAE #X
(loop) T-%E A3+ crRNA 2~HE=(scaffold) X tracrRNAS ETS & 9 Ab7] 7bol= RNAE Z&}
2n= WE EE o]y W d4HE Ad 5 ATt

471 7Fe]= RNA: RNA, DNA, PNA, T& o]59 X3S ¥3tst 4= t}. A7) 7lo]= RNAE sty oz wygs

A~
2 5 9

SARS-CoV-2(Severe acute respiratory syndrome coronavirus 2) HFo]gl2~E RNA AlES Z':= RNA
ol 224, Z2Ynlo]# 23} (Coronaviridae) WEFZZYnFo]# 2 (Betacoronavirus) ol &8k H}O]EV\ 1=
SARS-CoV-2 Hlolg] e FAZuufo]e] 273 5-2019(COVID-19) 2] B AA = A, SARS-CoV-2 Hlold~E 57 A+
M E HESI IE, F&, o, I5F, B AL HHE orlg 4 vk, SARS-CoV-2 wie]# X~
RNAE Orfla, Orflb, S(spike @M=& =9), E(envelope ©WZA HY), M(membrane ©¥z =:4), =
N(nucleocapsid ©¥d 519)e] FHAE =

SARS-CoV-2 H}o]#] 2 Eo]& 7}o]= RNAE SARS-CoV-2 Hlo]#{ 9] Hlo]#]2 RNA Hi= o]o] X2 Q1 DNAC] Ax.
Moz ARE & Ak,

W71 AL GAL A S T 4] AL G SRS oV u}olam Orflab 772 E= § §azpe] =
olHom ART 4 ok, A7 Al GAL Orflab A4 T S FAAe] FRA FRAoHE AU 4
21t}
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A7) A1 999 50 WO RZRE] FE(|gop) TRE HAFE FIEUQEE MAS waEE= A2 g ¥
g F Atk T2 FxE IAHse wEULHE AEe & (palindromic) AEY & Aok, A7) A2 dde
AW E 59 FEULEE AR o]Fo)F ZERIUE=Yd $ Ut

A7 Al 499 3 HdoeZ2RE 1 nt WA 50 nt, 1 nt WA 45 nt, 1 nt WA 40 nt, 1 nt WA 35 nt, 1
nt WA 35 nt, 1 nt WA 30 nt, 1 nt WA 25 nt, 1 nt WA 20 nt, 1 nt WA 15 nt, 1 nt WA 10 nt, 1
nt WA 9 nt, 2 nt WA 15 nt, 3 nt WA 15 nt, 4 nt WA 15 nt, 5 nt WA 15 nt, 6 nt WA 15 nt, 7 nt
WAl 15 nt, 8 nt WA 15 nt, TE 9 nt WA 15 nt9 A3 IS 2 = k. A A3 g
CRISPR/Cas EFHEI=C] A H9 Bol¥ g &S FAZ + vk, A7 A3 d9de $8d-3FF

B
(uridine-rich) @d7tet SawEdled=d & Aok, A7) A3 492 A%3te] 2 nt, 3 nt, 4 nt, 5 nt,
6 nt, 7 nt, 8 nt, 9 nt, = 10 nt ©]e] %E]?l S LFEALLE=(, 5'-U0-3" )& sttt o] xE3+ed
T AT A7) A3 F92 AT 69 wEUEHE AR o] Folxl EEwE

der=d 5 9.
2]

4r
Y
o
to
o
r
it
ke
%
sk
A

71 W= vtolel 2y WEY = otk A7) vpoly a4 WHE dEutele s #E e ofbde-w vlo]]

2 (adeno-associated viral: AAV)Y = Ath. 7] ¥E= @

(constitutive) = =4 (inducible) & WA 5 Slvk. 7] #E= 3714 A&, RRV(rev response
}_7(—]

A
element), WPRE($-=3 (woodchuck) 7+l wlolg]2e] HAALE 4 QA (posttranscriptional regulatory

element)), cPPT(central polypurine tract), Z2ZXE, AA A {2, 7o, 0411]1} T2A HE]
, BEE FdA, e olEY 2%E 2T %1 L7 ZREHE U6 ZYveAl 111 Z2R2H, A%

Fla Z2RH, 0l ZZEE, AloJEY
A AR AR FFEekoldl AR , 2

Ak, A7 A= HEZelEY eHHolHd g k. A7) dEH FAdA= 7 (Enhanced) A4
G dd s dsstele A LS 2T )

az
il
=
o,
fu
l>
[
il
td
)
o i
Ir
o,
|t
1o
*zf
o
r rug
kd
g
M%
BNy
30,
o o
N

off ¥ ot O (11

e A A Pl W sbol= RNAS TRl COVID-19 Hvhg A &S AlFd
’47] 7ke]= RNAE #eh wpeb ),

AR ubrbo] ] 22719 Z-2019(COVID-19) %= SARS-CoV-2 mEe]&] 2ol &
ks o] &7 F, 3, = Qo Hwozw HE
T

== h=4
AR, AW, BEES, AY, A, AFE, FE, 4Ys

7] A A%E wenh. CovID-19+
W ddd 5 vk, COVID-19+ 24,
pe|
=

J,:
{-o
el
l_,ﬂ
rl

T}E RS 9 kAo WE Jlo]= RNA ¥ HER T2 HE ¥ COVID-19 T8 7| EE A-&-3kt},

247] 7he]= RNA ¥ COVID-19+= <3 upe} 2},

A7 HEE T2BE (RISPR/ Cas ZEHEI=9] 8o 9d Boldoz dotd 34 diks HEE & vt
A7) Z2BE g EE(reporter) 2% B 4 vy, V] TEHE ddrige ZwEdoEEs X 4
=

A7) Z2BHE AEVMee X2 34" AL ¢ Udvh. V] HZEVFEE A= el dnk EE Ul
A3t ¢ Jdu. 7] AEVed 34= 384 24, 54 %X, YA B4, 8% 34, EF %X, et
4 ¥ A, FRET(fluorescence resonance energy transfer) XA, 5% A, B o592 &Y F A, A7)
st A= HeH®(biotin)¥ & ATk, AVl FF ZAE 6-7FE2EEHEZF S8 (6-carboxylfluorescein:

7
FAM), 5-7}2BAZF o # A2 (5-Carboxyfluorescein: 5-FAM), HIEZEZZ-6-7I2FA|ZF 2 dAl(trachloro-
6-carboxyfluorescein, TET), i 6-7}2HA]-X-Z T (6-carboxy-Xrhodamine, ROX)¥ 4= Ut}. FRET} 7o)

mlu
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o]F XA ¥ (dual-labelled) T 2HE ¥ A5l A (quencher)= dE 9], 6-7I25A-HEZHHE -2} (6-
carboxy-tetramethyl-rhodamine: TAMRA), 4 (DABCYL), £2& X (Black Hole Quencher: BHQ), ®leo|u 15
B ulely 15 (minor groove binder group: MGB)o]th.

A7 71E+= Cas ZYHEI=, S8 5 =~E¥(lateral flow strip), T olE9 Z2¥S ¢ 3+ 4 9},

oz

7] Cas(clustered regularly interspaced palindromic repeats—associated: CRISPR associated) Z2|FE|=
it o] 7teS sl dxirE ol (endouclease)d 5= k. 7] Cas Z2|E]=1= RNA-7}o]= DNA
T2 dlobAl (RNA guided DNA endonuclease)d < Uth. 7] Cas ZEHWHEE Cas ZEHHE 2 19
S B HolAE xgsit. A7) Cas ZYRE == 2EFHEITAHZ2 &(Streptococcus sp.), FHZHE
(Campylobacter sp.), #WA29de} Z(Legionella sp.), ulolAlglol & (Neisseria sp.), I2H--Ae}
(Pasteurella sp.), Z@AJAEF & (Francisella sp.), XX €2} 2 (Prevotella sp.), B =3 EfA|o}o
(Lachnospiraceae sp.)Co.& o]Fo]x Fo2RE Aeld AFdoz2HE Fdld wEdotAld & At

off & rr
o 1

)

7] Cas ZZFEI=+ Cas9, Cpfl(CaslZa), (C2cl, (C2c¢2, (2c3, Cas3, Cas5, Cas7, Cas8, Casl0, xCas9,
SpCas9-NG, Cas9 HW7]1& 4 (Cas9 nickase: Cas9 nickase), w2433} Cas9(Deactivated Cas9: dCas9), = &+
A3} Cas9(destabilized Cas9: DD-Cas9) & o] Folzx FozRE Aeld AL = gl A7) Cas ZFE =&
Cpfl¥d 4= Ak, 7] Cpfle 3} 7hol= RNAY| 3l Asxv dEwEdotAd 4 Ak, 7] Cpfle
tracrRNAZ} ZBeoglar, #4 e duste] H2 Uod(sticky end = cohesive) S AT 4 Aok, A7)
Cpf12 AY}52 dhAje]vrE (Candidatus Paceibacter), Bt =23 efAofel]l & (Lachnospiraceae sp.) &,
gEuBal e & (Butyrivibrio sp.), dHzzzlydtelglol < (Peregrinibacteria sp.), HAIZ=VH|=FHF2

(Acidominococcus sp.), ¥EE23Io]ZR 12 22 (Porphyromonas sp.), X B &2} 4 (Prevotella sp.), Z#A|
2} Z(Francisella sp.), ZYtFE2 wWEx=Zg2~v(Candidatus Methanoplasma), ¥ FubeE]$

(Eubacterium sp.)o=& o]Fojxl oAl Mulx= 3k oo fFald 4 Ak, 7] Cpfle Lachnospiraceae
bacterium ND2006 -2 Cpf1(LbCpf1)¥ < Uth.

oz o

71 &% 5 2E® (lateral flow strip)2 S 5 &AW (lateral flow assay)dl AMEE= 2EHS &
sioh, A7 S e BAHS BAES 2EH9] % o A, BEAd 3ol g £4E9] o]F A
gl zfololl o3 BAES A5 WY & Unk. AV S T BAEE 9 AR T 124 EZY &4
s A& 5 At

Pk S5 AbEel Cas ZEPE =9k A Fdoll wWE 7hol= RNAS 7hetal &8s ditHloldshs &

=
71 ZrBe] AEE HESO] SARS-CoV-2 Hhol|AE HEdhs 9AE 2k (O0VID-19 X3 98] SARS-

A7) Cas ZEFE =, 7to]= RNA, AE8 ZTEH | SARS-CoV-2 Hiole] 2, 2 COVID-19& H<dk vie} Z2r},

3 SH4]
A7) BEIA A RE OVID-199] AHAY 2 Aoz giHe MARNTH 59 Aad 5 Ak, 7] A
A E2ies, de 9, A, vhes, dE, & H#HXL AL &, A (ferret), fA2H, dwol,
FRldl, 94, B ageld ¢ Ak 7 A E3E AR FlE & AW @3E AR Aolel H
Aoz o= AL & o
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= RNAZE FF o & DNAZS A4 4 dvh. GHALEAE SARS-CoV-2 vlo]#| 2] Hlolg]2 RNAES FF o & o]d
AR A0 DNAS AT = o,

ES
AMALS ZEZXNIE GAE 58 22X we F3g s A 92 (polymerase chain reaction: PCR)E ©]
& PCR?

£o] "5& FTZFH(isothermal amplification)"& 443 g% 231 oA A FHS FZA7& PHS
st 7] T2 SFHLS RPA(recombinase polymerase amplification), LAMP(loop-mediated isothermal
amplification), SDA(strand displacement amplification), HDA(helicase-dependent amplification),
NASBA(nucleic acid sequence-based amplification), & ©o]&9 =Y = U},

A7) e WA FF ARl Cas BUREESE A Fol W JlolE RAZR Jbea EFBS Aol ek
SIS

A7) 23}ES didleldste dAle 14
(ribonucleoprotein: RNP) E3HAE HAIst=
4 ¢ ok A7 wEe A, A, A
Al DNAS] o]F7tee] Ay 3 R A
cohesive end)d <+ QUth. 7] WP x4 A4k Aot ‘3—4 A 79 9 =g
Atk Y ZHEFEALHES FHAY dd F90 ’élou]é}E AL Asd &4 e gk A & Urt.
A7) dEAd EA e ion)

repair: HDR)¥ < T},

]

SARS-CoV-2 Hlo]e] =& % %6}% o
o9 Xl 9 F3E ).

>m1

< % 2Ed(lateral flow strip)ol HA 3= G4
ES EAE @4 93l o]Fste], vkeE T dud =
DAYy ZrHE AESA AHE F SARS-CoV-2 Hlolg 29 EAES on|ek 4= Q).

yigel g7

COVID-19 Fe& 9k 2158 7kel= RNA, o8 XEFshE (OVID-19 A9g 2AE, 7|E, 2 og o &3
COVID-19 ek el w2, COVID-195 2 A3tk R Sol== w2l ks dwshed o&d & 3l

)

la @ = 1be 747 Orflab 334 2 S fdxto] st crRNAE A183 S 6 A& WHo=Z 53 o
T 2aF AEHE 29 S SARb tiEk crRNA 2 FF 2 ZEHE AFESl] S §A4% FAY Aoy AE A
=3 292 Yehile a2diZola, = 2bE AIHET 19 Orflab FAAkol] thdl crRNA 2 &34 g EHS AFES)
o] SARS-CoV-25 HES A¥E Yehls o)),

= AAISE7] 9]k FAE Q] &
AA A& Fsle] Bt dAsiA diyett. a8y, ol

A AAlellE s ool FAldE dAaAer A
g Aom el Wt ols Al A=

A Ale] 1. SARS-CoV-2 Hlolexe] AZE
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1. 9%A-RPA E3E 9 FH]

RPA(recombinase polymerase amplification) 532 $]3F RPA 7IE=Z TwistAmp Basic(TwistDx)E o]-&3}
ZF RS &, 6 peo] RPA &9 0.5 9] RPA ek xetoln], 0.5 we] RPA Ak Eﬂ‘ro]“ﬂ,
a2, 0.16 109 Rnase AalA, & 0.4 02 Nulcease X3 AAFZE &8sl npx
SARS-CoV-2 Al RNAS AW de|Ri2iy iestal, ol& FPo= ARSI, 385 100 749/ u(FA o
22, 10 749/, 2 10 A/ mR FEkn, o4 dETor F9¢ TP e ERES AR
FEE 1.3 we] F92 vpay EgEC] 7ttt

ol Zhshuba RPA
A8 HAUA S0 AR A B30l EA A
% Q % gl

SEECELEY

o] AlFE B R NMgOACE &
Foitk., 42TCelA 408 WA 50

Jt olo
[«0

2. LbCpfl RNP E3A o] A4

7} wke o 31.5 09 Nulcease B33t AHAAG, 4 po] 10X NEBuffer 2.1, 5 09 2 uM LbCpfl, % 5 w9 1
uM 7Fol= RNAS &3}3l3it).

AHEE ZFel= RNAS X9 2ol S e NEE thet 2
Orflab kel thek crRNA:

5" ~AAUUUCUACUAAGUGUAGAUAAAAUUACAGAAGAGGUUGG UUUUAUUU-3" (MY & 1)

S @Ak 3k crRNA:

5 ' ~AAUUUCUACUAAGUGUAGAUCAUAGAAGUUAUUUGACUCCUUUUAUUU-3" (M E & 2)

AGHE 1 9 294, #& ZHNE 17 fAQ Orflab 5 § FAxt| Eolf oz 485 crRNAY 49
olL(MEHZT 3 E 4), U= FA = crRNAY AAZ= (IS 5)o)ar, o8 FHA = CRISPR-Casl2a®] X
2 R A ass AT S FtE 49(HEWE 6)o]tk(Su Bin Moon et al., Nature
Communications (2018) 9:3651).

EFES 37CAA 308 L UdHleldsdt T, HAE X EH SFAN-ssDNA-H]QHEIZE HFT s% 1 pM=
7halsich. #HE H3AIE 4TolA Bk,

3. &% #5(lateral flow) A=

= % AES 93] Milenia hybridetect (TwistDx)E AF&-3s}9i ).

Aol 1.1 2 1.20] 71AE wksh o] FME, RT-RPA A&, Orflab 828 LbCpfl RNP B39} S f2l
& LbCpf1 RNPE AHE-3FL},

T8

ZF WS T, 3.5 ule] RT-RPA A&, 45.5 9] LbCpfl RNP, % 45 02] 1X NEBuffer 2.1E5 Z3}8l3itTh.
S 37CAA 308 B AUl 4
c

r}d'

oz

HE A2A EFE
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