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[ Abstract] Objective To establish a clustered regularly interspaced short palindromic repeats (CRISPR)/
CRISPR-associated proteins (CRISPR/Cas13a)-based detection method for hepatitis B virus covalently closed
circular DNA (HBV cccDNA). Methods After extracting the total DNA from the livers of 4 patients with hepatitis
B collected in Beijing You’an Hospital, Capital Medical University from June 2017 to October 2020, total DNA was
digested with Hind 111 endonuclease and plasmid-safe ATP-dependent DNase (PSAD), respectively; According to
the structural differences between relaxed circular DNA (rcDNA) and cccDNA, primers for specific amplification of
HBYV cccDNA were designed, and the products after digestion were subjected to rolling circle amplification (RCA)
and PCR amplification; And crRNA was screened to establish a new method for HBV cccDNA detection based on
CRISPR/Cas13a technology. Results Alpha-1 antitrypsin (A1AT) and hepatitis B virus surface antigen (HBsAg)

primers were used to amplify the double digested product to verify the existence of hepatitis B virus genome in the
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product; Using HBV cccDNA and HBV rcDNA primers to amplify the product after PSDA digestion, it was verified
that only HBV cccDNA exists in the product. The positive sample after RCA was used as a template for gradient

dilution, and then PCR amplification was performed and CRISPR/Cas13a detection was used after transcription.

The lower limit of detection was calculated to be 10 copies/pl. Conclusions A novel detection method of RCA-
PCR-CRISPR-Cas13a was established, which can detect HBV cccDNA with high sensitivity and high specificity,

and provide an effective monitoring method for the evaluation of antiviral therapy of hepatitis B patients, the

determination of treatment endpoints, and the adjustment of treatment plans.

[ Key words] Hepatitis B virus; Covalently closed circular, deoxyribonucleic acid; Clustered regularly

interspaced short palindromic repeats (CRISPR)/CRISPR-associated proteins; Droplet digital polymerase

chain reaction; Real-time quantitative PCR
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Hind I} )EE1 pl, 10x NEB Buffer 5 ul. #DNA
10 ul. DEPC/K34 ul, SEARFINS50 pl. %k
f: 37 C/K¥#60 min. $:3 FHPSADBEHEATIH L.
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HBV cccDNA-F GGGGCGCACCTCTCTTTA
HBV cccDNA-R AGGCACAGCTTGGAGGC

HBYV cccDNA-probe TCACCTCTGCCTAATCATCTC

B-actin-F ACTGTGCCCATCTACGAGG
B-actin-R CAGGCAGCTCGTAGCTCTT
B-actin-probe CGGGAAATCGTGCGTGAC

HBYV rcDNA-F GTTGCCCGTTTGTCCTCTAATTC
HBV rcDNA-R GGAGGGATACATAGAGGTTCCTTGA
A1AT-F TTCCCTGGTCTGAATGTGTG
Al1AT-R ACTGTCCCAGGTCAGTGGTG
HBsAg-F TCACAATACCGCAGAGTC
HBsAg-R ACATCCAGCGATAACCAG

R1 ACCTATTCTCCTCCC

R2 ATGCAACTTTTTCAC

R3 GGCCCACATATTGT

R4 AATCCTCACAATACC

RS CTAGCAGAGCTTGGT

R6 CCTTTGTCCAAGGGC

R7 TAGAAGAAGAACTCC

R8 CCTATGGGAGTGGGC
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¥ (10 pmol/L) 0.5 pl. FiFF5I4 (10 pmol/L)
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T7-crRNA-F TAATACGACTCACTATAGGGGATTTAGACTACCCCAA
HBV-1-crRNA GGGGATTTAGACTACCCCAAAAACGAAGGGGACTAAAAC TCACCTCTGCCTAATCATCTCTTGTTCA
HBV-1IR TGAACAAGAGATGATTAGGC
HBV-2-crRNA GGGGATTTAGACTACCCCAAAAACGAAGGGGACTAAAAC
AACTTTTTCACCTCTGCCTAATCATCTC
HBV-2R GAGATGATTAGGCAGAGGTG
HBV-3-crRNA GGGGATTTAGACTACCCCAAAAACGAAGGGGACTAAAAC TTTTCACCTCTGCCTAATCATCTCTTGT

HBV-3R ACAAGAGATGATTAGGCAGA
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RCAJ 145 [JHBV cccDNAJK E 95.12 x 104 Il /ul.

F.. crRNAMITF %

FIH CRISPR-Cas 1 3af il 7 2 i 126 A6 Wl 25 2
A erRNA . W 7FR, fEAZI60 minky,
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6 2000 RFUIZE R LS %E L. BuZ kMR
o HBR A103% Dl/ule AR HF 58 8257 T RCA-PCR-
CRISPR-Cas13ak& il /7%

7E: HBV cccDNAB| W 8 X E B G 1074, HILT 8
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BAFEABEATIRE F S5
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VE: FEALI60 minkt, crRNA3K) 5 H6AE

e B NcrRNAK AT 3IRE S

E7 crRNAFIfE

IE: A: CRISPR-Casl3aRGuAa Il b EMFERTHBY cccDNAKEA; B: AKI7E30 minif $IBRTS STO6E. BB RIKREH#ITIRESR

8 CRISPR-casl3aZ 4 tia |

e . P<0.05. 7. P<<0.01, ™: P <0.001)
IR

HBVEEW K 71 T £ B & B3 5O I
o, M HEENFA MRS, 2 1E A0 A i s A
K5, JEHircDNA, ##ErcDNAE A4+,
TEDNA K & B AL #0554 B8 1 7 A R TR BCHBV
cceDNA" S Hil, AR Xt FHBVIE YL [ $T
WEEIAIT R REABIIHIER, A REARIE R
HBV cccDNAZERNAJG 8 & U, SEUREEDT
JRtnHBeAgMIHBsAg UL & AR T 1™ 42 . Rl
AHRUMHBY cccDNA A 75 #7238 B e LU 48 18 %
BITRCR P EEF B, HATRHBY cccDNA)J7
124 Southern blotEJZF 4238 . SEH} 2% )% 7€ & PCR.,
HPCRANFFPCREG 7L, 174 RABE F4E
SRR BESBRED . TEREESMRA
R p A — L, SR R AR A AR
AT 0 A AE B R B B AV B, IR
Hind TN YVIBEAPSADXE Y], /o4t AIATHI
HBsAg5 |4 14, IAF THBVIER A A KRG

STPSADEF V) I J5 cccNDAFIre DNAR Y 38, I&F T
reDNAYE 5E 475 R, B FeceDNA. o0kl T4
WFFXTHBY cceDNAFS I FL A 45 i R S 2

7620164, CRISPR-Casl3aZ4i# kI E A%
FRA I T e . AbudayyehZ%P2 % I Cas13aRE i 45 5t
PESE A D) E BERNA, FHAEV)E G IREFE 1, 4k
A E| AR SEFRRNA, X PR RR N
IR o Z &I RN RAWF K, CRISPR-
Casl3aRGuH F TR R, BHEAEE. &R
Joi 15 A B I B 1 A 2 B IR AR, FLRR Ik B
i 356 ] JBE IR S PO S A R 22 AR R
FICRISPR-Cas13a%5 & RCAFIPCREE A, @it it
FG 30 7 A 57 MEcrRNA, - KR 3T 7RG ) 3R B
%, f#HBV cccDNA IR T ERIAZ] 110 $5 Dl/pl,
It4h, CRISPR-Casl3a R GRS 6] 46, RUAS
%, 5 THAME, N HBV cccDNA I AR K I 2
BERTAT T &

zr b, AW T RCA-PCR-CRISPR-
Cas13at&llHBV cccDNAI V%, feis mts it
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