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Establishment of RAA-CRISPR/Cas12a-LFD-based visual detection technology of
Pseudocryphonectria elaeocarpicola

Huang Can' Wu Haoyu' Xiong Dianguang' Huang Huayi® Tian Chengming'
(1. School of Forestry, Beijing Forestry University, Beijing 100083, China;
2. Guangdong Academy of Forestry, Guangzhou 510520, Guangdong, China)

Abstract: [Objective] Elaeocarpus spp. stem blight is a newly discovered branch disease on Elaeocarpus
spp. caused by Pseudocryphonectria elaeocarpicola, for which research is still in its infancy and lacks
effective prevention and control measures. This paper aims to establish a rapid and visualized method for the
detection of P. elaeocarpicola, which provides an important technical support for the early monitoring and
early warning of the disease. [Method] In this study, we utilized PsGtil gene of P. elaeocarpicola as a
target, specifically amplified the target gene by recombinase aided amplification (RAA) reaction, and cut the
target and fluorescent probe by CRISPR/Casl2a system, and finally visualized the detection of P.
elaeocarpicola by lateral flow dipstick (LFD). [Result] (1) In this study, the optimal primer pairs for the
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RAA amplification reaction of PsGtil gene of P. elaeocarpicola were screened and obtained. (2) The

CRISPR/Casl2a reaction system worked best when Casl2a and CrRNA concentration ratios were
1 and 0.125 pumol/L, respectively. (3) A RAA-CRISPR/Casl2a-LFD visualization detection system was

established, which can realize the rapid detection of P. elaeocarpicola under the reaction condition of

constant temperature at 37 °C, and the sensitivity of detection was 50 fg/uL (gDNA as template) and
20 pg/uL (PsGtil T-vector as template), respectively. [Conclusion] The RAA-CRISPR/Casl2a-LFD

detection system for P. elaeocarpicola established in this study has the advantages of easy-to-reach reaction

temperature, high specificity, high sensitivity and ease of operation, which makes it suitable for carrying out

the detection of P. elacocarpicola in the field or in scenarios lacking laboratory testing equipment.
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FEHEPE I A& AL TE & (Elaeocarpus )TEY) 138 & B
f) — Ff A 35 ™ AT F, R T R R TR A A
50, N AT O R A BT, AR O B 1A
Je& R W 4 FR o Huang 55UV 3 A ERVE U 43 7
B, T AR R TR D A o A R B R 5E TR
(Pseudocryphonectria elaeocarpicola) (T8 FK: F1 J&
D, HJE T A 78 52 B (Cryphonectriaceae) f T
JEHT AL . B A SRFE R 2 M 5| E AR A YA
2 it (A L B, A N S e B s A T b
5 K INAE FEW (Castanea spp ) Ik = AL T, T 4F
K, KB AE ] AR HE X [ 9 i AL 9 (Elaeocarpus
apiculatus) 1 7K 45 ¥ (Elaeocarpus hainanensis) %5 ft
Yy bR R AR, TN TS g M X R G 3R 0A F
80% LA b, MiFEAIE F| 15.38% ~ 62.50%, &K T ™
H AR FOWMZ G i T A S g K H
I3 JEL R R BIE ST TS Ak T RS A2 B B, i Bk Z A U B R
FRB ., H b7 2 4t it S B AR N A B
BT RE, W B 2 B BRI R S i AL 2 2 7
o SR, U F MR T2 F AR,
IECHE STNE S E I B L R e o S (Y T
B S AT PCR 141 ITS. LSU. tefl F
rpb2 FER P B 73 1 R 4857 03 M, (HIX 8735
WT S G = AR B8 S ok, P IR B HFE I
Ko R, @ —MPus ., R, & R SR Rk D
R oRIE S NP e i e T O AR N T 9 3 o=t i
R HEE T .

BT, 50 R ATk 2 T S = A
K] PCR ™ HE 5 R, Nt R A% 4 PCR AR, 1K
7 A 4K A5 14 4 18 kS U (nuclear acid sequence-based
amplification, NASBA) & # 4 fiF # Bh ¥ 1%
(recombinase aided amplification, RAA) ZEH AR CAIE
W TR ST, B RAA BEARFIEE T CRISPR/
Casl12a 1K R B IR A I EEA, Dy [ B A0 bR Aar
FEAt T R, B A AEARIA) SRR R e 58 O

JREE I IA R . RAA iR T H E LA, RaEds A
H A DNA RABGIESIR KM (37 ~ 42 COFAT
IR S R, 7T DATE & A T2 50 = A3 & 1
R BEATAS I . CRISPR/Cas % 4t 42 41 B Al i 4 1
U3 A7 AE IR S B R 48, F T34 DNA A
2, FEFE CRISPR 74155 CAS(CRISPR associate
system) P & 73 1o Hod, HE BRI A CRISPR/
Cas9. CRISPR/Cas12. CRISPR/Cas13 Z:£%;. Casl2a
HH, X4 Cpfl, 2R K IH)—RZR N V),
7t CrRNA 151 F ', Re V) &4 A 55 € 7 51 (5" -
TTTV-3', VA A/C/G)H] W HE DNA(dsDNA)P,
Y Cas12a & H VI D) REH OS5, 2 V1% BT
AE 4y M B DNA(ssDNA) . JEF CRISPR/Casl2a
X4, BN GO e 0 R A A I 1)
HOLMES F1# ERA/RAA 5 CRISPR/Casl2a H 4%
A1 DETECTR A&, 2 MA. T RAA
RN BE AN Cas12a A% B8 P9 1) B 1Y 1A Ui B2 AH 3
(37 C), L8 A 72 % RAA FI CRISPR/Cas12a
FER GGl I, OB & 1Al A R 50 Ay
PEIT, B RAA S B T 1E B4 3 3R 15 K & 1) S8 A
J¥ %1, CRISPR/Cas12a 4 & H1[#) CrRNA H T : ] #
Fr 7 51 91 51 3 Cas12a ¢ 53 1% [ U1 #) dsDNA, MM
BoE Cas12a B R YIRITEYE, 5801 % H6hr id A
£ ssDNA # ) B M 1T 2 55 5% et it B2,y 7 d
RO &5 S DR f7 BRI S, I AR SRR T R TR
P M) 17 98 X 4K 2% (lateral flow dipstick, LFD) [ v
JFH #5 Bh S BRI 45 SR i s o] WAk, JF HL&5 & LFD
(100 7 2 T DR Ot R S W 5 5% 114 4 36 A T i B AT 11
FEHLRS U4, H BT, RAA-CRISPR/Casl2a 5 LFD 45
A O Z N TR0 g0 B AN 2 U2 TR
B Ath 2B A (A WY, T T iR A S v
b T TR B

AT LA T 1 Gil/Pac2 Z% % #% S I8 1
PsGtil A 8L R, BT HE M RAA T 38 519, IF
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454 CRISPR/Casl2a 14 5, #4 1 A 5% 9% 95 BT 11
RAA-CRISPR/Cas12a £ Ml 74 5 o 4y A A6 i 25 2R 5
NEMW, #F— DKz RYE LFD 44, Wi T
T g T IR PR AT AR Ak A W A4 & (RAA-CRISPR/
Cas12a-LFD). kil /7 ik BA Pl R B R 57
BRSO, & T B 55 5, XA S50 i
PR ARSI B B S

1 AR

1.1 #RELF

PR B R AL JEE0T B CFCC 57515, T R4
MR 2B AT B 2 e B BRI AT DR Bt o oAt A T
TR IR G5 R R M 0 AR S P 9 R (Cryphonectria
parasitica)s & ® JH (Colletotrichum
gloeosporioides, K H # M ). K Wi %
(Verticillium dahliae) 1 ¥ % J& 1% 9% B (Cytospora
chrysosperma) $5) FH AL MO R 22 R ORFF FRAR AR
I3 B S 56 = AR AT o 1L H R 85 1 (Gymnosporangium
yamadai) & 5 S 7 B0 R B, ORI AT B AR RS
FRANGAlAY,, R HH B A0 SR AR 52 M AR AT i I 52 B
P 1] gDNA.

FEAEE A i@ PCR 41X (Bio-Rad). LC96
%t %€ B PCR X (Bio-Rad)\ %8 4k %t i B & X -
nanodrop2000- i JI5 4 ¢ B DNA [ 7 & CR AR
AR A A R A F]D RN R & CRIRAE
PR A PR A 7] D RAA RZBR Y 3437 & (VL5
A oK EE R AR A R A A ). Casl2a (NEB),
Cas12/13 & AIRZBRAG MR 4K 2 (L & RE )
HARARAFDE.

AR B 75 51 AR AT B B A U E R A MR
3 A BR A HEAT & . PsGtil FE R 16 5] 4.
PsGtil [f] RAA ¥ 35 5], CrRNA 519 S 5%t 7 71
W 1.

1.2 HARAZE
1.2.1 % DNA #9423

TR TRE 5 T A FE R 41 gDNA SR 355@ ) CTAB
TEHEAT R, HORAET-20 °C UKARH & .

122 PsGtil KA BT AT Bkt

DA D5 2 9% B gDNA N AR AR, il PsGtil-
S5F Al PsGtil-3F 1E 9 51 ¥, 1@ 3% 38 PCR AL kAT
PCR 14, 15 BIFL L0 R 111 PsGril LR 2K fr
Bt o R BEIE BE B2 DNA (8] Wik 77 £ [m] Wi 4l 4k
PsGtil &K B G, ##: T-vector, JF Jifi 1% FH M 7
R, A1 5k /s 32 4K 71 & 2 HU PsGtil-T-vector Jii
¥i . F H nanodrop2000 Wl & 1 5% 9% 5 B gDNA LA
J PsGtil-T-vector JJi¥iik &, I LRAFT—20 C VK56
1.2.3  PsGtil A RAA 31449 s i

B 4, LL PsGtil-T-vector N 8 v, 7 7Bl & H
PsGtil-RAA1(PsRAASF + PsSRAA3F). PsGtil-RAA2
(PsSRAASF-2+PsRAA3F) 1 PsGtil-RAA3(PsSRAASF-3+
PSRAA3F-2)iX 3 X 5| ¥ 47 ¥ 1@ PCR 414, Jfidk
AT LKA, PLYPAY PsGril 3£ 3 %F RAA 3111
PR . B S, DARL S0 B gDNA VAR, F)
H RAA R Y #H &, 7 0 VE Al PsGtil-RAALL
PsGtil-RAA2 1 PsGtil-RAA3 I3 %05 . RAA ™
¥ J A R SRR D BRI RAA RS 370 &
Wi B AT .

532 2 AT B R B4R R IR IR A G, 43

® 1 AHRERABSIHIIRFIER

Tab. 1 Sequence information of primers or probes used in this study
2 F FF3 &
PsGtil-5F CACCAGCACCACTACCAT T PsGril 4 K
PsGtil-5F CCGTTCGTGGATCTTCCT 1575 bp
PsRAASF ACACCCTCCTCCTATGCGATGGCTCCTCTG PSRAA1 2| W%}
PsRAA3F CCGTTCGTGGATCTTCCTGGTCCCGACAAGTA 415 bp
2| r5t, Fits %
PSRAASF-2 CCTCGCTGACTTCCGCACCGTCTATGAATG 15213113?2 PR, Tl SPSRAASFRCNS
PsRAASF-3 ACGACACCCTCCTCCTATGCGATGGCTCCT PSRAA3E| )
PSRAA3F-2 GATCGTGCTGGCATTCATAGACGGTGCGGAAGT 295 bp
Ps-CrRNA1 UAAUUUCUACUAAGUGUAGAUGUCGAGCUCGCGGGCAGCUCG CrRNA1/F%
Ps-CrRNA2 UAAUUUCUACUAAGUGUAGAUGCGCAACAGGCUGGGGCGGC CrRNA2/F 51
ssDNAI 5"-FAM-TTATT-BHQ I-3’ PR ET
ssDNA2 5" FAM--TTTTTTTATTTTTTT-Biotin-3' M FT AR AR SRR AT

T RIS A L 15 2V R ALRAAY 1Y 51 9% 2 CrRNA .
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&R 2 PsGril ZER RAA # R R
Tab.2 RAA amplification reaction system
for PsGtil gene

Hay AL
RliNAY 25.00
5|¥IF (PsSRAASF/PsRAASF-2/PsRAASF-3) 2.00
5| ¥R (PsSRAA3F/ PSRAA3F-2) 2.00
aifbK 14.50
BRI 43.50

# 4 Casl2a 1 CIRNA BIEIREREREDN
CRISPR/Cas12a R R &

Tab.4 CRISPR/Casl2a reaction system for optimal
concentration exploration on Cas12a and CrRNA

TN Bl e 87 B 76 GRGR & A 3O N IF 78 70 TR S,
BEJE NN 5 uL [ SRR GRFI & N SO R MRS,
TN 1.5 puL FEZERE 95 B gDNA F 78 707 21, TN
i PCR 1% 37 °C N 40 min, 3518 PsGtil [f] RAA
T =) . ¥ RAA T3S 729 5 S 4R R B By & 05
(LIDIRE, FEEATRIZIR G, 800 SO H 2, B
B AT HLPKAS I .
1.2.4 Casl2a & G| & HIiER PsGtil 2 H RAA
¥ Bt CrRNA 571 84 i it

DA 1.2.3 20 BR b ik 45 3 (1) B A PsGril ik A
RAA2(PsRAASF-2 + PSRAA3F) A 5| ¥, LA PsGtil
T-vector AR, FIH RAA X5 &9 #4153 PsGril
1) RAA LR NIAR R SOP RS2 1.2.3). BEJE, LA
¥ 115 3] PsGtil ) RAA F BN R R 7 51, 4% 18
3 R BLAR R INAE DG, BAIZK SRR A
BH A4 06 R, TN 2% )6 52 & PCR X1, 37 °C M 1 h,
%&£ FAMOR OG)IEIE, &K% 5 min Y& — K%
. RIFIZ R G, PCRE B T LMK B AT M
FLPE R, I Ok E B PCR GG & 1 %% Y6 (E J
2 ANBEIRE AR A R 72 't 0 P VA L S R AR VO
1.2.5 CRISPR/Casl2a 4k % ¥ Casl2a #= CtRNA &
JE B 49 HEAL

YEHfi %€ CRISPR/Cas12a 1k & H ¢ CrRNA2 F¢
HlJa, T IRERAMBIR PR R, MR 3 SR
ff] Cas12a(2. 1. 0.5, 0.25 umol/L)FI CrRNA ¥ /&
(24 1. 0.5, 0.25 + 0.125 pmol/L)HE47 IE AT ik 46, FHHF
FH LI S B AR 22 (2 M\ PCR JGEHEE H, ik

%3 CRISPR/Casl2a B R {4 &
Tab.3 CRISPR/Casl2a reaction system

Hoy AL
NEBuffer 2.1 5
Casl12a protein (100 pmol/L) X
CrRNA (50 pmol/L) Y
ssDNA 1 (100 umol/L) 0.25
PsGtil RAA fragment 2
dd H,0 *h 2250

¥E: X. Y23 7 HCRISPR/Cas12af4 2 H1Cas12af1 CrRNA [ B2 T Lb %t
MIAER . R

A% E & PCRAL, 37 °C M 1 h, #%# FAM
MIE, FFEERS S min Y —RPOME. RN )G,
¥ PCR JEHE B T 8 MNER B ACT B2
55, AT 9 A B PCR U 5E ) 9% Y6 S 25 bkt
JE P AGASCH B 7€ D' et B VP A S R A L, DT A
CRISPR/Cas12a R Ak Z ' Cas12a M1 CrRNA H) 5%
FEIR R .
1.2.6 AT PsGtil AR &A% %% H RAA-CRISPR/
Cas12a-LFD #-M4k £ 69 45 733 0

LA PsGtil RAA2 A5 05T, 43 ) DAL 092 975 18 -
BRBE I 1~ I A0 A JEL U 1« 1L FH SR 1 K Fe A
B A1 A% B 65 4205 B 1 gDNA AR AR, 1 Bl RAA #
By A S AT 3, RN AR RS RS %
1.2.3. M EEH G, 45 AHL 2 uL [ RAA =9
YEBEHL, 34T CRISPR/Casl2a #& Z K6, E A& £
Ve B8 3% % e84 ssDNAL, 76 PCR J\EHEE
IINFE 5 B )R AR &, TN 9% % %€ & PCR
1%, 37 °C JBi 1 h, i%&F FAM i@, JF45E5 5 min 4
EE— IR . JBIT 5 E B PCR ACIIE 158 6
PPt RAA-CRISPR/Cas12a 44 2 (145 2 1

T RESE AR 45 SR PTG, 4 RAA-CRISPR/
Casl2a & % 5 W 7] i € 48 % (LFDOAH 45 &, R

% 5 RAA-CRISPR/Casl2a &k R4 Bt
DITHIR N AR &

Tab. 5 Reaction system of RAA-CRISPR/Cas12a
detection system used for specific analysis

Moy AR /L M4y AL
NEBuffer 2.1 5.00 NEBuffer 2.1 5
Cas12a protein (100 pmol/L) 0.50 Cas12a protein (100 pmol/L) X
CrRNA1/CrRNA2 (50 pmol/L) 1.00 CrRNA (50 pmol/L) Y
ssDNA 1 (100 umol/L) 0.25 ssDNA 1 (100 pmol/L) 0.25
PsGtil RAA fragment 2.00 RAA fragment of each strain 2
dd H,0 41.25 dd H,0 250
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RAA-CRISPR/Cas12a-LFD & & . HAKJ5 7220 3% HL
2 uL 1) RAA L= 1R R, InNBI 3% 6 i
(1) s BiAA 2, 144 2248 F AR EE O ssDNA2, B
37 C B 40 min, XF B2 HIRERE 10 £5 (5 pl B
FEW) + 45 uL 7K, BEJE R A Cas12/13 & FAZ R A I
ARSI PCR B FHE 1, 17 E 2 min, ML
4TI, T B A CRISPR/Cas12a-LFD 46l
A 22 R0 5T R S 1
1.2.7 AT PsGtil AR A& %A H RAA-CRISPR/
Cas12a-LFD #&m4k & 9 Z #0340

#J H nanodrop2000 73 %l M i€ PsGtil_T-vector
(1) 5 K7 AR RN L D 5 9 B 1Y) gDNA IR B, JF 115
¥ DU 43 5 5%F PsGtil _T-vector A1 55 28 95 1 1
gDNA DL 10 56 FE 3 2L M6 oRe 8 2. Horh PsGtil_T-
vector SR ATRL 955 955 B 1) gDNA I BER bR IE 9
1, HARRREAAE B a9 107 22 10°°

43 5 BA PsGtil_T-vector J5i i Al AL 2 538 955 14 (1
gDNA DL FOM BE (R FE SRR, FIH RAA BRI &
HATY R, R R WK 2 s, §AE D RS
% 1.2.3 F11 RAA R PP BRSAT AR . R B 45
J& s 43 AEL 2 ul 1 RAA SN0 /E AR, HEAT
CRISPR/Cas12a-LFD 14 Z far i, H {4 #5425 08 HL
2 uL & AT RE A5 BORE 5 () RAA L= ) 1 R B
B IINEIZR 6 BT R MR R, 1244 S A48 9!
9 ssDNA2, W E 37 C 8 40 min, X 2 807 ) Fi
B 10 £5 (5 pL B 7F= 9 + 45 L /KD, B J5 F A
Cas12/13 & FAZ B A M X 4% %% 4di N PCR ¢ B H &
B, W E 2 min, MR ARSI S I 0, AT B A
CRISPR/Cas12a-LFD 7o il 4 58 (1A 80 AR 7 128
1.2.8  SEFRAEAK R

3 B B P A 0 8 5 TR 1R AR 2% R SR e Pk i
I3 TR PO B A 45 10 gDNA, 43 1) DA 2% b A 0 28
BRI 2% gDNA IR 3P AL 9898 95 1] 1Y B 2% gDNA
R, R RAA WG GEHATY G R, [ FR

a RAAI

1-CK RAA2 2-CK RAA3 3-CK

FIEXT RAAL-3 51903 B HIK AR

500 bp

250 bp

100 bp

% 6 CRISPR/Cas12a-LFD ¥4k R IEF
BRI R R
Tab. 6 Reaction system of CRISPR/Cas12a-LFD system
used for available and specific analysis

by RE L
NEBuffer 2.1 5
Cas12a protein (100 umol/L) X
CrRNA (50 umol/L) Y
ssDNA 2 (10 umol/L) 0.5
RAA fragment of each strain 2
dd H,0 FMEES0

2 s, BAEL RS % 1.2.3 11 RAA RBD
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Fig. 1 Screening of primers for RAA amplification of PsGtil gene
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Fig. 2 Validation of CRISPR/Cas12a cleavage system and screening of CrRNA
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Fig. 3 Screening of concentration ratio of Cas12a to CrRNA2 in CRISPR/Cas12a reaction system
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Fig. 4 Specificity analysis of RAA-CRISPR/Cas12a-LFD detection system
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Fig. 5 Sensitivity analysis of RAA-CRISPR/Cas12a-LFD detection system based on PsGtil gene of P. elaeocarpicola
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Fig. 7 Application of RAA-CRISPR/Cas12a-LFD detection system for

detection of P. elaeocarpicola
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