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Abstract: Mycosphaerella linicola Naumov is an important quarantine pathogen that can damage the whole
growth period of flax. China imports more than 100 000 tons of flax seeds from abroad every year.The risk of trans-
mission and diffusion of this disease is increasing.The original traditional separation and identification methods are
difficult to meet the needs of rapid customs clearance due to their long cycle and complicated operation.Based on
RPA-CRISPR/Cas12a technology, this study designed specific primers and three crRNAs for the 3 —tubulin gene

(TUB2) sequence of brown spot disease of flax, and selected the one with the best cutting efficiency for subsequent
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detection system optimization experiments. The optimized experimental results showed that the suitable reaction

time of RPA is 20 minutes.The appropriate concentration of fluorescence reporter molecules was 50 nmol/L, and the

appropriate concentration of test strip report moleculars was 200 nmol/L.The established detection method was used

to detect and verify the simulated fungal seed.The results showed that the system could detect 100 conidia in sam-

ples with 5% fungal seed band rate.This method can complete the detection in 80 minutes, and the sensitivity can

reach 34 ag/L. The whole detection process is simple to operate, highly sensitive and short in time, which provides

technical support for the real-time rapid detection of Mycosphaerella linicola.

Key words: Mycosphaerella linicola ; CRISPR-Cas12a; rapid detection
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L1 Bk ALK HTHEKL 108, Bk
W1, Horm H 28288950 W ATCC62680 1 H T
¢ [# B Fh AR 58 0 (American Type Culture Collec-
tion, ATCC) , [n] H 2% B 2LJ5 1 CF-6 Al 25 5t
TR 781—1 43 IR F KR SCAN FIEIRE OC , H A X
MR AR P N AR % A R B bR, HLE 580
WA R FHEY P YE

1.1.2 S A 58 AL EZRARS
s, BRI 2,

1.2 FHik

1.2.1 R READNARRK B HIREIZER T D8
B PRI (PDA) BE 3R 5L 25°CHHIR 5 5% 15 K.
K I DNA $2BGR 57 & 42 U DNA J5 |, 4366
T ZE DNA ¥ B K 46 i AR5 22 52 56 19 ] 524
D %E DNA MM 3. 4 ng/pL.

1.2.2 4 5% RPA 3] 49 & crRNA %3+ M NCBI

(National Center for Biotechnology Information ) %§ 4}
JEH TN B M. linicola F 2T LR 04 3 A 2 31, FH

MEGA. 11 #1727 5 L X}, S 85 50 KA B-1il
& M 1 3 A Beta—Tubulin Gene (TUB2) % [H J¥ 51|
(GenBank: MZ073925. 1) #% i1 RPA 5|4 (YM-RPA-
F/YM-RPA-R) , 454 CRISPR —Cas I A1 25 PAM
(TTTV,V=G,C or A) , &I T =4 YM-crRNA, H{&
JPHIILZ 3.
1.2.3 RPA-CRISPR/Casl2a ¥k 28925 &
2% DNA 8 i PR 3 4 38 38 0] & Ul B, O K &R At
50 wL. ##29.4 pL A buffer.2 pL. YM-RPA-F (10
pmol/L) .2 pL. YM=RPA-R (10 pmol/L) .5 wL. DNA
Kt 2 9.1 pL RNase—free ddH,0 fill A 2 % T il by
BN A T, BN 2.5 L B buffer, 74MR A G
T K ¥ 5% 38°C K ¥ 20 min, W45 R JE L A
50 wL Tris 760 A1 /52 475/ 5% G (25 : 24 : 1) DNA Hifi 4
T, e TR A A IR E TR 21 30 S, B0 HL 12000 r/min
B0 5 min 5, B30 pL_FIEWAE A RPAY 74,
CRISPR-Cas12a % YG K M4 £ . ¥ RNase—free
ddH,0 12.5 L, NE Buffer 2 pL, LbaCas12a 1 pL
(5 pwmol/L) ,0. 5 wL RNAse Inhibitor(40 U/pL) , 986
5 5> F ssDNA-FQ 1 pL(1wmol/L) , crRNA 1 plL
(1 pmol/L) ,2 pL RPA ™34 /= My i B 1R & & Bk
20 pL, AT PCRAY,38°C,30 ST HE—RZIEIE
5, 120G R I EE DGR

®1 B EREREE SR F R

Table 1 The name of the tested strains of the pathogen, host and source

RS i SR FE AR
Strain code Pathogen Host Source
- SRR A3 R TR D14 BRI A B e 25 T
Mycosphaerella linicola Linen Economic Crops Institute, Heilongjiang Academy of Agricultural Science
VMKW I FRAE 20 1 TR HTSRR v T
Fusarium linicola Linen Tekes, Xinjiang
\iS R K559 1 R4/ B A
Botrytis cinerea Linen Tekes, Xinjiang
\o SRR BEAEL IR T R4/ SR
Colletotrichum lini Linen Tekes, Xinjiang
I3 R SLAR A DA TR
Rhizoctonia solani Linen Tekes, Xinjiang
M1 TR NI4T HTSRR vE HT
Alternaria conjuncta Linen Tekes, Xinjiang
6 Ik H 25 BAZ 0 I H %% BRI AR
Selerotinia sclerotiorum Sunflower Zhaosu, Xinjiang
CF6 I H 5% B 2L B I H %% PSERES
Plenodomus lindquistii Sunflower Tianjin Customs
16] H 52510 o 1] H %% ATCC
ATCC62680
Diaporthe helianthi Sunflower American Type Culture Collection
7181 P =8 B P A TS i3 ARGIESS

Leptosphaeria maculans Rapeseed

Shanghai Customs
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Table 2 Experimental reagents and instruments

/AL Reagents/Instruments

S5 Source

DNAsecure #i BUAE ) K 2H DNA SR &
DNAsecure New Plant Genome DNA Extraction Kit
RNA 1 i 71
RNAase Inhibitor
DNA {7 i P 7 1 10 £
DNA Isothermal Rapid Amplification Kit
Tioshio®Cas12/13 % FRZ R K IR 48 4%
Tioshio®Cas12/13 Special Nucleic Acid Test Strip
Tioshio ®Cas12a #Z IR
Tioshio ®Cas12a Nuclease
KETK
RNase—free ddH20
QuantStudio TM 7 52} %¢ 5% PCRAY
QuantStudio TM 7 Felx Real-Time PCR
NanoDrop ND-1000 436
NanoDrop ND-1000 Spectrophotometer
Fresco2 1 {5 A R 250 4L
Fresco21 High Speed Freezing Centrifuge

XH-C iR &

XH-C Vortex Mixer
ThermoMixer 7K VA fH IR 17 #
Water Bath Thermostatic Shaker

FARAALFHEL (A5 A PR ]
Tiangen Biochemical Technology (Beijing) Co., Ltd.
RARAAAR (AL AR F
Tiangen Biochemical Technology (Beijing) Co., Ltd.
B AR A C M) AR PR
Ampu Future Biochemical (Shanghai) Co.,Ltd.
R TR FHC AR PR A 7
Beijing Baoying Tonghui Biochemical Technology Co., Ltd.
FeE S B RNC A R A R A
Beijing Baoying Tonghui Biochemical Technology Co., Ltd.
AT T AR () By PR W)
Sangon Biotech(Shanghai) Co., Ltd.
FERR CHERBHE (R ED A IR A F
Thermo Fisher Scientific(China) Co., Ltd.
FERR CHERBHE O DA R A
Thermo Fisher Scientific(China) Co., Ltd.
FTEERCHRBHE GRS A B2 7
Thermo Fisher ScientificInstrument(Suzhou) Co., Ltd.
LRI R F
Jiangsu Jinyi Instrument Technology Co., Ltd.
SEATEA: YRR bR 52 5 A IR A W

Eppendorf Biochemical Technology International Trade Co., Ltd

%3 RPA3|#.crRNA R B$ERE ST

Table 3 RPA primers, crRNA and probe sequences in this study

Z4FK Primer J¥%1 Sequences(5°-3")

YM-RPA-F ATCACAGAAACGAGGTCGAGAGCGCGGAAA
YM-RPA-R GTACCGCCCGAAAGCGCAACAGGCAGGTGC
YM~-crRNA1 UAAUUUCUACUAAGUGUAGAUGUUGCCCUUGGUUAUGUCAAUUU
YM-crRNA2 UAAUUUCUACUAAGUGUAGAUAGGACACUACUGACCUGGAGCAG
YM-crRNA3 UAAUUUCUACUAAGUGUAGAUCGCGCUCUCGACCUCGUUUCUGU
ssDNA-FQ FAM-/CCACCC/-BHQ1

ssDNA-FB FAM~/TTTTTTTTTT/-Biotin

CRISPR-Cas12a i 4 45 6 Ml & % : ' RNase-
free ddH,0 12. 5 pL,NE Buffer 2 pl.,LbaCas12a 1 pL
(5 wmol/L) ,0. 5 wL RNAse Inhibitor(40 U/pL) , ¢
454> F ssDNA-FB 1 pL(1 wmol/L) , crRNA 1 pL
(1 pmol/L) ,2 L RPA 4 4 p= Wy i & 1R & 2 B AR
20 wL, TRV 38 CIE IR Y 20 min, S 4%
Jo U5 WL R R 25 B KR B 10 4% )5 i A
Yo% MBS YU SRR I 2R (T 26) & A5 1 L2 (8 2%
X EE AT
1.2.4 RPA-CRISPR/Cas12a # M1k & 89 4£4L Ky
ek RPA P34 B5f 8] , 5 B 10 min, 20 min .30 min &
40 min DU ) A B2, [R]H8E 7. TG RRT 7K R 25 X R
H4 AN [a] B 8] 1) RPA 47 34 7 ¥ 3 i:f CRISPR/Cas12a

SIS € AR I 500 6] 37 K 406 A% WU ARG , DA AN [+]
S 7 1] A ARSI 8 A W S e A S B T, 3 56
WHEINEE.

7t CRISPR-Cas12a JZ i v, B % i1 09 3 4%
crRNA # 4T CRISPR-Cas12a %¢ Y61 46 , WL%¢ 3 4%
crRNA 7 R 1 U1 B0 80 38, o 8 de f 19— 2%
crRNA 17 J5 25256,

7 CRISPR—Cas12a %¢ Y6 & W 7K R Hil 404 %
N ZR S SR TR R 2 AR
s B, 1B 5 AN BB BE 7K (50 nmol/L., 100 nmol/L
200 nmol/L 400 nmol/L.. 800 nmol/L) , LA TG /K has
F X R R 1 AN [ v B 414 43 7 2R 4T CRIS-
PR-Cas12a %¢ Y635 AR 4R 25 6 S, 43 SRS  JHE 76
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B e I 2 )5k B AR A

1.2.5 RHUEAERN KRR EE 3. 4 ng/wL B RRAE
BESG B DNA #1710 F5 86 B2 Bl 340 pg/pl.. 34 pg/
L. 3.4 pg/pL. 340 fg/pl. 34 fg/pl. 3. 4 fg/pL. 340
ag/pl.34 ag/ul. 3. 4 ag/pL, BEHEMIRE 3N EE,
K AL TG 2 678 SR AR 4G T iR R 1T RPA-
CRISPR/Cas12a K5 47 48 5 K60 , LUBA 2 12 07 ¥ 1)
o 0 BB

1.2.6 i PIE 1 HHKE MR 0 DNA
BB, A TG B K R 25 F X B8 SR FAE AR IS /Y RPA-
CRISPR/Cas12a % ik 5k 4t ac ik b el . &4
B 3N A HE A H A R

1.2.7 #HEM A N E A RPA-CRISPR/
Cas12a 6 P AR 22 X6 G5 b 9 4G U 24 RE , 1 45 M.

linicola 73 A2 1% W, FH I 3R HE0d 5346+ &
TR T3 10 pLARFUF 1978 7 B 7 b 43k
6L 14 B8, K LA T BSUAH R Ve 32 Tk 7 G B I R
F b B DR BRI BROFF TS 10 000.1000.100., 10,
1AM, linicola 73 FA0F o B =0T HEFh ) Fp
FAEE RSN T TR 48 hg , B LKA A T 5 19
BTGB PR IR A TS , SR BUR A AEAS B DNA 1E 46
DA o 55 RO Ak 04 B 0L 25 A , XA i A A
W BEASRE SIS 3T, [R5 T B b7 B
Xof B B AR AR 45 SR A A

2 HRENH

2.1 RPA-CRISPR/Cas12a ¥ M4k 2 894k
2.1.1 RPA R mERE e AR RPA
NS TE] 2548, CRISPR—Cas 12a 2GRN 540 5%

Farl s . &1 455 R B, 7E RPA-CRISPR/Cas12a
PECRTMAR 2, D05 5 B 0] kv T B, B
A B N B[] 2% 5% (B AH 25 AN K5 £ RPA-CRISPR/
Cas12a 3 ZE 2K A Z2 L 10 min B AT WUAR 21 €4,
ST, AR (R X2 AT D W 21 2% i BRI 4G
T SRR R BAS , BB 20 min R RPA N
A ]

2.1.2 crRNA#if ik HAE = 4% orRNA 95O K
DA 2 B VT RIRCR , S EROL(E 5 5m H AT RI80%R
[ ) — 2% crRNA AT JG 225000 . R 2 25 53R W, =
2% crRNA BJFEIR R h BEAT SN, 98 A5 8 T4 R
2, Ho erRNA2 9650 B f i o B $E erRNA2 1
eSS

2.1.3 RAEME S T REG KA  CRISPR-
Cas12a 7R AR R rf , & B R [R) 5 G o Uk
JEHATIA . B 345 SRR, BE YOGS 70 F Ik
JERGR , OO B e s . A o Uk
EZOLESHAR TS AR, BFE5 R4
F b, P 50 nmol/LAE e X TARHE .

2.1.4 XKW E S TIRAEGMKA CRISPR-
Cas12 a il 4RA KA Z b WA ARSI 2 o F R
AT . B 4A R H IR AUA RS o TR
4 50 nmol/L I, 46 I 2 S B 21 4 557, HoAth 4 1
55 01T B 0 T DLAS I £ Sk i R T €6 5541 . B IR
H YR A 50 nmol/L Al 100 nmol/L, X i
For 2w DLABTRA L1 €5 245 , 5 BHPR S5 5L, At 3 i
01U B X R R B PR 2 R, R A SR 5 40
T B ST AT 2 HY BB PH A, f%E £E 200 nmol/L Sl B
FEIRACA RS PR

A B cC T
12 000 000 - _ 10 min q p
= 10000 000
= 20 min P
z)
£ 80000001
= 30 min p
£ 6000000
£ 4000000 40 min P
E
=
2 000 000 K l N
0- T T u—’
10 20 30 40  Control Ty 1]

RPA raction time /min

Lateral fiow direction

TE: A FOLEE RPA SO [EL R AL AR TN ZE R 5 B X ARk L RPA SO (] R AL AR TN 25 58 s P2 BHPEZS2R N BIVESSR T AR I ZR s € Bl ; R )

Note: A: Optimization results of RPA reaction time by fluorescence method; B: The test results of RPA reaction time optimization by test strip method;

P: Positive result; N: Negative result; T: Detection line; C: Quality control line. the below is same
1 RPA &Rt EEIfALA
Fig.1 Optimization of RPA response time
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80000007 . . RNAI

—— crRNA2
7,000 000
6000000
o
<
£ 5000000
B g
o ©
52 4000000
N O
oy
Z 3000000
S
= 2000000
1,000 000
0 T T T T T T
0 20 40 60 80 100 120
TEH%L Cycle

B2 7 [E crRNA 7 CRISPR {5 Z i & 73 SR Eb 8%
Fig. 2 Comparison of the reaction effects of different crRNAs in CRISPR system
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-
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Fig. 3 Optimisation of reporter molecule concentration in fluorescence assay

LI 7 1]
Lateral fiow direction

50 100 200 400 100 200 400 800
&jxfﬂﬁ%%ﬁiﬁ%mﬁﬁcmww&qhﬁ% %wm MIyTHﬁ% S AR B R S N IR

Note: A: Effect of different test strip reporter molecular concentrations on CRISPR/Cas 12a strip detection; B: Negative control for different test strips re-

A p p p P

porting molecular concentrations
B4 HEAZFWESFREHMRUL

Fig.4 The test strips report the optimization of molecular concentrations

2.2 RPA-CRISPR/Cas ¥k 2 9 R S E &M . 2R, U 3. 4 ng/uL #] 34 ag/pLik
¥ M. linicola DNA #EAT 101586 BERR B, 25 T L5 #\{ﬂ' G R BHYE , 24 DNA M BE R 3. 4 ag/wL i,
b J5 19 F W A 2 64T RPA-CRISPR/Cas 3™ 84 FI S 40 M2k R A 206 55007, S BAMESE IR, R i%
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A 18000 000 -
16 000 000 -

14 000 000 A
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- 12000 000 -

21 =

= 10 000 000

mtensity

R

Flu()rescen(:e

8 000 000 -

D3

6 000 000

4000 000 -

2 000 000 A

0-

Ll

4 5 6 7 8
AbHE Dispose

p p p p P N N

10 CK

T L7 1]

C Lateral fiow direction

5. 6 7 8 9 10 CK
AT RS S5 Bl A0S0k MU 25 3L s Ab 3T 1~10 43 510 SRV 3.4 ng/p L 340 pg/pl.34 pg/pl.3.4 pg/ul. 340 fo/ul. 34 feg/pl..3.4
fo/L.340 ag/pl. .34 ag/pl.3.4 ag/pL; CK: BPEXT

Note: A: Fluorescence method sensitivity results; B: Sensitivity results of test strip method; Treatments 1-10 were 3.4 ng/pL, 340 pg/pL, 34 pg/pL, 3.4
pe/pL, 340 fe/pL, 34 fe/pL, 3.4 fe/pL, 340 ag/uL, 34 ag/uL, and 3.4 ag/uL, respectively. CK: Negative control
5 REERN
Fig. 5 Sensitivity detection

1A R RN 34 ag/ul, LG E R R T i FHARAL 5 9 RPA—CRISPR/Cas12a #5142 |
2.3 RPA-CRISPR/Cas # fll{f & By 4% B4 16 1F XU R MR IE PR 2 DNA A7 4 SRR I 0 Fr . &1 6
A B CT
1 —' '
2500 000 2 — N
—
= 2000 000 4 N
i Z 1500000 6 N
i 5
S % 1 000 000 g N
E 9 N
=500 000
~ 10 N
' e M N

1 2 3 4 5 6 7 8 9 10 11
JE3 Dispose LI 7 5]

Lateral fiow direction
TE A 9ER I I R A5 S PRSI 5 B AR S A % 2R A S P 2 2R 5 A 3 1~10 435310 8 PMIL L YMKW M5, M9, M13 . M1.X6,CF~-6,ATCC62680 .,
781-1,11 J9755 A% I
Note: A: System—specific results for fluorescence detection; B: Test strip detection system—specific results; Treatments 1-10 were PM1, YMKW, M5,
M9, M13, M1, X6, CF-6, ATCC62680, and 781~1, respectively, and 11 is negative control
6 RPA/CRISPR-Cas12a it ill$F R 1410 1E
Fig. 6 Validation of RPA/CRISPR—-Cas12a assay specificity
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A -~ 10000 B
18 000 000 + 1000 c T
10
1/ 1 10000 q
. 16,000 000 — o ,
= 14,000 000 1000 _ b
Z 12000 000
£ 10000 000 100 _—
g-z -
£ 8000000 0 | .
% 6000000
< -
= / | : N
= i
2000 000 K , .
0- : — —
T T T T T T
0 20 40 60 80 100 120 W5 TE]

Cycle

Lateral fiow direction

T A TR IR ZRBDRE S 45 L 5 B IR S A I A ZR AR i 45 L 5 CK: B PEXT HE
Note: A: Fluorescence detection system simulated sample results; B: Test strip detection system simulated sample results; CK: Negative control
7 BRI R

Fig.7 Simulated sample test results

SRR FEDO R T, 45 PM1 I M. linicola TA
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