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Establishment of a rapid detection technology system for Neofusicoccum laricinum

based on CEEA isothermal amplification
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Abstract: Neofusicoccum laricinum (Sawada) Y. Hattori & C. Nakash is a quarantine pest of imported plants and a forestry
quarantine pest in China. It is also one of only two fungal plant pathogens listed in the Catalogue of Key Managed Invasive Alien
Species. Developing rapid, accurate, and visual detection method is crucial for effective prevention and control of this disease. In
this study, a method combining composite enzyme index amplification (CEEA) technique with lateral flow dipstick (LFD)
technology was developed. Using specifically designed CEEA primer sets and probes for N. laricinum, followed by optimization of
reaction conditions (39 °C for 15 minutes), the method could specifically detect N. laricinum strains from diverse regions with a
limit of detection (LOD) as low as 100.0 fg-uL™', the entire process to be completed in 30 minutes. This technology requires no
expensive instruments and does not identify other fungi on Larch, demonstrating good applicability. With its high efficiency, speed,
and sensitivity, this technology provides strong support for in-situ rapid detection and identification of pathogens in the forest, as
well as for the early warning of disease.
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A A o P A 0 ARG 5, B SR R R 2 M Oy ik (R
K ESAR, 1992) 5h, X 75 4 55 (2009) HE T I FA R A7
DA ITS J7 51 JF J 555X PCR & 14, % 7% it b Al A7 905 9
JTE 5 A 9 b A R B A LTI LA X A3, B0 4P
WIBA T 3% T 0 o3 R 7 v, R T R A A R
PSR I BE T — o R I AL . SR, % R
RETE L 45 2% A1 0 S 0 2 vh g AT A, EL A B 22 Fib
LAV AL AR 25 (2 FFPH 48, 2017), Jo ki 2 Sl e ik
Ko 9 2. ITAFR, REMEATF (2023, 2025) Mt T ¥
I A R 5 TR AR 40 SC TR AP 14 R R (hyperbranched
rolling circle amplification, HRCA), Jf i — 25 % 1T 5¢ i
T 5L F 8 2CHR £ 19 HRCA-LFD £ AR K I 3 2, 52 B8
T WAL R R o TR R D 4 SR Y aT Ak, (B A T S AR
FEMPEL K

IR P B £ R (isothermal amplification technology,
ITA) A 75 15 & WY B 45 1, AT KV 3 . 46 Jm T 5 Ak
Bl A b S0, R0 T IR Y HG X A ARG A TR A X
WO, FRAVETRTE, T LR AR 25 (EIh4E,
2023), H A5 2%l 1 92 55 % 36 858 (Crannell, 2014
Wang etal., 2016; Babu et al., 2017; Lobato etal., 2018),
AR Ay 3 G B A . 5245 4R 2L 1 (composite
enzyme exponential amplification, CEEA) 5 & 41 fif &K &
fiff 3 3% (recombinase polymerase amplification, RPA) J&

TR P AR SR SR A% B Y BRI AE 37~42 C 1Y
fE I 2% F R T 15~20 min P 58 )85 B, I 2 R T
B BRI . 5 Bh MR L 40 4 (lateral flow dipstick,
LFD) "] 1 4% FI A HR WL %% CEEA 93 .
AHFFEE R N laricinum WA T FR 551 W A1
¥, FIF CEEA-LFD {4 Z XA [R] i X KR N. laricinum
G B R LA K Y b HC A B R AT ARSI, DS TR X
AR R 938 TP RRE M o %R R GE o A
A FB A7 R 4 B DNA (19 7 3%, SE 30 T 7 i F Al A
TE R TE) B PR RS I, Ay & P A A R 0 R 7R bR (] 1
BPREE L R MERR A IR S TR R EO R Tk

1 MBS T5 ik

1.1 s

Canwe Ry SNy IR N O AR I S BN s | 73
T MRF TN AE 3 | AL T LRI B P TR
TR E R W RS A LA 5T b 1L A T AN 43 A i
DY & AR A FoR I B RS . I EHA
3t 202 Bk, PR A7 T 5T AR 5 2R bR e B SE 00 =
LB T RG2S, N h Bk 6 bR A [F] ok
T8 b, (%) 5 T A A R 0 TR A Sk B R A R TR R R AT 1S
PR 55, B DA IR A A b 43 B8 B 14 Bk At PR
P R e S PR RG 36 6 2 (3 1), I8 ok A 3 ARG 24 17
S RN A G A ) R SR R R R AR AR (3R 2)
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Tab.1 The tested isolates of Larch shoot blight

i 44 R G 5 LES o 5 b T P 2 7Y

Species Number Host Source location Type of test

Neofusicoccum laricinum K7 N JE WA Larix gmelinii (Rupr.) Kuzen. PN 52ty ] B gy A FH M
JX-21 A& b 7% M- ¥ Larix gmelinii var. principis-rupprechtii (Mayr) Pilg. bl
37-7 H A Y% M s L. kaempferi W 7R
H030 M2 YK AN L. gmelinii ] b 7R il
Y042 H A 7% 1 FA L. kaempferi MR IE
HC-2 £ A 7 A1 Larix olgensis A. Henry i

Allantophomopsis sp. SKS-26 K 17 MRS L. olgensis L7 HE st S AT
Aplosporella sp. Y097 K 9% 1 L. olgensis T OMRAE
Botryosphaeria sp. Y029 K 13 48 L. olgensis 1L 4
Cytospora sp. Y002 K 1 % M AR L. olgensis SERaE 31|
Diaporthe sp. LDS-31-1 K 35 M8 L. olgensis MR 7
Diplodia sp. LDS-31-2 K 1 % M AR L. olgensis T MRE T
Tympanis sp. LDS-14 K A 7% I L. olgensis A
Phaeobotryon sp. Y097-2 £ 11 75 045 L. olgensis R AE
Thyronectria sp. LDS-36-1 £ H 9% A L. olgensis A
Dothiorella acericola Y002-2 £ 1 3% 048 L. olgensis i 8l
Discosia muscicola LDS-32 KM AL olgensis R EE
Pestalotiopsis hunanensis SKS-1 £ A & U # L. olgensis 1L 7 P
Heterotruncatella spartii SHB-15 14 I5 KA L. gmelinii ] b R
Cytospora sorbariae DI2-1 K 9% 1 L. olgensis ] b 7 s
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Tab.2 Information of the samples to be tested suspected of being infected with Neofusicoccum laricinum

B RA S i Ay %2 ok U5 4t o ) 255 7Y
Host Specimen number Number of specimen Source location Type of Test
INIS RN LDS-31-5 1 i ARIE S R A A
L. olgensis LDS-32-2 2 ML
LDS-45-1 5 R
LDS-55-1 3 7 M Al
LDS-68-2 2 7 kAl
Y068-1 7 W RIE
Y069-1 3 T ARE T
Y7 1 7k fl
1.2 DNA R AR )RS B D) B R T 2R I8 R A

K H CTAB % (Cetyltrimethylammonium Bromide)
3 54 WU I R R A L 0 R A B B 45 Rl LT TR PR Y
DNA F T 45 S A I o A% T DR 3 88 R (9 M ik B
WA BT R R WD) B T I R R A LA
LR ] R i 42U 92 BRAS I . DNA A I PR 97 1 3
7 & (48T) A BRI 0T e, Z= 46 75 M 2k R v A= ) B
IFRHCA IR A R A
1.3 & 4 5 4 7 Y o7 o L 2%

76K = 5 14085 (Olympus SZX2-FOF) F X i # 7%
P A il A s 1 R AE AT WL 2%, O T R B DD E
1, AF BE 7 I R B B A ) T T SR AR S R AR,
LA /NG I 9 BB, BB ARG 00 6 4%
1.4 CEEA 3| ¥ KRR $THYIZ T

¥ NCBI( National Center for Biotechnology Information,

K 95 18 K& H 40 (N.laricinum HLJ-QQHE-4, CP123724.1.
212009.t1) 5 H AT LA (19 3L B 51 9645 e Xt B —
Bomd 2% 5 B K 1 FE & R Be (TCCTGCCGCTTCG
TTCCAATTTTCGCCCGGACCGTGCACCATGGAAGA
ACAAGCGGCCCGAGATGCGGCCAGCCAGATAGCA
AAACAGCATTTCCAGTTCCAGCAGAACTCCCAAAC
AGCCCAAAAGAAAAGGAAGCACCAGGAAGACCAG
GACCTGTTCGAGAAAATCAAGAAGGCAGTCCAGTG
GGCGATCCAACCGCTCCTTCAGGAAATCAGCCAGC
TACGCCACCAAACGCAGCAACAGCAGCAGGAACT
ACAAAAG), M ¥ CEEA 5|9 S AR EF B i1 5 ), %
a4 BUFT 1. 5 & TSI B 1 R 8%5H (3£ 3), 5]
Yy RN 1 ph AL v A A A PO B R

®3 SRR
Tab.3 Primers and probes
EIR/E 7 751 (5" to 3") i HE < /bp
Primer name Sequence Base length
NT-NFO [S'FAM]-CCCGAGATGCGGCCAGCCAGATAGCAAAACA[THF]JCATTTCCAGTTCCAG-[3'C3spacer] 46
NF-1 CTGCCGCTTCGTTCCAATTTTCGCCCG 27
NF-2 TCCTGCCGCTTCGTTCCAATTTTCGCCCG 29
NF-3 CTTCGTTCCAATTTTCGCCCGGACCGTGC 29
NF-4 TTCCAATTTTCGCCCGGACCGTGCACCATG 30
NR-1 [5-biotin]-TTTGTAGTTCCTGCTGCTGTTGCTGCGTTTG-3’ 31
NR-2 [5-biotin]-TTCCTGCTGCTGTTGCTGCGTTTGGTGGCG-3' 30
NR-3 [5-biotin]-TAGCTGGCTGATTTCCTGAAGGAGCGGTTGG-3’ 31
NR-4 [5-biotin]-ATCGCCCACTGGACTGCCTTCTTGATTTTCTCG-3' 33
NR-5 [5-biotin]-CCTTCTTGATTTTCTCGAACAGGTCCTGG-3' 29

1.5 CEEA-LFD 5|4 B #f 1 B 5 1%

¥ CEEA-LFD & I Sz v & & (LR A1 50.0 pL;
£, % 32.9 uL A Buffer, 2.0 uL ¥ 7 10 pmol-L™' BT |4
F. 2.0 pL ¥ FF 47 10 pmol-L™"' B 514 R. 0.6 uL ik FF Ky
10 pmol-L ™" AY4%4%f . 2.5 uL B buffer, 5.0 uL DNA F15.0 uL
ddH,0) Fl )z % 2% 1 (39 °C, 20 min), ffi /] ddH,0 1E N
FEAR X 51 10 20 5 BR B 0 35 e HE A7 0% 18, LA HEBR 8 BH

PRI o SOBLES A, KT MR B 10~20 1%, X
80 uL A B 5 B 7 B I AU O K 4R 2 AR AL, TR R
TR S ming QSRR AR AR T XU R R 2R
T A DX TG A7, DU 56 B 5 1 0 AR B B 5 1 4 5
AN e BB B, i A 51 W AR Al T )5 225
Sz, 0 AR AR A A THE DX HE IR (8 45, A X
BLLT 0 25, 51 W) AR BT 19 35 B0 21 5 &5 R 02 I B
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PR, ZEI WA S AG AT .

BB A 25 v R 2 IR PH A 1 5 | 4 6 R
B, JF R AT R TR DU A B R 51 P 0 R R . DAY T
i R 96 T B K7 1 Bk DNA S BHPERE A (N B
BT 8 R G 0 AR B AR AR 2 B A B AR o T AR
AR A BH M R AR ), oK HC i B AR R & 100.0 pgrpl ', LA
ddH,0 N FAPEXF 18, ] CEEA-LFD i3] & [z I 45
et ) 1 3 AR AR R I R 0 R AR A A T X
PR €0 Ak, RS XM BT (5 Ak, DU 4 5 1 4
PREF T TR R 2, SR 40 5% U i 4 X i 7R
W, T ZE AR I X TE A%, ) Ud B B R A
HIFE LA A AN AT
1.6 CEEA-LFD #2144

it b 3% 0 3 HB 08 RT TR A 5 | A X AR A
414, R F CEEA-LFD JZ I {4 &, % 3% i 1= 0 15 %)
B G Al T AT AR SRR A DU . DL KT B AR AE S BH M
Xt B, DA AL 5 | )RR R 5 2R R Rk
1.7 CEEA-LFD % 7 &4k

SR 0 356 4 1) 51 0 RAR 1 2R 47 g S A 4K
BEE A AR (37, 38, 39, 40, 41, 42 °C) FIA [ Hif (7]
(5. 10, 15, 20 min), Pk K7 1% #k DNA 1 A PH 1 Xt BE
ddH,O fF 4 B ¥ X B8, 4303l # 47 CEEA-LFD £ U, DX
1 2 i A S I Ik 2 R B 7 ]
1.8 CEEA-LFD #; il 9 R & B 0i& B 4 5 4

Xif $ B K7 B R (1) DNA il B8 s i 40 6 6
11 (Nandrop) #5474 J& i &2, FH O 4l AR #2535 47 LA
10 f5B6 R FE S 1.0ng-pl ', 100.0 pg-ul™', 10.0pg-pL
1.0 pg-ul™'. 100.0 fg-uL™', 10.0 fg-ul™', 1.0 fg-uL ™\
0.1 fg-ul™', 7% i CEEA-LFD JZ i 1A & 73 %Il #k 17 R
BRERIN . ok A S BT de st gy, b AR
A LR AR | MRAE 30T LY 6 A I AL
il RS 90 TR REAS (2 1) SR 4738 AR I . DA B e 4
48 ddH,O 1E Sk B X R
1.9 #3# CEEA-LFD & M {F & FH I8 F

A 7 e 15 3 79 M BB Joe D0 R Sk T | W X RN AR B 2R
B B HCA B OR T8, TR B4 B2 4 & P Y Buffer
il B ORL R, — 3 1% T PC VR A7 T, il V%
A R 976 B CEEA-LFD A5 I 7] 85 ( 23 36 75 M 3 LA 2
A AR 77, BLA% A 48T) . [A] B A4 # CEEA-LFD 1A & K
o 3 AR (I 1) bR 0 AR A 36 G A 0

PL K7 TE R 19 DNA AEAE S BH XS 1R, 9% i 4 4
A% DNA I ddH,O 43 5 AE S B MEXT B, DLSR [ 35 Ak
1Y 24 173 BEARL 7% P A il A o A A AN (] 3 A7 s A (52 2)
15 Ry SEBRAEAS, 43 50 AE PR 8 B BE T F 0 DD IO

S ALLA A 0 A5 4% IO AT 2 U T, A B DA T, R
A 2 S 6 A7) 4 B DNA, AR B35 T A A T o

HEAT AN

~

JPEAN -
s N DNA CEEAIKZR
(BRI %N W R A
EIR K39 C
15 min
R B Q
(R A dd-H,0ffi % L
K2k —> ——=
AL — O] (O
IRARIR (5 7 1)

B 1 FEMRFEHEFE CEEA-LFD #illiiiE
Fig. 1 Neofusicoccum laricinum CEEA-LFD
detection flowchart

2 ZER 500

2.1 I AR R B B4 E

T 3 L6 AN [) IRE 30 7% o A R A R A RE AR K R
(K 2 A1-6), 9 2 & Jre s [] B B iy B B e RN ], B
IR D YA MBS 5 AR RIOF A 8
HEEBE2AI2); DOMEERZ)E “HaR”
H RS (B 2 A3) 5 3) B G (15 2 Ad) 5 4) KR A RS
(K2 A5); 5) THURS &8 &1 A% 28 (181 2 A6) . TEIR T
TR WEEE & B, s i A7 2 AR B Bl A 0 A 4, A )
AR B PR, Y s AL, AR A, BBV L D
GhEE, VI ER A A (2 BI-7) . 5 5] 9% nh
A A 4 At 8 BB, U0 8 4 B B Botryosphaeria 1t
fExt b, R &5l E 2t A1-6 B 2 B9 1K, 9%
i 2 155 7% A A AR TR 0SSR AR AL, (B D) S
ARABEE(E 2C1-8),
22 CEEA-LFD 5| ARREHTFEER
221 MMEF®LER

g HE B AR BH A, BL ddHLO R RE S AR, o 83t 1
4% LUESIY . 5 & R URTI S 1 SRR AT 43 i 4 I F
TTBAETRE . 45 RFRW: FEIAPES T, 514 4 NF4.,
NRS J 519 20 NF3. NR1 5 #£ £ NT-NFO #5 Bt i), ik
YR A ANAE o 98 X I 7 €0 4%l T 6 A U IX G 2R
A AR R, AT H TR 2 E (&1 3) s ARl 4
A YA A TR RE BE B B PH A B, B AR 4% A R 4R X
R G 25T, R DX BT (0 45, UL X SE 5| 4 A
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Fig. 2 Morphological characteristics of Neofusicoccum laricinum and similar fungi on Larch
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Notes: A. Typical symptom Neofisicoccum laricinum; B. Observations on Neofusicoccum laricinum; C. Morphology of Phaeobotryon isolated from Larch.
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Fig.3 Primer screening results

PREF R FE AL A 25 B R, AN AT I 2 0 A
222 MMEFHELER

X} it 5 A 51 40 4 NF4, NRS Fl NF3, NR1, DA &
PREF NT-NFO 43 5l 2 47 PH PR 0 6 o 45 2R Wow (181 4):
X} DNA ¥ B 24 100.0 pg/uL B K7 7% 5 RS 96 1 46
M BF, NF4, NRS 5 &£ NT-NFO 41 & A & NF3, NR1

5 BEEF NT-NFO 41 4 09 3 48 2% 46 T 25 51 1 58 B 4k
{H NF4, NR5 5 R 5 NT-NFO #5 it 1) 28 4 5% PH 7 25
T, A5 P20 NF4+NRS+NT-NFO PEREML T NF3+
NRI+NT-NFO, o] ] F 5 22k 5 .
2.3 CEEA-LFD # R4 R

L& I A5 A R 9 R K7 B PR 1) DNA R AR 1 by BH



%2

XUIESR A5 HET CEEA S5l 4 14 $ AR 09 7 At R i T DRl A D00 2 A R 3% 45

NF3+NR1| ddH,0

B 4 PRMEFIZER

Fig. 4 Positive screening result chart
PEXF B, BL ddH,0 iy B PR % BR F) | & NF4+NRS+
NT-NFO 41 45 % # nh A BOA 143 85 i 15 Fh EC A A
a1 DNA JEA7 R S PRI . 45 3R W Ay 15 Fb
TR Y, ACBH P X BE B 6% B R S MR A D ok, AR S
DGt R TN RSN Rl > R T 74 R el EE ey R e o
HoAy 14 B R R E B (3R 1) DA R B4 % B/ ddH,0 ¥ 78
AR, WoR R R S, O AR T ALk W
RCES), Ui B 5 NF4, NRS 5 45 51 NT-NFO 41 &
FF SR R, 8 T 7R AL R R e RS

N.laricinum  Allatophomopsis sp. Aplosporella sp. Botryosphaeria sp. Cytospora sp.

Diaporthe sp. Diplodia sp.  Phaeobotryon sp.  Thyronectria sp. Tympanis sp.

Discosia
muscicola

Dothiorella Pestalotiopsis Heterotruncatella  Cytospora

hunanensis spartii sorbariae

acericola

BE5 fFRERmER
Fig.5 Specific detection results

2.4 CEEA-LFD &R &4HMHUER

LL ddH,0 S BAHEXT IR, 43 5I7E 37, 38, 39, 40, 41,
42 °C 1 R 5 BN i BE R AR AT IR . 25 OR OR,
R BE A 39 °C I T 2kt 5 8% B f W W (1] 6A) 5
[ B 7E 5. 10, 15 F1 20 min AS [\ 2 B Bsf 18] R 1F 47 0
K, &I 15 min F1 20 min i) CEEA 7= ¥ 75 46 4%
2 I (16 6B) o Ry Tk R A B ] G A ok
B A1 BE P 45 2R, e 2T S 15 min A by B 3 2 51D

A 37°C 39C 40C  41%C 42C

38C ddH,0

20 min

E6 RERERRERERLER
Fig. 6 Optimization results of reaction temperature and time
TE: A R ALSE R B, SR LA 25 2R
Notes: A. Optimization results of reaction temperature; B. Optimization results

of reaction time.

25 CEEA-LFD M RBEREAMEER

TR I RA RS A3 AT K7 BAIRR 1Y DNA REAR, {8 41
IKEAT 10 5866 3 i B (M Bl 1.0 ng-pl'~0.1 fg-ul ™),
53 SH 2 L AR R AR R A, L ddHLO A Ry B 1 X R,
SR IR & A2 PCRAVHEAT Y S iy o 25 R,
B 10.0. 1.0 F10.1 fg-pL ™ 3% 3 SV B AR A T B AR A,
oA 5 A Yy e A i, 13 W] CEEA-LFD I 77 & %) #%
I 55 A R 9 A ) KR A T vk S 100.0 fg-pl ™, £ Uik
e BE I PDULEE 3 B 0 S 1 (] 7A) o TR, DA K7 BB
1) DNA FEAE S BRI, DL ddHLO Sk 9194 % i, Xf
P I | T SN = AN T SN T ol | = = N
(7] 3t BHL X 35 ) 9% P A A i A AR 1Y) DNA, 4% i CEEA-
LFD {4 & A A5 0 o A2 (1L 1), {8 A 3 550 6 a0 A7 A
RN, BR B X R A s AR Ak, B A [ Sk
T30 7 it Ak R o o TR AR 34 S B M A
(K 7B) o X R WIZIAF Gk R B A B AT i FH P
2.6 CEEA-LFD #f 8 # 2 #& i

L& B G RS9 K7 TR R (19 DNA BEAS A Sy B %
XT R, LA ddHLO 7 I At e AS A B M X B, $ B
A ST Y 7% A A RS 6 B CEEA-LFD 32t 5] &0 K6 I 0y v
KR FEBRAE, X V% AR BRIBLREAS EAT ARG . 45 2R B
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A 1.0ng/uL 100.0 pg/uL 10.0 pg/uL 1.0 pg/uL 100.0 fg/uL 10.0 fg/uL ddH,0

SRS 3 J

P |0

B WEZEH s bn]d [TIER i FK
K7 JX-21-5-2 H030-1-3 37-7-3-1 HC-2-1-1 Y042-3-2 4dH:0
P, Y

Y '1/’-:'- :.'.'?/:: ‘xf:/"f, “/

G

$ 0|0

B 7 REERERERMNER
Fig. 7 Sensitivity and applicability detection results

T AL REUERIZER B, 3G FHEER ISR

Notes: A. Sensitivity detection results; B. Applicability of test results.

24 {5 ELAG 7 7] 995 A 5 57 14 FF A 0 BH M X BEOK7 B8 AR
AR ], Y5 A6 A I X HR BT 200 A5y 5 I £ B S 2% T BA
P X} 18 (ddHLO) A J5T 45 X H 30K €0 2%, 76 46 X
WA I BLLL 554 (] 8BA) o % 5 1A REf% MU i 4H 21

e v 7 RO I H T A A R VS B, R RN 91.3%
(& 8B) -

3 e

o AR RS 8 TR AE A R AR K R R X 2 18
SR FH 0 43 18 0 0k ME LB T 43 B AE 9 R TR AR
ol S 1) SR L B B R M LIRS o G (R A% 4%, 2006) .
F BT 2998 TR 0 R 32 2 A7 A6 LU TR) R 1) 3200 B 2
A SRR R e Be 7, JLAR Yy ok B DL G o A R B4
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