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M OE: AEERA T T IR EALM AR P, BRIl 8 T Hp S K JE T T A< SR R T A IR PR AR i i 9L
Joa T SO HE I R A L R R MO RARE, RMMER) R ER R 2 — o ASTFSRAE T TINME 3257 XR A i S S A
a Ity B IETE , Rl ITS. TUB2. CHS-1. ACT. GAPDH ZILHEREG /i His i id , I T3NS RY A
(LAMP ) @y PRERIIAR . 450K (1) REMAVGEE 50 fy, KLU0 B i bR BIE R bk 24 Bk (2) WIAfDT
TS5 ANFIRL X G IR PR S R AL 4 DN IRJEE R, B Colletotrichum tropicale. C. karstii, C. fructicola S AT &R Hi
JHIE (C. siamense, 45.8% ). (3) H&T TUB2 BLHFE 5 X5, T3 258 5 LAMP 51441 Tub-L1, fiAk ik
ZZHN 63 CHIEY 1Y 50 min, MAMSIMVERE N 8 1 1, Mg®" 8 mmol/L, dNTPs 0.8 mmol/L, THAIFHM. ®iFix
I, R A R AU IR 100 pg/ul (AHHL PCR A9 10 £%5 ); X AEEJE 1Y 7 NI Fh ( C. tropicale . C. fructicola .
C. karstii % ) J 7 FhAEFEARE D)% S 3 [ WNHESE 055 T8 ( Hemileia vastatrix ). 32505 ( Diaporthe phaseolorum )
SV TCBHPE RN o SR ARAR ) B9 LAMP A4 2 % H [R] 5% 45 (908 55 M AR SEAT 20 AT, I A0 o 349 B B ) 14 482 2 e
JHIA , HER5H M PCR A Jrik—3. 5 BTk, ABFoT @y 35004k 0w mE 2 S0 1A LAMP PR sk e ik R B Bk
A . R AL, e ko . RS AR R TS, SR TEY mIE (C. siamense ) [ H [AIGHAG I o
TZAA ZR Ry WP 2 L TR PR T 2 0 B v ORI B 4 T AT S B R S, X M e SR 1 R BT | e T T B 2R B
B BB S O AN E
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Abstract: Xinglong coffee, a pillar of the local characteristic agriculture in Wanning, faces severe threats to its sustain-
able production from anthracnose. This disease can cause leaf scorching, branch ulcers, and berry brown rot, making it
one of the major diseases in the industry. In this study, samples of coffee anthracnose were collected from the main cof-
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fee-growing areas in Wanning and the pathogenic fungi were isolated. The pathogenic fungi were identified through the
combined analysis of multiple genes, including ITS, TUB2, CHS-1, ACT and GAPDH. Furthermore, a rapid detection
system based on the loop-mediated isothermal amplification (LAMP) technique was established. 50 typical disease
samples were collected, and through tissue separation and purification, a total of 24 Colletotrichum isolates were ob-
tained. The pathogen population structure in the five planting areas of Wanning was clarified to comprise four species of
Colletotrichum spp.: C. tropicale, C. karstii, C. fructicola, and the dominant species was C. siamense (accounting for
45.8%). Based on the specific region of TUB2 , a specific LAMP primer set (Tub-L1) was designed and screened. The
optimized reaction parameters were established as follows: isothermal amplification at 63 ‘C for 50 minutes,
outer-inner primer concentration ratio of 8 : 1, Mg2+ 8 mmol/L, dNTPs 0.8 mmol/L, and without the need for betaine.
Validation experiments demonstrated that the detection sensitivity of this system reached 100 pg/uL (10 times higher
than conventional PCR). Furthermore, the system showed no positive reactions to seven closely related species within
Colletotrichum spp. (including C. tropicale, C. fructicola, C. karstii) or seven non-target plant pathogens [including
Hemileia vastatrix (coffee leaf rust), Diaporthe phaseolorum, and others]. Using the optimized LAMP detection system,
the diseased leaf samples collected from the field were analyzed. C. siamense was successfully detected in all samples,
and the results were completely consistent with those obtained by conventional PCR methods. In summary, the
LAMP-based rapid detection system for Colletotrichum sp. established and optimized in this study demonstrates sig-
nificant advantages, including simplified operation, high reaction efficiency, strong specificity, enhanced sensitivity, and
visualizable results, making it highly suitable for field-based rapid detection of C. siamense. This system would provide
reliable technical support for the precise identification and efficient detection of coffee anthracnose fungus, and have
important practical significance and application value for the early warning, disease monitoring, and integrated control
of coffee anthracnose.
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e A P65 ¥ AL ( Rubiaceae ) MIMESE ( Coffea )
(M) 22 S RS, AR At 5 AR L X
M AR TAAEY), W ark ol gl 2 pf A B2
B B o R LA PRI R X, &l E
RAER R R A, BB 3 Aok A o
( Coffea canephora var. robusta ) WA =X
B o T3 T AR RO ME A R 5 A G A
2 YTV T A AP A SR T AR R K R X
e CREMRE” A AR Y XU AR I R )
JRRI, A E N AMEE T b A R A B
S BB YT VA A ) e s i 4 1

WA ) A AR I A b g 32 B 2 A SR Y
24, HRIEEE ( Colletotrichum spp.) 5l
WA I ke L A2 7 22 Wi el e A e v Jo o A 7 )
FERFINER, KE=m . R SR X Y
AR R E, B EREARIER, ok
BAIR JE A A, D TR R B8 1 4% I I ok 1) 22
AERAL, AW RS LA RS, Sl kM R
JWive . BCARANIE . RACE RS, JRE T R R
T Gl BRI ( Colletotrichum kahawae )
X} e VR st DX AL B/ NRERRHEC Coffea arabica )
T UM, O D TR A TR A A A

PEPEAT F AW 24 5, 20 SR R A il SR
SO P DX b 7 BB 2k Tk 80% T, ol
MEELG 1Y A0 % 5 b S SR B VAR OC . B
FER], AR 20 CAA . AXFREE 90%LA F (£
227 h Vb)) B9 It S IR BT e S B A G 1)
il 55 A, R A T RS Y i SR Y 1]
A e 2 L 99 1) 0 485 0 1 R TR A3k B R R
B, WAE9—11 F kg™

BEAH T TR FLTE 12 3 AR T 3 R BT
X W THE £, RAMNHER) S A R
AR, ELARER A o Al 5 M BER | AT
R i 54 CRISTOBAL-MARTINEZ %5['°)
i3 22 B R 8 B 0 A u) 25 G RE VR e Y
IR AR5, KW C. gigasporum . C.
siamense , C. karstii. C. gloeosporioides #l1 C.
theobromicola TN, CAO ZEBIEERE 5 ok
FkE X (R i/ VRE A 5 ok fl ), SE3E i 8 Ak
JHE P, G C. fructicola. C. siamense . C.
tropicale 25 . i E PN X T 0HE B JE B )9 5 48
FE SR ST rp 32 ZARH TR ML PCR . 529
JE & PCR (gPCR ), #i5{ PCR ik, #R1M, X
SEH R AE BRI B % L A oK 5 55 Jm BR 1
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ME LU A2 H [ P2 W R f ok . B, IRk
— P T RERY HEH AR (LAMP) BmER
(RN =T S R G RV ST il Iy N e s 13
AR 1 B U RORS v B 4 HL A E ) SE R
B2,

LAMP 21 NOTOMI %M 2000 4EHF 4 1
B SERAL R Y I BOR R BOR B AR T
T AEIMUES ) R o | AU S R AR,
FEREY)ELDE . AT . O RE ORI A AR B 1)
TR, WEARTE T I R 2 wrakeR R
Th g U T [ o PR 4 2 i HH SR AR B (C
fructicola ) [RF M THRIC, BIIIESL T 4HXF
Bk ( Carya cathayensis ) M 3595 J& B H 19
LAMP s kA& &, %44 Z 0T 76 32 Fh s i el
72 h J5 HERA A LLAZ BRI RS B0 s i R T
WU H e B ( Puccinia melanocephal )
FmHE- 555 B ( Hemileia vastatrix ) 1TS J& K 1)
PRSP IR T [ i LAMP KR, %
B o, R X 2 B R R AL AR
Fil PCR, ZHi41 %LU SYBR Green [ h#¢
FeFERA, AL TE XL E AL MR (ReMV)
[ 5% LAMP (RT-LAMP ) KR, BHYER: H %R
ik 98.3%, L TH AL RT-PCR (75.0% ).

AR RN B 2R, 2R
K| TFEERERR R, 5T RBEEE (5
RIERS . B R S BOm S ) LS Kk R
FEAERRE TEBIRG o ASBIF 5T LA O e 1095 A it A A
FXNG, HRZOAERGELE 5, Wl 7S
RIHTH (C. siamense ) A WIMEBENE 19 I8 400
Flv, e AR ST p-tubulin ( TUB2 ) JEPARSF X 45,
Wil M5, RN SEDE . FRR IR
K RGPERI, RGAE LAMP PSR A R
L30T Sy e S 1) 7 192 Wi 5 ) 0 4t
BRI E A

1 #R5FZ*

1.1 e

1.1.1 AEXAH T 2022 4E 0TGRS 7 T T 9 3
A HEF AR el 5 A Al B2 B A RHZORHIE
FEATIY 2 AN Il (300 S 24 R ot i el 5
KKK RV S H ) T e Wi T & A 17 1 ) 5K
A FEVEAE AR R, CRAIRENLIE . A IORE
B, SRR ELAT UM ME 5 B B BR (A0 IR

FUEIESE ) MECRFEAR, R AFEARAR S
MISCEG 2, 7E 4 CHAMFTIRAE. HRAE 50 A
HEATHMR 5 . lifk. BT E 4> B Ak Y B AR Y
PRAF T o [ R ARl B2 B A ORI 58 T o
1.1.2 £%3XA Taq fiff . Bst DNA [if L K il &
) Buffer. MgSO4. dNTPs Il H Bg 5l it 4E%e 4= 4
BHEE A A R AL BRI ( betaine ) 528648
/85 SYBR Green 1 (10 000x ) M H Z&R3EERH 45
AR E(JLET ); DL2000 DNA marker 5 DL2000
plus marker W [ b 50 B Br A= ) 5 A RHECA BR
NI

1.2 FHi&

121 $ARABRLSZHAFER EW ITS.
TUB2. GAPDH. CHS-1. ACT!*'"5 AMEL5y 5]
FLRA S R A 519 (2 1) #547 PCR §74% . PCR
AR 2 BTl 50 uL, fu4% DNA #&iti 2 L,
2xTag Master Mix 25 pL, 10 pmol/L 1FE 2 [7] 5|4
4% 2 uL, ddH,O 19 uL., PCR JZ W FE/F: 95 CHil
A5 3 min; 95 ‘CA8ME 15,55 ‘CiEk 155,72 C
FEAH 1 min, P 30 ;5 72 ‘CLAEff 5 min, PCR
PIAEE S, R 1 %35 B AEE I FL VKT 38 7 )
PEATREIN , B re s A T A TR (L) B
A7 BRI B AR A5 i I 3 45 SR 42 28 2 NCBI
GenBank 47 BLASTn [R]JEPE e XT, i 2 [A] P54
>98% 1S % B kST 41 o I b B ik I S 25 vk
JP91 23 i MEGA 7 3/ 1) CustalW Bl 112
FFHIEE T, F1FH TBtools 2 ARG 8 A1 o B3
M, AR HE KRR (maximum likelihood,
ML) W ZRFNRKERE K BW (F AR .
TN93+G, bootstrap: 1000 ),

x1 ERAKSIWFT

Tab. 1 Genes and primer sequences
B SRR SIS (5-3')
Gene Primer name Primer sequence (5'-3")
ITS ITS1 TCCGTAGGTGAACCTGCGG
ITS4 TCCTCCGCTTATTGATATGC
TUB2 Bt2a GGTAACCAAATCGGTGCTGCTTTC
Bt2b ACCCTCAGTGTAGTGACCCTTGGC
CHS-1 CHS-79F  TGGGGCAAGGATGCTTGGAAGAAG

CHS-354R  TGGAAGAACCATCTGTGAGAGTTG
ACT ACT-512F ATGTGCAAGGCCGGTTTCGC

ACT-783R  TACGAGTCCTTCTGGCCCAT
GAPDH GDF1 GCCGTCAACGACCCCTTCATTGA

GDRI1 GGGTGGAGTCGTACTTGAGCATGT
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122 LAMP %hZM# a5 TAMER KT
LAMP ¥J2E iR & (K 2), 2 Bst DNA Po-
lymerase Large Fragment ifH 5% &% EY S
#: 60 CHHIEY 60 min, 80 ‘CKiF 10 min &
1k 7o B AR A A 2 uL SYBR Green [ (4
WRE 1x), MBI B s, A 1Y
) BN S B O, BT BRI 6 [
3 3ok By B W R R e T L B R e e, BHE )
WoREIE A, BITEREATC R . e 2R T
FA X BE ( JCARAR DNA ) LUBH PR AG T 4 Sk

#x2 HEIMLAMP YIS RMEEZR (25uL)
Tab. 2 Initially established LAMP reaction system (25 pL)

Hoy R 2873} 3
Component Volume/pL Final concentration

10xThermoPol buffer 2.5 1x
MgSO4 (100 mmol/L) 1.5 6 mmol/L
dNTP Mix (10 mmol/L) 3.5 1.4 mmol/L
Bst DNA polymerase large 1.0 320 U/mL
fragment
H3EH (20 mmol/L) 1.0 0.8 mmol/L
FIP/BIP primers (10 pmol/L) 4.0 1.6 pmol/L
F3/B3 primers (10 pmol/L) 0.5 0.2 pmol/L
DNA HiAg 2.0
Nuclease-free water 1.5

1.2.3 LAMP 314p3&3t LT MiMEER BH (C.
siamense ) WAk TUB2 WIFh N Z F5 LE X455, -
¥ I RE R X35 . >R ] Primer Explorer V5 ( http:/
primerexplorer.jp/lampvSe/index.html ) ¥ 57 25 7
R B T LAMP 5143, GdENS519%F F3
B3, NERS % FIP #1 BIP. ¥£5|# LoopF Al
LoopB; Z M HHAE (AG<-4.0 kcal/mol ) 5 GC
it (40%~60% ) SFAAPFHEATIE, TRk 2
ks |9 (£3), HAETAY TR (L) K
MHERA SR BIYRIER 1.2.2, #1729¢0 8
@ (SYBR Green 1) SZEAEHEEEREIK (1% ).
B X} ML PCR v TUB2 i 514 ( Bt2a/Bt2b ) Fif
(B S PEAS L B )8, 3@ 45 Primer Primier 6 1% 71
YiRhRE S TUB2 519, T 58 R b &
FH [] A AR A S PR B

1.2.4 LAMP 4k 2 R B &4 a9t N E
LAMP v R, W& 6 MRVIRE, 4
Sk 54, 57, 60, 63, 65, 70 C, TEAERE
AT RN o [RIE, SRR R BB R, R 8 AN
M AT (20~90 min, [H]FE 10 min ) #E47X) HIE

&3 LAMP @k ZFrASI MR EF5
Tab. 3 Primers and their sequences used for
LAMP detection system

Bk FI9F5] (5-3") K
Primer Primer sequence (5'-3") Length/bp
Tub-L1 1-F3 CTCGACAGCAATGGAGTGT 19
1-B3 TACTTGTTGCCGGAAGCC 18
1-FIP  GGAGCTCAGAGGTGCCGTTGC 39
TGGCCACATTGGTGGTTG
1-BIP ACCTTATAGCCCCCACAGTGC 40
AGGGTAGGAGCGAAGGTCA
Tub-L2  2-F3 GCGCATGATCGTCTACTTCA 20
2-B3 ACCAGACTGGCCGAAGAC 18

2-FIP TGGGTAGGAGCGAAGGTCAGT 42
ATACCTTATAGCCCCCACAGT

2-BIP  CGTCCTCGTCCATTTGGAGCCA 39

AGAGCTGGCCGAAAGGA
2-LoopB TACCATGGACGCCGTCCGT 19
Tub-CS-L 1-F CCCACAGTGCAAGATAAACA 20
I-R GCCGAAGACGAAGTTGTC 18

FERS B SR SEal b, i — 2 xR R
Hordirite . BHERNANTIRL LIt L, e
WALl 8 1, 651, 41, 2: 15 %
T Mg™ W0 DNA A HEEM:, 520 9] 5
B 2.3, 4,6, 8, 10, 12 mmol/L Mg> ¥k AL .
1M ANTPs VE A4 18 5 i Sk, DAk MR BE ()
AR 0~1.6 mmol/L, LA 0.2 mmol/L i3 ),
A PR sk D BRI SR Bt 2 2 BEERE S
Prg, Mesh, FESEmGEE e DNA ffdE I
TERLERR A, FE LAMP SO AR A R BIGR
i 1F 0~1.6 mmol/L ( [A]F% 0.2 mmol/L ) ¥k J&EHf B
TR SR AL A . AP RS IR 1.2.2,
1.2.5 LAMP k& R 54+ HEE M
WeBEh 10 ng/pL YMIHEARIE I DNA SR #47 5
IR, BCEMREMESY 10 ng/ul. 1 ng/pL .
100 pg/pL .10 pg/uL .1 pg/uL . 100 fg/pL .10 fg/pl .
1 fg/uL. 100 ag/uL, AN [R]Hk B AR AR I A A &R
AT RN, DABRIA AR R B SR A I R o 74
SRS R, GEEmMEr R D B S E R 7 R E
YR . AR ( Nigrospora oryzae ). ¢ KiIH]
JE5¢ i ( Diaporthe phaseolorum ). i Ji& 8 J) H
( Fusarium solani ). WIMESE 055 6 ( Hemileia
vastatrix ). WIMFEHLE ( Cercospora coffeicola ).
LR fLE ( Grammothele lineata ). B AR 5 %5
( Phyllosticta capitalensis ), HEHU [ iRFE T DNA
A LAMP R RZ b 4743, 4568 #L PCR
YGRS P AT o S kR 1.2.2,
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1.2.6 #RALE &9 LAMP 1k £ x5 & [a] shw ek s 2 4 64
Aol i ECHH 7] SR £ B AN T J 4 %) i vl -
2041 DNA, JP¥ HAE AR 51 AL E 1 LAMP
R A R rp AT, (R BIA FE R SR TR A i
ekl AHrrikl 1.2.5,

2 GRE5SH
21 EREFRERARERFRES S

HITE] i &, AR 5 ASommERR R, 20
HRORL R S B S g (8T 1o BRI 1R G
R L B2 B BOW BIURFAE - 030 B A 1
B OIRIEE; HERBINIEY &, 5] UL
wWEFECRLG FIHERE, KRR RO
e Bk )R Y TN B IR AE A o i R BT 2 7
WIRGERRE, IR R Rk F WG
ISR AE

1 onrEZRE 7 89 H EAE R

Fig. 1 Field symptoms of coffee anthracnose

A MBERVERYIEFE G B:
A: Sample of the Xinglong tropical botanical garden; B: Sample of the Xinglong Coffee Park; C: Sample of the Sun River Base
in Xinglong; D: Sample of the Longyuan Coffee Manor in Xinglong.

2 WNHER RS R R B E AR E R SR AE (AR5 )

PLBEMNHEA PR s Ce

X SR B (R i RE A HEAT L 4003 g, e oy s Al
EARAT 24 A BAH B AR, B AA 5 B L3R 4,
7E PDA 5550k I, £ MR V% Y S LA 38
FRAE . BV ELAR 35~48 mm (35545 5 K ),
e DX A AR 2O (R 22k, D 2 B R B AT
BRY R, IR K R B, HEL
I BB R AT A, M WEEIES
LK 2,

R4 RERSBHRHREHS

Tab. 4 Collection location of Colletotrichum isolates

[E 73 SR k73 SRAE L
Strain  Collection location | Strain  Collection location
DL-1 KR RVEIEH | LY-1 2% st n ke pel
DL-2  RESE R | LY-2  XREREsinmHE:E
DL-3 KEGRB R | LY-3  D4FEpE st R
TYH-1 %R B S LY-4  2RERERGHNEE
TYH-2 24K FH I3 LY-5  ¢BERESUINMEE b
TYH-3 2R AL LY-6  24BERESLINMEE
TYH-4 %R FRR S GY-1  %REmmmE
ZWY-1  XRERA Y GY-2  ¢FEmmmEL
ZWY-2  REPGT YR GY-3 X REmHEL
ZWY-3  2RERT Y I GY-4  MREMIHEA
ZWY-4  DBEPARIY) I GY-5  2%REummE
ZWY-5  PRERAH Y I GY-6  %FEmmmEL

BRI R AT s D D6RERE RGN Rl FE 5

Fig. 2 Colony morphological characteristics of pathogenic fungal strains of coffee anthracnose (partial)

22 ZEFABEEEER

K H MEGA #RF #4 2 T i KL AR ik
( maximum likelihood, ML ) [ RE K FH, X H
b R P 910647 22 7 80 e BAB B o o BT 1 3 1R
F B B K FEI R . ITS (1~502 bp ). TUB2
( 503~885 bp ). CHS-1 ( 886~1076 bp ), ACT
(1077~1289 bp ). GAPDH ( 1290~1475 bp ). 24
FRIRIEIG BB K 43k C. tropicale, C. karstii, C.

fructicola, C. siamense 4 N258f (K 3), H,
C. siamense 7y AL 11 AR (4 BHH
45.8% ), HiZ 5 SRR 2 046 T 5 A RAE LS,
R B E B A
2.3 LAMP KR35 #1H75i%

BF TUB2 JEGRSF X BT LAMP 51945
ST 7R, Tub-L1 51490 HAUK C. siamense
FoE A LAMP P HERRE, THAR 7 BRI R



1738 o AE A F AR

%46 &

LY-6
[ Colletotrichum siamense PCG1
Colletotrichum siamense TW3
Colletotrichum siamense WS2019y1
DL-1
L GY-2
ZWY-2
F ZWY-1
Colletotrichum siamense MXL1-1
TYH-3
{ ZWY-5
LY-1
GY-4
osf TYH-1
ll TYH-2
LY-3
GY-6
LY-4
FLY-5
Colletotrichum fructicola CAASZN5
Colletotrichum fructicola CSSGY4
| Colletotrichum fructicola CMTIJ1

Colletotrichum fructicola BL20
GY-1
GY-5
TYH-4
% ||l GY-3
L LY-2
P .{ ZWY-4
Colletotrichum tropicale TARI-F218113
— Colletotrichum theobromicola YJMB23.1
100, Colletotrichum cliviae CBS125375
‘ 10 Colletotrichum cliviae CSSK4
osf ZWY-3
100 | DL-2
DL-3

Colletotrichum karstii BL14
Colletotrichum karstii CBS113087
Colletotrichum karstii CORCG6
t Colletotrichum kahawae BL12
- Colletotrichum arecicola HNBL13
Colletotrichum arecicola DL9

4100[1 Colletotrichum kahawae BL22
Coll ichum

CBS112996
0.05
| —
B3 ETITS. TUB2, CHS1. ACT. GAPDH
FIHMENREREH
Fig. 3 Phylogenetic tree based on ITS, TUB2, CHS-1,
ACT and GAPDH sequences

EREES (G145 C. fructicola. C. gloeosporioides
) PARK I B R Y1 S5t (B 4A L B 4B );
Tub-L2 5147 2 5 (C. siamense ) F14 5 (C.
fructicola WEASH 5| B4R SR H4( 18 4C (&1 4D ),
BT ROCR KT YR R, R4
Tub-L1 514 (& 5) VBN LLmiiAk R 5 5]
7/
2.4 LAMP EEBIMRHL
24.1 LAMP 4k % BE 5 R et A4 Kl 6
flizn, LAMP ¥ 3R R TE 60~65 C IR HIN
PIReSCHURE ey 1y, S A s (A FH P
WA, Hr 63 CHMTY B Y Ik 44
B M, R IZIRLE S B SN IR B

S FREE S, Gmad i R R o —
A, 45HEH, 40 min B2 AR 22 Rk TR ) 5]
ARV S50, HY RS 90 min ZHICH] B 22
5 (E 7)o %F LAMP FAR PO I i Re 25
AR R A S, P PR 50 min E ABRIE
W] o X TR HE DUREAS iS04 4K s g I
[H] % 60 min DR =P R, HEHMA R I6E
R R AP 1R
242 LAMP 2B A5 RERE R 5]
Yk B LR e R B, IR R AN ST L (F3/
B3 : FIP/BIP) N2 : | BPJGH AT, MMi4: 1,
6: 1. 8: 1 AR/ LR R MY B &I0R
WHEEIC LKA, 8« 1 LY A B = T
HAthzH (K 8), B4EFrpItas kLl (81 1),

A: Tub-L1 ZEERTMALAEN ; B: Tub-L1 BUISHESEI AL IKIE 5 C: Tub-L2 AT ALK ; D: Tub-L2 BN 1K El . M: DL2000
plus DNA marker; 1: FAPEXTEE (CK ); 2: C. siamense; 3: C. tropicale; 4: C. fructicola; 5: C. karstii; 6: C. theobromicola;
7. C. cliviae; 8: C. kahawae; 9: C. arecicola,
A: Tub-L1 of fluorescence visualization detection; B: Tub-L1 of agarose gel electrophoresis detection; C: Tub-L2 of fluorescence visualiza-
tion detection; D: Tub-L2 of agarose gel electrophoresis detection. M: DL2000 plus DNA marker; 1: Negative control (CK"); 2: C. siamense;
3: C. tropicale; 4: C. fructicola; 5: C. karstii; 6: C. theobromicola; 7: C. cliviae; 8: C. kahawae; 9: C. arecicola.

B 4 LAMP 5|%) Tub-L1 15| #) Tub-L2 K% R4
Fig. 4 Specificity detection of LAMP primers Tub-L1 and Tub-L2
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CTGGCGAGCA CGGCCTCGAC AGCAATGGAG TGTATGTCAT GCCCCTTATC TGGCCACATT GGTGGTTGAC CGUTARACTC
HHHKAKHHAHK KRHKHHRARH RHKHKKHHAHE HHHKHRHKHIKET HAATHHHHHHT RARAAHNAAHT HAHAAAAAATH AHXRKIRHH AN

<===== ===FJ===== ==3 < 2 >

TRRCAGCTAC ARRCGGCRACCT CTGAGCTCCA GCTCGAGCGC ATGATCGTCT ACTTCRACGR AGTTTGTTAC CTTATAGCCC
HHHKEHHHKH HHKKKTH KT HHXKKHHHRT HXTRHHHKHT HXTXHHHKET HXFHXXTAHT FHXFHAXTAAHT XA FHIHRH AN

< Fl = = ========F]

CCRCAGTGCA AGATAARCAT ATTGACAAGT ACTGACCTTC GCTCCTACCC AGGCTTCCGG CRACARGTAC GTGCCCCGTG

HEKKEEEEEH AEKKKHHHAH HHKHKKHKHH FHAXKKKNKKKE REEXTHHHHF HHAXHHHAHHHT HHXXXAAAANY AAXEAXHRHH
=========1: < B2 > < B >

CCGTCCTCGT CCATTTGGAG CCCGGTACCA TGGACGCCGT CCGTGCCGGET CCTTTCGGCC AGCTCTTCCG CCCCGACAAC
KAk Ak A KR A A A KA KAk Ak kA hkhd hhkhhkhhdkrdx FHAA A hdhdx FHAXIAXAHAEHXH AXXAAXAARNN AAXAAXTAKATHN XA XA AT XHA
P54 FIP 14 5" 33403128 Fle (F1ITAMTS] ) 1 F2; BIP 19 5'8% M1 37343314 Ble (B1 WTAMNTI) 1 B2,
5’-terminal and 3'-terminal of inner primer FIP are Flc (complementary sequence of F1) and F2, respectively; 5'-terminal and 3'-terminal of
inner primer BIP are Blc (complementary sequence of Bl) and B2, respectively.

B 5 LAMP 5|4 Tub-L1i&itE

Fig. 5 Schematic diagram of LAMP primer Tub-L1 design
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2000
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o 4l S0 - o N LN
DI s B: SEARBREEHCUIKIE . M: DL2000 DNA -\ st i (il B BISARSERE 9K I8l M: DL2000 DNA
marker; 1. CK'; 2: 54 C? 3: 577°C;5 4: 60°C5 5: 63 7C marker; 1: CK'3 2: 8:15 3: 6:1; 4: 4:15 5: 2: 1,

6: 65°C; 7. 70 C. A: Fluorescence visualization detection; B: Agarose gel electro-

A: Fluqrescenc§ visualization detection; B: Agarose jgel elecEro- phoresis detection. M: DL2000 DNA marker; 1: CK; 2: 8 : 1;
phoresis detection. M: DL2000 DNA marker; 1: CK™; 2: 54 C; 36:1:4:4:1:52:1

3:57°C:4:60°C;5:63°C;6:65°C;7:70 C. E8 LAMP 4N ¥R & LA

B 6 LAMP RiEEMRWL , R ) 4
Fie. 6 Obti ¢ FLAMP tion t ¢ Fig. 8 Optimization of internal and external primer
ig. ptimization o reaction temperature molarity ratio in LAMP

A 1 2 3 4 5 6 7 8 9

BEXE M e i 1 IR IR R B, 4~8 mmol/L
JEEIN RS IR 1, B 8 mmol/L HY 1%
ORI, FEIERIE Sty s FE B i (81 9 ). ANTPs
WeBE AL 4h W7, 0.8~1.8 mmol/L #eJF [X ] 1
A SEIA R 14, 8 0.8 mmol/L Y JEH 1R 5
%ﬂ?ﬁfﬂﬂﬁfﬁﬁﬁﬁ( K 10), HARHRE R ANTPs

505 688 AP A A TR B U L0 XIS <

FHEEm I (0.8~1.6 mmol/L ) By i us 3R
BH, LU B AR A 38 480 K g R 2R TG B

A FOUTTHERI ; B: BISMESER UK IE . M: DL2000 DNA = . e "
marker; 1: CK™; 2: 20 min; 3: 30 min; 4: 40 min; 5: 50 min; E/uﬁ ( IZI 11 ) 1E*1?1$§X¢EHWM%W%

6: 60 min; 7: 70 min; 8: 80 min; 9: 90 min. BT WA S b, B %¢TWDEH&MW
A: Fluorescence visualization detection; B: Agarose gel electro- L T . 2+
phoresis detection. M: DL2000 DNA marker; 1: CK™; 2: 20 min; 3: IIﬂE ﬁ JH‘ e E/J ,ﬁE ’f'{ﬁ M: /% j\] " 8 mmol/L Mg N
30 min; 4: 40 min; 5: 50 min; 6: 60 min; 7: 70 min; 8: 80 min; 0.8 mmol/L dNTPs, H I U InEH 20 o
9: 90 min.

E7 LAMP & RE 4L 2.4.3 LAl\fP " %fiﬂ R EJ#%%'i:%fliﬁ Xt
Fig. 7 Optimization of LAMP reaction time o B RERTAR AT R U Sk BoR , K R
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2000
1000
750
500
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100

A PO ALK ; B BUARMESEC B IKIEl . M: DL2000 DNA
marker; 1: CK'; 2: 2 mmol/L; 3: 4 mmol/L; 4: 6 mmol/L;

5: 8 mmol/L; 6: 10 mmol/L; 7: 12 mmol/L,

A: Fluorescence visualization detection; B: Agarose gel electro-
phoresis detection. M: DL2000 DNA marker; 1: CK"; 2: 2 mmol/L;
3: 4 mmol/L; 4: 6 mmol/L; 5: 8 mmol/L; 6: 10 mmol/L;

7: 12 mmol/L.

B9 LAMP Mg“:as—i_,&l#ﬁ%ii
Fig. 9 Optimization of Mg”" molarity in LAMP

PR ALK ; B: BB BB LUKl . M: DL2000 DNA
marker; 1: CK™; 2: 0.4 mmol/L; 3: 0.6 mmol/L; 4: 0.8 mmol/L;
5: 1.0 mmol/L; 6: 1.2 mmol/L; 7: 1.4 mmol/L; 8: 1.6 mmol/L;

9: 1.8 mmol/L,
A: Fluorescence visualization detection; B: Agarose gel electro-

phoresis detection. M: DL2000 DNA marker; 1: CK™; 2: 0.4

mmol/L; 3: 0.6 mmol/L; 4: 0.8 mmol/L; 5: 1.0 mmol/L; 6:
1.2 mmol/L; 7: 1.4 mmol/L; 8: 1.6 mmol/L; 9: 1.8 mmol/L.

B 10 LAMP dNTPs i& K E i 1E
Fig. 10 Optimization of dNTPs molarity in LAMP

DB 100 pg/uL, BIAR MR A 10 pg/ul B Jo 2%t
(B 12), [EREENZE, % PCR 7E4H FBAR
WRE (1 ng/pl) AU EMES 574, 1 100 pg/uL
B e oY HEEE R, IESE LAMP ) R 3 48 PCR
Z/ERF 1 AEEY

K 7 FIAE 96 I T B A BRE M E R R DNA 3
T8 SEYESAE, & 13 Fas, SYBR Green [ %¢
et o AR R % R IHE (C. siamense ) J

Az POETTHAKT I ; B BUIRKEEEMC LUK A1, M: DL2000 DNA

marker; 1: CK; 2: 0 mmol/L; 3: 0.2 mmol/L; 4: 0.4 mmol/L;

5: 0.6 mmol/L; 6: 0.8 mmol/L; 7: 1.0 mmol/L; 8: 1.2 mmol/L;
9: 1.4 mmol/L; 10: 1.6 mmol/L,

A: Fluorescence visualization detection; B: Agarose gel electro-
phoresis detection. M: DL2000 DNA marker; 1: Negative control;
2: 0 mmol/L; 3: 0.2 mmol/L; 4: 0.4 mmol/L; 5: 0.6 mmol/L; 6:
0.8 mmol/L; 7: 1.0 mmol/L; 8: 1.2 mmol/L; 9: 1.4 mmol/L;

10: 1.6 mmol/L.

B 11 LAMP #3EHaRIE R E i
Optimization of Betaine molarity in LAMP

Fig. 11

BM1 2 3 4 5 6 7 8 9 10

bp
173

: FOLF LRI ; B

C: 43415 LAMP #1 PCR (B 5 i
HQLEE{]T(T\\/(Wa M: DL2000 DNA marker; 1: CK; 2: 10 ng/uL;
3: 1ng/ul; 4: 100 pg/pL; 5: 10 pg/ul; 6: 1 pg/pL; 7: 100 fg/ul;
8: 10 fg/uL; 9: 1fg/uL; 10: 100 ag/uL.

A: Fluorescence visualization detection; B, C: LAMP and PCR

agarose gel electrophoresis detection, respectively. M: DL2000

DNA marker; 1: CK"; 2: 10 ng/pL; 3: 1 ng/uL; 4: 100 pg/uL; 5:

10 pg/uL; 6: 1 pg/uL; 7: 100 fg/uL; 8: 10 fg/uL; 9: 1 fg/uL;
10: 100 ag/pL.
B 12 LAMP R ERIE

Fig. 12 LAMP sensitivity verification

WA R R BB 2R DO, HARREARS IR A
JiEo T 1% BRI BE I Ukt — A IESE,
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(EER TN RN BN i N = PO RS S
o LR 2 O ARl o £ 2.3 Sl A 2R K
R SRR, AW ST A ST A i I T
C. siamense LAMP [ AKZ EAT 5 B e

1 2 3 4 5 6 7 8 9
BERRIRRI
LLALLLLL)

M

3 4 5 6 7 8 910

A 10

A SOEATHAEIEI; B. C: 43518 LAMP Ml PCR B BUI ¥ 5E
JEHLEKAG I . M: DL2000 DNA marker; 1: CK'; 2: % R0
W 3. MBI 4. SRTRESW; 5. MERIIE; 6. Lk
LB 7. BT 8. WIMFBEFER T 9. WnmERAME
10: Mkt F-

A: Fluorescence visualization detection; B, C: LAMP and PCR
agarose gel electrophoresis detection, respectively. M: DL2000
DNA marker; 1: CK™; 2: Colletotrichum siamense; 3: Nigrospora
oryzae; 4: Diaporthe phaseolorum; 5: Fusarium solani; 6: Gram-
mothele lineata; 7: Phyllosticta capitalensis; 8: Hemileia vastatrix;
9: Cercospora coffeicola; 10: Coffee leaf.

B 13 LAMP 45 R IHE
Fig. 13 LAMP specificity verification

244 LAMP/RZ#nwamRE  45R0K 14
fas, HTSRER 12 HumMER AL LAMP
K@, BEfh 2. 4. 5 IR R B L E st
56 SO, B BEARE S R UK AT DLV TR O 25 5
Hoaxy 7 PR, Ik ¥ & . [RI2D
1THY PCR HikEik4e (5% Tub-CS-L) £H, FH
PEREAR 2, 4. 5TE 173 bp Ab B BIREHESA, 5
LAMP il 25 58 —% . 582k )5 19 LAMP
A Z2 AT B T ARG T T R A AS v g e a2 S TR
( C. siamense ), H A J& HH A 7 L PCR 4% 62%
(LAMP } 50 min, PCR & 130 min ), i /2 HH]
FEASTRGE | O U ARSI 5K .

C M12345672891011

bp
173

A SOLATHEIEIN; B. C: 43510 LAMP Ml PCR B BIRHH5E
JEEL kAR . M: DL2000 DNA marker; 1: CK; 2~11:
FH ] Wi A o o
A: Fluorescence visualization detection; B, C: LAMP and PCR
agarose gel electrophoresis detection, respectively. M: DL2000
DNA marker; 1: CK"; 2-11: Field coffee leaf samples.

B 14 LAMP HE# RGN R
Fig. 14 LAMP field sample test results

3 itig

VE R i LT Y B 2R 2 —, R
J& FLE D 2 A B AT AR Y (FF
IS ACR M AEY) ) 1 ™= E T, A AE e
AL, AR o A A0 o BRI (C
siamense ) F W) H POR M E N KA RIEH ( C.
gloeosporioides ), J54&%#H RGBT, Bl Al
SE R RIS ST 2 R G R B T
V5, X 24 BRUMME SR TR o3 B MR IEA T 0 B A E,
Tl BREEE NGB B R (o B AR B
45.8% ), Horfide)”, FUHFME. X—40R5
ATIFE — 20, LRI = rE L T
74 BRUMMESIE T 48 7 Do B, Hobai
BB R (32% )5 BSEEE%t 55wl
W A IEL 9 T 1) 7 2RI 50t 8 7s 8 29 9L T b A 3
M, LIk 43.64% (EAREERYE, B2 FIHR
ABUR TR | AR AR 3 FpE 2R R
(2 R, HLN AR 3 L BA 58 UL fE
J1, N6 P 2 AF AR B AR AR A AR
SEGZI I TR B i B ), ™ LA T
FF ) P L9955 1 s B 270 R, ey B
T LAMP R 1 BRI A 2L, 455 D el M
SIS WIS Tz 97742 R AR WO 5 A I
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% 46 &

A7 RS B AT H B S AN L

LAMP FARJEH T4 = P51 ) 2 S0 HL
i, IR 4~6 FH0 ) SRR AT X 5 S8 B8
R EY RS, AR RME T T Y 5 AR 8 ™
K EANUREL, FHAFTER RS RCB B, W3
Jei AT, TR CRAS I ) o B R S Pk o AH AT
&4t PCR A X AU AR IS, LAMP £
PHCE R B RE v, Wik T i B IR T i
it ok [y, ZEORIAY IR . 45280
MACEEOL A, PRI IS T2 S0 = sl B R A2
B 7 ) e A 75 SR U2 28,

LAMP $7 AR 19 S B0 7F T F0AR 28 DX A9 R 1ff
e, FLSCEBEAN N SRS, HANE 2SR
F RO IX B o B RLN I ITS . TUB2 S KA1,
UTAE A KA ST Hi R 5 16S rDNA . CYP51C .CYP450
25 PR PO W A PR T A S
W (C. gloeosporioides ) W ITS %5 X 3844 # 1Y
LAMP K&, %K R X% K% w i ( Botrytis
cinerea ). Mk JE R ( Monilinia laxa ) ZFFMTC
P12 % . ARAVINDARAM %5315 T b g
B ( C. capsici) /) TUB2 JEFAH T LAMP KR,
AR R X SR G5 BRI T ( Macrophomina phaseo-
lina ), BEARIEE ( C. gloeosporioides ). i ) Hik
JIW ( Fusarium solani ) 2% 8 Fiji 5 ¥ I 3%
FoREEPYIF R TR RERE (C gloeo-
sporioides ) TUB ¥R IR R , 14K R X3R5
SIEMRTE (Alternaria alternaria ). SERFE IR
B ( Trichothecium roseum ) 254 UL iR B A4 ™
WA, AW LL TUB2 55 X 38+ 51 R i
bR, it LAMP PR [ W4, it Skl 3
M, ZIR RS BAME ( Nigrospora oryzae ). WiHE
SeHIEETE ( Hemileia vastatrix ) 55 7 FhIEREAR B A&
TeP G, FEXFAIHEN 7 MMEGFN (C.
tropicale . C. fructicola, C. karstii % ) IR I3 X
Ko WA, S B o — 2D HERR 1 o i
[KIZH DNA GFAG I 25 R i v AE 90, IESE 7%
LAMP #6007 28 (e 57 1k 5 TS

LAMP [ v 74 i A MAR ARG I ok 5 't
A5, WA SYBR Green [ | S5 4K 46 5 T
EEY . REZEBE (HNB) SH1T8IE, 5
9, HNB 5 SYBR Green [ ({460 52 )% B %
PEFHALFE /R 5 SR1T, HNB 09 52 ML H K T
J it R TP AR BEUIIE R BUW pH ARfk, HIk
JET ARG IR, W w2 il Bst DNA R4 i

TEPED AR RFSE 3 £E SYBR Green | {E R38R 5,
HOWEE DNA &5 G FRMnl ey #2410 B B
YEOCRIM , ARG 35 MR Z) 7 AR R S
ge, TR PAT o ICERAE (FEAS R | P73 X
Rl XA BRRR S ) T LA SR h R KR . AR
WV G U, AT AP AS R DU SR R, B4 SYBR
Green | Tifil% PCR &35 NEE, 1455
O IR S R N R I SR IR A, R
AT A R ARG AL B 55

3k JEr A A I R R 1 8 B e T ) R 02
WL BE () T B S HU . AT EE 37 10 WA 7 S 975 AT
B IRIHE (C. siamense ) LAMP 1K Z&, 486
s B i, R ARSI PR > 100 pg/ul. %R
HE S CRE R ] H %8R ( Sclerotinia scle-
rotiorum ) PO S H T RSB E ( Diaporthe
phoenicicola ) PR Z MY . A FIWFSE K £ (6]
RAYPEAFAEZST, T PRSP T 3 4 % 0 14
TR R REUE L 500 fo/ul, T/ H %0
R 3 SR R I TR A ) LAMP {4 22 HL R B
KR 1 ag/pl, REER 25l (e SRR
DI BRAA T A K. RAEARIRR N R G
b T AR, (BATHL TR B PCR H0R

3 L TRT AR R DR 4 S S W M B I 25 65 B
FER R WAL IATT L5 e g 8 00 Py e 2 e
N B R R 2 M o AR SR I T P R JH R ( C.
siamense ) 1) TUB2 K& DX'Re 5 X8, Dyt 1 2
Fre@Asfb . PERS 9 LAMP Rk & o ik
RWH T 0 TR R R R .
DAL RE 5 A e S I B AL, Ay WA e S5 1)
L2 Wt Ko HORS Ui Bl 455 SR W 1) 52 it i A1k R 32
£, R HEA B B R R 2R G R SR e
i, Al AR 7 b H A DS A
HRES%,

Sk
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