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Development of a LAMP assay for the detection of Phytophthora vignae
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Abstract A set of four primers for loop-mediated isothermal amplification (LAMP) were designed according to
the internal transcribed spacer (ITS) sequence of Phytophthora vignae. The LAMP reaction conditions were opti-
mized. The specificity, the sensitivity were assayed and the diseased cowpea tissues were detected using the opti-
mized LAMP method. The specificity analysis results showed that eight P. vignae isolates from different counties
of Fujian were positive (green color in reaction tube) and the reaction products showed typical ladder-like banding
pattern on 2.0% agarose gel, but 29 isolates of 11 closely related species of oomycetes and 13 isolates of other
plant pathogenic fungi and bacteria did not. Sensitivity analysis indicated that 100 fg DNA in 25 #L PCR reaction
solution could be detected using the developed LAMP detection system. A total of 62 cowpea suspected infected
samples collected from Jian’ou and Ningde County were examined by the LAMP detection system and verified u-
sing the conventional tissue isolation method. The results showed that the detection rates were 67.7% (42 of 62)
by the LAMP assay and 61.3% (38 of 62) for the conventional culture method, respectively. We concluded that
the developed LAMP assay was specific, sensitive, fast and simple, and can be used in field detection of P. vignae.
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Table 1 Isolates used in this study
i A E
Species Host

Source

Viaty e

No. of isolates

UL 5% % Phytophthora vignae

T JNPERE P. melonis

AT P. fragariae

HURREFE P. infestans

KGPEFE P. sojae

JHEERERE P. nicotianae

tENEE R P. palmivora

HHRERE P. capsici

WAEERET P. citricola

KIEPEFE P. megasperma

THLFEPETE Peronophythora litchii
RN JE R Pythium aphanidermatum
sk IR E Colletotrichum truncatum
BRI E Fusarium oxysporum
SIAGZ24%# Rhizoctonia solani

KA % Botrytis cinerea

H 2 K 5% Ceratocystis fimbriata

B S S E Uromyces vignae
KITAHIZE 55 Phomopsis asparagi
W Aspergillus flavus

TEERS L Alternaria solani

BN AR Xanthomonas campestris
HREAMIE Pseudomonas solanacearum
TR B RBUR 2SR Pseudomonas syringae pv. lachrymans

9l . Vigna unguiculata

w5 )\ Cucumis sativus

Bi4i Fragaria ananassa
LA Solanum tuberosum
K& Glycine max

HH*E Nicotiana tabacum
KAEE 2L Cymbidium hybridum
B Capsicum annuum

MHAE Citrus reticulate

K& Glycine max

5 K% Litchi chinensis

# ) Cucumis sativus

1.5 Vigna unguiculata

K& Glycine max

IKAE Oryza sativa

LLEAEE Solanum tuberosum
HZ Ipomoea batatas

9L 5 Vigna unguiculata

P9 Asparagus of ficinalis
WA Arachis hypogaea

Bt Lycopersicon esculentum
895 Vigna unguiculata

Fedhi Lycopersicon esculentum

# )N Cucumis sativus

f& % Fujian
f& % Fujian
fE#E Fujian
5 Fujian
& Fujian
@z Fujian
fEE: Fujian
fEE: Fujian
J %< Guangdong
- Anhui
fE#: Fujian
f& % Fujian
fEa: Fujian
& Fujian
&% Fujian
fa % Fujian
fa % Fujian
fEE: Fujian
5 Fujian
5 Fujian
@ Fujian
fEE: Fujian
fEE: Fujian
R Fujian

[oe]
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J¥415 GenBank Bl 22 h 85 5% 1 30 2R s i s
T AT W5 734 F ] Primer Explorer V4 %%
TFELRBETT 4 45 LAMP 5149, Hp4h514 0k F3(3'-

TATCAGTGTCCGTACATCAA!

CTTGGCTCTCTTCCTTCCG-5") f1 B3 ( 3-TC-
CTCCATTAAACGCCGC -5") . Hif N 51 ¥ FIP (3-TT-
CAAGGGACTCGCAGGCAGTGTAGTCGGTGGATG -
GAGAC-5") . F1 W10 HANT S Fle fin | F2 #4
W, J5 M B4 BIP (3-TTGCTCGAAAAGCGT-
GACGTTG-AGCAGACAAACTGGTCGC-5),
BI By [ [a] HAMNFF Ble i1 B2 # 8(& D

F2

TGTAGTICGGTGGATGGAGAC

Flc

GCC.—\GACGTGAGGTGTCTTGCGGCGCGGCCTTCGG_—\TG

Blc

TACTG.-\ACTGTACTTCTC_]TGGTTGTGGAGGCTGCCT

B2

B3

GTATGGCCAGTC GGCGACCAG]TTGTCTGC_GTGTTCGATTC

F3. FIP [ Fl1c-F2]43 #1/&B3+ BIP [Ble-B2]i H M5

F3 and FIP [ Flc-F2] represented the reverse complement sequences of B3, BIP [B1c-B2], respectively

B 1

SIEEE LAMP %5575 M1t B

Fig. 1 Partial sequence of Phytophthora vignae I'TS and the location and sequences of four LAMP primers
(F3, B3, FIP [ Flc-F2] and BIP [Blc-B2]) targeting the P. vignae isolate
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PR 65°Cy R NIE A 1 he PEAG S FH A6

ULE AR I LAMP fefE Nk RN 25 pl: 4§



o 122

5 4Ly 2018

2.5 pl. 1 X Thermolpol buffer, 1. 0 mmol/L. dNTPs,
0. 2 mmol/L 45 |% F3 #1 B3, 1. 6 mmol/L NG|
FIP 1 BIP,0. 8 mol/L =28, 6. 0 mmol/L &g
4,8 U Bst DNA B4, 10 ~50 ng DNA #iHg,
50 pmol/LAG#EEE I 500 pmol/L G Ak4 AN JE #
XK RS K FN L o SOV 554 R :65 CilRE 1 h,
85 CKif 5 min, JWFCRUIE 2 o,

a: LAMP= Wy BB G IS HLURASIN 45 51 b: LAMP= M85 8 4 54 58
gk, M: DL2000 DNA Marker; 1: B HE(-); 2: BLEFER(+)
a: LAMP assay detected by 2.0% agarose gel electrophoresis; b: Visual
inspection of LAMP products stained by calcein, M: DL2000 DNA Marker;
Lane 1 and Tube 1: Negative control; Lane 2 and Tube 2: P. vignae

B2 LAMPRENEIZESE
Fig. 2 Detection of Phytophthora vignae using the
optimized LAMP system
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439 DAL SR B B bR AN AR UL SR B R R Y
DNA J AT LAMP § 3 52 3 25 R 3 81 7645
W R - AR R FIER TR .65 CIlRE 1 h J5.8
AR B R U5 A U1 E R B LAMP 7= 49 34 8 /R 4
o A AR 11 R AN [R] O BR7 S 2% Pl 2 12 g
D33 J5 B0 TR R 20 T LAMP 7= 49 34 5 7 A7 o €6, (J&]
3b), WU 2 pL R W 200 W SRR W O A
FL KR L 45 LR T S 2 LAMP 3739 7= gy 1 04
A BRI 2 A1 o A5 I B WA Hh AT fif 2ty
(Bl 3a), Z55FM AW LAMP J5 % 0L
SRR AR R S
2.3 RPERNLER

H T HRUE LAMP & 2 1 2 808, UAS [R] v B2
(10 ng/pl~1 fg/pl) U1 G #EF DNA BRI T4
B8, B B R M e R I 45 RL. M 10 ng/25 pl B
100 fg/25 pL Byt DNA B 0] LLH 3 LAMP ;=4
i BRRIE 454 (18] 4a) 2481 58 8 DNA WK >
F 100 fg/25 pl. WA HBUTAT 207 . DLk

ZER S BB PHEEI TR — B0 (B Ab) L BB
LAMP Jz iR Z 0] Dokl #) 100 fg /25 pl (Y8LE
RERFIENY] DNA,
8 9 10

a: LAMPP= W S5 IR B I DR AR 45 515 b: LAMP P4 5 8¢ 4 89 6 A 25 5. M: DL2000 DNA Marker; 1: B IE; 2~6: 4355
A7 I X A ST TR R 7 3 RRERE 8: BORBEER: O MIRERERE; 10: BRABCRERR: 11: )RR B 12: RIBHRALE; 13: SLAGZZAZ T

a: LAMP assay detected by 2.0% agarose gel electrophoresis; b: Visual inspection of LAMP products stained by calcein. M: DL2000
DNA Marker; 1: Negative control; 2-6: P. vignae from different counties of Fujian; 7: P. melonis; 8: P. infestans; 9: P. nicotianae; 10: P.
capsiciy 11: Pythium aphanidermatum; 12: Fusarium oxysporum; 13: Rhizoctonia solani

3 LAMP FiEie Bl 2R ERERMT
Fig. 3 Specificity analysis of LAMP assay in detection of Phytophthora vignae
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TRER K RN 61, 3% i LAMP J 3k 4G i
42 Py BIPERE i Ll B A8 48 0 15 588 Y 38
By K Ak 67, 7%, Hirp, fE SR AR Y
32 UL e v AR G800 1 7 1 M I SR
21 fy K HY %k 65, 6% . LAMP J7 36 I 1 BH 7
FEMR 24 03 K H R 75, 0905 7B TER A 30

(NGRS S L W N Rr S S NG 1
0y s K O 56. 7 %6, LAMP J5 3 K6 0 1) BH A B
18 iy K th 260 60. 096, 5 g FRUL T 412 2 Fif
TIERM S R BIE . 3 R S B — B R T
LAMP J5 3k ol F T & 91 G A0 W) 4 S rh e 2 1Y
LRl

a: LAMP =4 B Jig Wi e I FL VR AS I 25 51 b: LAMPF=4) 4 8 4 RO A 45 5. M: DL2000 DNA Marker; 1: B4 if; 2~9: 25 ul
VAR Z 43 4410 ngs 1 ngs 100 pgs 10 pgv 1 pgs 100 fgv 10 fgv 1 fg DNA

a: LAMP assay detected by 2.0% agarose gel electrophoresis. b: Visual inspection of LAMP products stained by calcein. M: DL2000 DNA
Marker; 1: Negative control; 2-9: Amplified products using DNA at concentrations of 10 ng, 1 ng, 100 pg, 10 pg, 1 pg, 100 fg, 10 fg, 1 fg,

respectively, in 25 ul. LAMP reaction

4 LAMP FiENEIEREREE
Fig. 4 Sensitivity analysis of LAMP assay in detection of Phytophthora vignae
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G191, Huang %" DL ITS 551 R $E 5 503151
Yt 3 B 1k A7 PCR R I, HL 6 I 52 Al B 7
DNA JKF- 28 10 pg/pl; #L kRS HR S 1TS 7
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41 LAMP 5147, ] R D0 380 5 25 R 898 P DNA IRV
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F14) T B | PR A1 52 A0 A BT 8 e R ARG Ty 1, HEAG:
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X R [ A B B SN Ik e T SRR AR R A A
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5 20 P MR g 2 R W B L ) T B L T X
ot S AEARAR AL (ER FH BB 7 35 AN ) S AR
AR TR B VA S R A 7 7
REA SO IX 33k W ARl 35 3l 9 1 AT B 96 1 it A 24
TR

PR L 225 H DAL A it o R BB e 7
A ] DNA S #1770 7 AR W) 2 BF 52 10 3 22
AR, 4t CTAB $2 UL . AR DNA ¥k B2l
JERYRE G AR A 2P PR AT % FEIT I HL 5 S5
Beo J3oh Wy AT S5 A P 5y 1 MR B TS
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TR s BB BAE I 0 20 Bt S, A
TR T — AN E R K T B B AT, HL5 SR a5 i SR
PR B A b B A AR T, AN TR LT
KA A1 AT 256 NaOH PR 42 B DNA £
5T ST A 11 S b A AT BE . 1 AR A EL
LR LA U AR AL T S [l S Al AR 7 B
b 3 PG IS WAL T HE S5
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