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Visual rapid detection of Aspergillusniger in Zea mays L. by loop-mediated
isothermal amplification

CHA Shao-Zhen, YANG Shuang-Yan, LU Shu-Lin, LEIJ ja-Wen"

(College of Life Sciences, South-Central Minzu University, Wuhan 430074, China)

ABSTRACT: Objective To establish a rapid visual detection method for Aspergillus niger in Zea mays L. by
loop-mediated isothermal amplification (LAMP) technology. Methods Based on LAMP technology, specific
primers targeting the key ochratoxin A (OTA) biosynthesis gene OTAhal were designed. Through screening of the
primers and optimization of conditions such as primer sequence, primer ratio, reaction temperature and visual dye,
the optimal detection conditions were determined. Using the total DNA of Aspergillus niger and artificially
contaminated corn samples as templates, the sensitivity of the detection method and the feasibility of its practical
application were validated. Results The optimal primer ratio was 8:4:1, the optimal reaction temperature was 64 °C,

and the method could complete the amplification of target DNA within 30 minutes. The color of the positive sample
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changed from violet to blue-purple. This method could detect DNA concentrations as low as 6.87x10~ ng/uL. When

applied to actual Zea mays L. sample testing, it achieved a detection limit as low as 10" spores/mL. Conclusion

This method is simple to operate, highly sensitive, and does not require sophisticated instruments. It can be applied to

the detection of OTA in actual Zea mays L. samples, indicating broad application prospects.
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MR R A (ochratoxin A, OTA) I FEAE T/NE |
oKL R EL R A AR R, A
S OTA 5 RVEY TN 2 2 faF !, HErE
fh i ML 51 23 (Codex Alimentarius Commission, CAC)#5 H,
B H AR OTA AR ERIED S, OTA X ZFh )
Yy HA AL | SR | R | S B nsoE b
AR PSSR INRKAS %K ZE 5 2 (Joint
FAO/WHO Expert Committee on Food Additives, JECFA)ZE
2001 AEFZ RSN AT REBUE Y (2B) 1, A LA
HIBFSE, B2 (dspergillus niger) 2 " EIHLIX £ 2K | /NI
IKFESER Y h o B B i W R Z —, FFg0A 2
A S OTA i !,

B 55 77 3 L DA ARSI Jr vk 2 BRI Al T B A 1k
BRI 0 BRI AE S S W P R T
VER, EAFER IR . BB A = S s, X
LI RIS S P /oK . IRk, A FAY
2R B PRGAR T Ry 7 EL DA R R TR A L . R
& st X )2 . (polymerase chain reaction, PCR), SZH}2¢E
FE i PCR (real-time fluorescence quantitative polymerase
chain reaction, qPCR)ZH R E S P 1 HFrILA, SEP T X
PR L A R . R T e, SR
SR Y1 (loop-mediated isothermal amplification, LAMP)#%
AP | R R R A A, TR L RS
AT 4G 32 ST LAMP HRFIF 6 RhERS 514,
TETEHL A& T (60~65 °C)RI 5Bl DNA HYFREY 1Y,
T A R LS B R SRATAG I 25 202 A T A SEH) PCR
AR, LAMP £iAR T 2 AL ER A, eI, 9038
BP0 5 E RS OTA ML, x4 = 7
TR, AT AR AP s e KU, R SR BBt B 1 OTA
B R, DA IR E S OTA IS i, fRIER
ERE A, AR, R R AT LA RN . Azt
FRUEPRAEIRT, i e PR LR 2 ik Al

H T 2 B 9™ B 5 R vk, 2 A X B
FEPEATAGIN G, B RS I A A, HIC TR X 4
BERAR SR B MR . T4 T RO e B S B ULk
RT3 B S B AT AR AT £ B o SR U
B, MELATE R G P i A oK . A5 T LAMP
R, #xF OTA " # REEP OT4hal BEIHFERET 1Y),

FHTFAGIN K i) B 2, AT LLAE OTA 15 5L 5L AT B
PERNTIE, X RN AL e AR ERE L.

1 #MR57H%

1.1 #E5F

Hihd CBS513.88( AR MEM MR P L); R
A (Fusarium graminearum) . L% AKEE (Trichoderma viride)
4% 5 B (Penicillium citreo-virde) . 1 WM B (Aspergillus
clavatus)(H E DA Y BRI B0 .

2xTolo Super LAMP BRI . SOXLAMP MGk}
2xQ3 SYBR qPCR Filii i (bt # s A R FR 2 w));
KB e (oriral, bl oA bR A IRA T,
PR R (i al, EZEEAERRARA ), R T
(eriochrome black T, EBT)(4#r4ti, Kidia BEAMEH A
FR 2N wl); 2 3 25 B i (hydroxynaphtholblue, HNB)(4fi &
80%, LT RIEFRIBABRAT), BB DNA [k
AR & [B511139, 4 TAY TR (LI BRGARAR] 5
B EI e R 35 5 (potato dextrose agar, PDA)(H & i
HAEYHARF IR ),

12 HF5RE

T100 PCR {¥ . CFX Opus 96 #¢)/65 ft PCR X[ 11 5RE
B i (I ) A PR R DB 8 T4 i v (RF 22 S 34X
A BRZAF]); HI850R iy B VR 1250 HILGHI R i A S 36 2 Y
W RABRATD); HX-21G PR 20 220 M il 654 (R HERR A
LSS AT RN W]); THZ-98A B IR F5 48 ([ IEHIE — K 5%
AL %845 BR 2\ ]); Nano Drop one MU £ 4MIOLREH (3
EFEER R B A ]

1.3 XWFEE
1.3.1 514kt 54 %

JLFR™ OTA B E R H OTA &L 54 A K<k
B OTAhal WFGKREA N, OTAhal YAEIATAEZ
Fhi= OTA RYEE Y, S5 OTA BRI SEHESE .
CBS513.88 OTAhal B[ Y GenBank & 555 MG701892.1,
PEHL 800 bp K/NKIFHI, £ LAMP 5I¥#EL%itHF&
(http://primerexplorer.jp/lampv5e/index.htm)#E 17 5| #7511,
& LAMP 598455051 11(F3, B3) AN 5 H(FIP,
BIP)LL K P~ ER5 ) (LF, LB), —3Li%it 748 LAMP 5149
(PM1~PM7), —#1 PCR 5|#J(hal-F: GAGTACCTCGCGGG
CAGACA, hal-R: TTGAAGAATGTCGCCAGCTGG), —#H
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qPCR 5| ¥ (hal-qF: TGTCACATGCTCTGTAGGATTGG,
hal-qR: CCCTACCTGATCCGAGGTCAA), ZHLETAY
TR M)A IR A /T E K .
132 A#e9iEf 4 H 4 DNA 25

PELNTR T R A THE R IR, ERZZE KR
A BB fif 1 22 5l 35 7 7 i BER AR 7 FH LAREX DNA; &
B 100 g WM A 600 pL JRAL+ /5% 5 = 1 4%
(cetyltrimethylammonium bromide, CTAB)Z#H I 6 pL S-
ik Wy, B 720 %% 1 h, SRJG/KH 1h, A
600 pL A7 (25:24:1, V-V V)RIZWRSHRS), 4 °C
T 12000 r/min #§.0> 10 min, BLEIEREEFE B0 1.5 mL B0
Brh, BRI S UG m R SRR N
I, BT 4 cCokKFEHIIH, SRIETE 4 °CF 12000 r/min &0
10 min, 2% L3, F 70%ZBRTEUIRE 2 IR, 155kH 2
HERJENIA 30 uL 4K, 155IFEHELLE DNA, i 3ishs
BEIE DNA AR HI G0 OTAhal FEDR )3 BREA 7 I, i
LHMMEOEETE DNA #E 5 T-20 °CIRAF
1.3.3 LAMP 514 ihik . 5|4 ot Fo BR 2 EARAL

HHL LAMP 1 B ARRAA 2 B R SRRl 25 uL,
#iz# TOLOBIO W {K%: 2xTolo Super LAMP TiiR i
12.5 pL, 10xLAMP Primers 2.5 pL, S0xLAMP #¢%:3Lk}
0.5 uL, Target DNA 1 pL, ddH,O #M& % 25 uLo N TR 1<
TS e, TEINRESE UG 53 AN 25 pL B W) xt S g 4K
FiFThE, #EETYO0E R PCRAL FiE 30s 4 11
TEIRRIEDONAG S, VAT 90 °CLL 1L o 51 vk i
LL 5 (FIP/BIP: LF/LB: F3/B3)#% 8:1:1, 8:4:1, 8:6:1, 8:8:1
ATk, #E 61, 62, 63, 64, 65 °CAME R UEATIRIEMAL .
1.3.4 LAMP AU £ %

W AR | A GG IR B S, R IUH B DNA(F &
W E N 6.87x10% ng/uL) B4l /K (ddH,0)iESE 10 66 EE 75
B 6.87<107 ng/uL, KUY EIH OTAhal 3EH A B (M
JE R 1.37x10" copies/uL) [A] B B FE 6 B &= 1.37x10°
copies/uL, 43538 i 5L LAMP 8 28U .
1.3.5 BALLAMP #H5F ik

435 LAMP iR 2 A 4 % KEHZ EBT.
HPELL . HNB AER BIAE R A, i LAMP 351 5 A4 A
A3HFe LA 30 min A 2N Z8 (b fR], A R 28 a5 A
LAMP (R ZE 1784k, Tikiad &1 LAMP H ALYk,
1.3.6 B#HLLAMP Z#E £%

¥ 1.3.5 difk 0 H G EHINAS] LAMP (KR,
X 2 s B 119 5, DNA(JEIR A 6.87x107 ng/uL, ddH,0 10 %
KR B2 6.87x107* ng/uL )47 0] AL LAMP K&, 52
HH LAMP R &R
1.3.7 BALLAMP 4 FH £

PRI AN/ P LA 4 FRECR: RN, SR
&, EOEE. BRE, IR DNA R, FIREE
CBS513.88 £ DNA Sy fHHRT AR, ddH,O SERHXT AR, 44 HAL

LAMP J5 g A 0, X6 5 36 B R S A T IRAIE
1.3.8  SEFRAEREN R T ik F 3tk

FEBFRI 0.2 g 28 (1T RIR, # R 2 AR I
(4 2.0 mL B0 o BRI LTI U 10 A5 2 i BR (Fh
10° A~/mL FBE 2 10°4~/mL), #:Fh 200 uL % TR,
16 28 °CAMF TS 2 h )5, F CTAB B4R DNA /£ R
KAt [ SRR TS YA ok DNA AR R B X I8,
FHASHFSE thge sy i B LAMP J5 7 K23 31 qPCR 5 ¥ E1 T
K FIRT L, qPCR FO AR R 3 1.

%1 qPCRRRFER
Table 1 qPCR reaction system

44y PRFR/uL
2xQ3 SYBR qPCR iR i& 10.0
hal-qF 0.4
hal-qR 0.4
ddH,0 8.8
DNA 1

1.4 BIENLIE

BATRIKE 3 ANEL, HM LAMP &l /5 H Canon
EOS R6 14, MIRIER F80R —30, i a2 50y 1w
o £EBE 35 mm, G /4, BEOGEHE] 1/250 s, JEOGEE 100,
B0 K2 B Origin 2024 B 4:53#:47

2 HER5SH

2.1 OTAhal £E FE PCR # #E455R
A& 1 A PCR FEd s 2 W RCR, 15 Bk 800 bp
KN, REPAER Y1, i8] PCR S1¥3-&FE, Al

Pl Yl I OTAhal 52 B BEF T F — 2505
bp M 1

3:: M. DNA Marke; 1. OTAhal F£H 4745 o
Bl 1 OTAhal 3:H 2547 (800 bp)
Fig.1 Gene bands of OTA4hal (800 bp)

2.2 LAMP 3|1k

MG 2Ot LAMP 4522(8 2), 514 PMI1 7 4 M
RN R A5, ELBAYEXBRTE 120 AMEERNTCY 4, X
HHAILES Y, PM1 AUEY R GBI B R, H
B KA 1, 25 1, SEHCPMI A e 25050 /Y
wAES Y, SIMSRE S L 2.
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3230000
#
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10000 PMS (4)
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0 PM7 (+)
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TEIEL
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HAXSEGIE
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K2 7E5|4 LAMP JZ i #£k

Fig.2 LAMP response curves of 7 sets of primers

%2 Aspergillusniger CBS513.88 LAMP 3|42/ & 5751
Table2 Primer name and sequence of Aspergillus.niger

CBS513.88 LAMP
51 A FFA1(5-3%)
F3 TCCGAGCACCACGAGAAG
B3 CCGTACCTCCGCATTGTC
Fp  TATCCGGGGTGACTGTCCCGAAACGTCCG
M1 TATCTGTTCGC
pip  OGCAATGGATACCGCCGCAGAGCCTTTAT
CGACCCGTACT
LF CTGGCAGTGGCATTCCCAA
LB CTGCCAAATGCACGCCAGAT
2 3000
2000 — 5| PLLf8:1:1 ()
— 5|YHB8:2:1 (-)
— 5| YH58:4:1 (-)
o — S| WL 18:6:1 (73
321000 — 5P HA58:8:1 (~
#
=
=
0 — e ——————————————————
1000 20 40 60
PEREL
¢ 50000
,’/, -
40000 — 61 °C (_) /,f
—62°C(-) /
30000 —63°C() /
R —64°C(-) /
® —65°C (-) /
& 20000 /
= ’/
/
10000 /
,/” ////
/ /
0

20 40 60 80 100 120

RN

2.3 LAMP R R{KREL
H K 3a~b WJLIAEH, 51909 L (FIP/BIP: LF/LB:
F3/B3) N 8:4:1 B, 2G5 5 MBI ER, HBAMEAE 120 4~
PEANTCY 18, WokBURAES 19 LB H 8:4:1, IRl 3c~d AT,
FZREREE Jy 64 °CRE, HIMBOEAIET A FHARE, F
B X BETCARGE S 38, W0 RE 64 °C R ROVIRE .
24 LAMP REEXI
B OTAhal LR VUV BGHATEE RS, WK 4a 7R,

5 70000
60000
50000

JefH

3R 40000
30000
20000

s
K

AT

10000

—5 | P8 1:1 (+)
—5 | DI ELBI8:2:1 (+)
—5 | DL BI8:4:1 (+)
—5 | DI ELB8:6:1 (+)
—5 | L 118:8:1 (+)

60000
50000

= 40000} |

2 |

= 30000 |

=

=

* 20000

10000 |

—61°C (+)
—62°C (+)
—63 °C (+)
—64 °C (+)
—65 °C (+)

OJ

0

20 40 60 80 120

{78

100

a5 B HLBIBAMEXT B, b. 5 A5 14 HO ] FRPEXT R, ¢, 5 il BB S NI ZR, d. 5 il B2 A4 Sz th 2k
’l 3 LAMP Uik & Ak
Fig.3 Optimization of LAMP reaction system
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35000
30000 10F = ¥=10.3791-0.86474X
r:—0.99054
25000 — #2:0.98118
st
o
5 20000 z
K e O
& 15000 ¥ IH 37%10% copies/uL ol
kS — RC137X10° copies/uL
—— $EUI%1.37%10° copies/pL
10000 — ¥ D1%01.37x107 copies/uL
— $BIIK1.37x10° copics/pL. 4
5000 — ¥ UI%1.37%10° copies/uL
—— PEDIEL1.37x104 copies/uL
0 2 . . . . .
1 2 4 Q s ° Q > N S
0 0 30 0 50 60 +\Q +\Q +\Q +\Q +\Q +\Q +\Q
p U AN AU AU AN 9
ﬁﬂ;ﬁ \:‘_’) NG N N N N \'\)
¥ U1 %%/(copies/uL)

¥t BR 9 1.37x10* copies/uL, A% ULEOH C{8 bRt £,

T: a AIF 5 DL LAMP S T2R, b AN [R1$E DUE Ce (R e
&l 4 OTAhal FEDR$5 DUECR: Hi R
Fig.4 Limit of detection of OTAhal gene copy number

B, ARE L M

HA M, NG MK, EBT

WNIE 4b fr7R, #=0.98, 5 ULECH CtEAFAE RAFLRIE LR
5 DNA B B FE 317 LAMP v, WKl 5 R, ik
¥ PRy 6.87x107% ng/uL.

50000
40000 ¢
o
3R 30000t
i
= HEVE6.87210% ng/uL
Z L 47 i£6.87%10! ng/uL
20000 ﬁﬂwﬁ 87x10° 2§/EL
LM% 6.87x107 ng/uL
= DNAJJ 1t ¢ J6.87x102 ng/uL
—DNAJI i #¢Ji£6.87x10 ng/uL
10000 — DNAJFHHEFE6.87x10% ng/uL
— DNAJR ¥k 6.87x10° ng/uL
DNAJF &£ 6.87x10° ng/uL
0 = DNAJFK &k 6.87%107 ng/uL
0 10 20 30 40 50 60

TEFEL
K5 J DNA i HiBR
Fig.5 Limit of detection of total DNA
2.5 B LAMP 38}i5i%

i 6 iR, 5 FhdeRAE B 30 min J5 14 & A4 TN
BB B (AR AL . BS RS R RV TN TC, SN R R Lk

AR Db N A VY =K O A CEA W P A | D)
o, SN JE ARSIt HNB ROV BN E W, O R AR
W, HP sk KOOI AL B IREETN, thRAMT
S, ANIE TSR % S A SEBR R . Ay 4 P
R, &S EOA RS, BRAS AR X 50N
EBT, WULTEGEE0i#A LAMP i, #E# EBT ik H
Gk

FERLEE KB4l EBT k2l HNB

0 min
30 min

B 6 LAMP ] tifbguk}iiik
Fig.6  Screening of LAMP visual dyes
2.6 BH# LAMP REUE
WmiE 7 firzs, HHLLAMP & DNA K HFRH 6.87x10° ng/ul,
TEZJE R R T WA W BB a2k, 55EaaEt LAMP
ZERIAKSE, BEM LAMP 75 SRR T 52 i 2% %
LAMP (6.87x107* ng/pL),

6.87x10* ng/uL 6.87x107° ng/uL 6.87x1073 ng/uL 6.87x107 ng/uL 6.87x1073 ng/uL 6.87x107 ng/uL 6.87x10° ng/uL

0 min
30 min

’ 7 B LAMP 4R 0%
Fig.7 Sensitivity of the visual LAMP reaction
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2.7 B LAMP #F 4

TEETRRWI(E 8), HARME CBS513.88 KA T
B AR (R 2 A i SR ), Hoh 4 BRI
SRR R — B (R B 24 0), RIAIE ST ST R
BT LAMP Ay s HoAT AP RE S, AR5 A 4
Tl FC A 2 A 28 XU
2.8 EFRMEREN R G EAFEITEE

mE 9 FTLLE H, PR, LAMP Wik R %
B AR RS IR, L 30 min Ay s i 28 11 A ],
YA THSE R 10° ASmL B, AR S AT 2

0 min

Bt

10°4~/mL

10'"/mL

10*4~/mL

103~/mL

10¥~/mL

104~/mL

2.5min 5.0 min 7.5 min 10.0 min 12.5 min 15.0 min 17.5 min 20.0 min 22.5 min 25.0 min 27.5 min 30.0 min

(% 24 (m), A RER IS A BT B R 10" 4/mL.
2324 qPCR 5 AMFSTH 1Y B LAMP J5 kXt 1, oI LA
i, qPCR FARAER 1 10> 4~/mL T4, B LAMP (1)
SRR ARG I 5 AU Al qPCR BB — MU

BIPE  MAhEE ETESE BRINE SO RO
0 min
30 min

K8  HWL LAMP K 4 Sk
Fig.8 Specificity of visual LAMP reaction

[ BREEA TG UL E KA H AL LAMP B2 4k

Fig.9 Gradient spore contaminated Zea mays L. samples with visual LAMP color variation

%3 SARHAKRMEN LAMP 5 qPCR S53Ext LR
Table 3 Comparative results of visual LAMP and qPCR
methods for actual sample detection

ik fF YR E/(1/mL)
10° 10' 10? 10° 10*  10°
qPCR - - + + + +
H# LAMP - + + + + +

TE: - ORA, + K.

3 &

BHEEPEBXASY PEIER OTA FFERZ—,
AT AE OTA J7# KM IEH OTdhal KIR R 5
514, &84 LAMP HAR, S8l T Bk 69 nl A Ae s i
W AR ARG ik, AFIETCT B Bt s, SCO Mk, @
AR LRI T B S R, B T R IR A
FEPE AT AL RS AT T OTA V5, iS4 BT K it B
¥, W ATEUR, M REREZ S Bt OTA
THAREEZ YL,
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