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ABSTRACT: Objective To establish a method for simultaneous detection of Fusarium culmorum and its
zearalenone toxin synthesis gene by dual-color real-time fluorescence polymerase chain reaction (PCR). Methods
According to the EFlo gene and PKS gene, the establishment of a dual-color real-time PCR reaction system and
amplification conditions were optimized; the mildew model of grain was established to detect the toxic fungi in the
mildew grain, and the specificity, sensitivity and repeatability of the method were verified. Results Using the

primers and probes designed in this study, only the EFl/a and PKS genes of Fusarium culmorum producing
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zearalenone toxin were amplified specifically, and the amplification results of other fungi were negative; the limit of

detection was 3.5x10% CFU/mL, and the repeatability was good; in addition, the method was adopted for detecting the

samples selected in the grain mildew model, and the Fusarium culmorum capable of producing zearalenone could be

detected. Conclusion This method can accurately identify Fusarium culmorum producing zearalenone toxin in

moldy grain, and realize early monitoring of grain contamination by fungi and mycotoxin before or at the early stage

of mycotoxin production.

KEY WORDS: Fusarium culmorum; zearalenone toxin; EFla gene; PKS gene; dual-color real-time fluorescence

polymerase chain reaction

0 35

OB T0 B (Fusarium  culmorum) 235 Je M6 /) — Fl
HE, FEERKE, BK, KR, NE. RKEERES
PR, R K T Y R e U R TR
HH R T8 T KRB K (zearalenone, ZAE), H.F
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Table 1 Volunteers strains

Fs B R4 PR B i 5

HRIR

1 WA R IR CGMCC3.4595
2 W OYRIE CGMCC3.4734
3 W E CICC2487

4 A CICC2219

5 RERYRJIE CICC2490

6 iE KL IE 2 CICC41097
7 % CGMCC3.0316

8 274 1 3 CGMCC3.6155
9 i  CGMCC3.4411

10 ¥ E CGMCC3.6890

11 YRR ACCC37123
12 R ERERTLE ACCC36127
13 ZR (i CICC2474

rf ] 5 1 A W TR D OR R B HR 0 (China General
Microbiological Culture Collection Center, CGMCC)

r ] AR M A 0 TR R GRS B HR 0 (Agricultural
Culture Collection of China, ACCC)
F ] Tl A ) B R R SR 4 B HP U0 (China Center of
Industrial Culture Collection, CICC)

132 5143846 R
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Table 2 Primer and probe sequences
19 e Fe4l
EFlo 2N L5149 5-GTGGTATCACCATCGATA-3'

EFlo R TES 1Y) 5'-GTGGTATCACCATCGATA-3'
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HERE D

2.1 WESEFRAE PCR HEREM KR ML R

AL ST 21 PCR SR 15 | )RR B AU i,
DL I Taq W&, $EFTBGEIE S PCR #7738, DA Bl
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Specificity verification results of Fusarium culmorum EF1a genes and PKS genes by dual-color fluorescence PCR
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Fig.2 Sensitivity results of Fusarium culmorum EFlo genes by dual-color fluorescence PCR
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FHPEAS: R AT 225, PR vE A6 45 SR — 2,

3 Hit5iTie

R B 0 I B 2 2R T ™ Rl ] SRR o 2
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1 8~9| ]

| 1
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%L

¥ 1:3.5x10° CFU/mL; 2: 3.5x10” CFU/mL; 3: 3.5x10° CFU/mL; 4: 3.5x10° CFU/mL; 5: 3.5x10* CFU/mL; 6: 3.5x10° CFU/mL;
7:3.5%10° CFU/mL; §: 3.5x10 CFU/mL; 9: 25 [1%} &,
B3 WS ZEE PCR KGN B (iR B PKS HER R MU 25 1

Fig.3  Sensitivity results of Fusarium culmorum PKS genes by dual-color fluorescence PCR

R3 WELTE PCRENEABRAE EFIa 1 PKS BEEREEHNRER0=3)
Tabel 3 Repeatability test results of Fusarium culmorum EF1a genes and PKS genes by dual-color fluorescence PCR (n=3)

HE 3 CL{A P CtfE CV/%
B /(CFU/mL) EFla PKS
EFla PKS  EFla  PKS
1 2 3 2 3

1x10’ 15.49 15.49 15.51 155 15.52 15.71 1550  15.58 0.07 0.74
1x10° 18.55 18.84 18.77 18.85  18.88 18.56 1872 18.76 0.81 0.94
1x10° 22.14 2228 22.15 2228 2234 22.18 2219 2227 0.35 0.36
1x10° 26.04 25.94 25.93 2589  25.84 25.94 2597  25.89 0.23 0.19
1x10° 29.65 29.57 29.67 2948 29.48 29.53 29.63  29.50 0.18 0.10
1x10? 32.32 32.51 31.74 3334 3313 32.19 32,19 3298 1.24 1.39

1 AR5 R % (coefficient of variation, CV),
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P 4 B AR RDURE ARSI 25 A 7 T oK o B M 3 (L R S TR

Fig.4 Samples of Fusarium culmorum containing zearalenone toxin-producing maize detected in simulated mildew sample

HH EF Lo Jy 51 AT 508 1938 A% 22 FEA4: ARl 0] 22 5,
O3 AL R RS W A A A A —

neutralisation methods [J]. Toxicon, 2019, 162: 46-56.
|, MG FRR [5] OLIVEIRA MS, ROCHA A, SULYOK M, et al. Natural mycotoxin

BT BRR 2 B A, PR R i A TR TR TR 0 2 M E A ME
2P0 AT X AL TR (il B R S SR EF Lo B
PRICY, 7= FOK AR BRI 25 3R 1 PKS FEH D2, SRR 5
FRICJTI5, O H O A T XU SO SN B R A WX 5 1 R
B, AL SR, Rl AR T, RIEPTAS HARZE Y
[l R84, RS T — ORS¢ PCR S, [ i A 0 25
ARHRET R it P ECRR S e S I R R B O . Bt
ST RE EUTE PRGN Oy i, SEBLT TR ELI R R AR
W B EAE B RE R AN, SO IR R R 2
BRGS0 RURE, A R o L 7 3R BN AE ), S Ak
R A2 M R £ 2 e BRHAS DR (BT 9 HoR T BE

SE 3

[1] e[, E3PF. BRI TG RO S OF TR [T]. R
Tl K2R (HARBIEAR), 2017, 38(1): 122-128.

MA CG, WANG YD. Research progress on pollution status and toxicity of
zearalenone [J]. J Henan Univ (Nat Sci Ed), 2017, 38(1): 122-128.

[2] NAHLE S, KHOURY AE, ATOUI A. Current status on the molecular
biology of zearalenone: Its biosynthesis and molecular detection of
zearalenone producing Fusarium species [J]. Eur J Plant Pathol, 2021,
159(2): 247-258.

[3] L, VG, FHEE, . 2012-2019 A T E G TR R

i V5 Y obR 0 B 2% B VP AL [T, 0 48 A BRI A 4z, 2021, 12(1):
376-381.
DONG FG, YAN XG, GONG CB, et al. Analysis on contamination of
zearalenone and dietary exposure assessment in food samples of Yantai
City from 2012 to 2019 [J]. J Food Saf Qual, 2021, 12(1): 376-381.

[4] ROGOWSKA A, POMASTOWSKI P, SAGANDYKOVA G, et al.

Zearalenone and its metabolites: Effect on human health, metabolism and

[10]

(1]

[12]

[13]

contamination of maize (Zea mays L.) in the South region of Brazil [J].
Food Control, 2017, 73: 127-132.
I, F KA o AR B AR R 2 R BEBR 7 i WF5E (D). 0
F AR, 2016.
PEI XY. Research on control and removal effects on zearalenone in maize
oil [D]. Zhengzhou: Henan University of Technology, 2016.
GAO X, XIAO ZH, LIU M, et al. Dietary silymarin supplementation
alleviates zearalenone-induced hepatotoxicity and reproductive toxicity in
rats [J]. J Nutr, 2018, 148(8): 1209-1216.
KHODAEI D, JAVANMARDI F, KHANEGHAH A. The global overview
of the occurrence of mycotoxins in cereals: A three-year survey [J]. Curr
Opin Food Sci, 2020, 39: 36-42.
XM, SRR, XUPTh, 4. R EY o KRB AN 7 i s
JE[T]. & 54 AR S, 2021, 40(5): 12-20.
LIU M, ZHANG JX, LIU SS, et al. Progress in detection methods for
zearalenone in grain and oil crops [J]. J Food Sci Biotechnol, 2021, 40(5):
12-20.
FRHYE, ARUUIL, VBN, S5 0l DX TR e A S R ] A
B HAT A ARSI YeKFIRA S T[], (i & ik
W21, 2020, 11(12): 4023-4028.
WANG LY, REN BB, LIU YP, er al. Investigation and analysis of
deoxynivalenol and its derivatives and zearalenone pollution levels in
flour products in Hebei Province [J]. J Food Saf Qual, 2020, 11(12):
4023-4028.

EINHG, WIETHS, R, 2018-2019 AWK BATT HR M o E R AR B

P I 25 5 53 H0 (0], PSR B2 22, 2021, 27(1): 42-43.

WANG SN, HU YR, LIANG SY. Analysis of monitoring results of
zearalenone in corn products in Luoyang from 2018 to 2019 [J]. Appl Prev
Med, 2021, 27(1): 42-43.
CINAR A, ONBASI E. Mycotoxins: The hidden danger in foods [M].
London: Intech Open, 2019.

Thigeys, #L, ARHE, & REIHK 2010 45459 B H S ep



1494

LR

G A A

13 E

[14]

[15]

[1e]

[17]

(18]

[19]

[21]

[22]

LM E RS YRR O], T EE S AL, 2011, 23(6):
481-488.

MA JJ, SHAO B, LIN XH, et al. Study on the natural occurrence of
multi-mycotoxin in cereal and cereal-based product samples collected
from parts of China in 2010 [J]. Chin J Food Hyg, 2011, 23(6): 481-488.
OLOPADE BK, ORANUSI SU, NWINYI OC, et al. Occurrences of
deoxynivalenol, zearalenone and some of their masked forms in selected
cereals from Southwest Nigeria [J]. NFS J, 2021, 23: 24-29.

JANG JY, KIM S, JIN HS, et al. Occurrence of toxigenic Fusarium spp.
and zearalenone in scabby rice grains and healthy ones [J]. Res Plant Dis,
2018, 24: 308-312.

PERNICA1 M, PIACENTINI KC, BOSKO R, et al. The determination of
deoxynivalenol and zearalenone in barley from Brazil and malted barley
[C]. Proceedings of 26 International PhD Students Conference, 2019.
JIEEE, (A, TR, A BT S PRIy R B R R S
[, B A BRGIN AR, 2016, 7(1): 244-250.

ZHOU YT, REN JL, ZHANG ZY. Current situation and development
trends of detection methods for mold contamination in grains [J]. J Food
Saf Qual, 2016, 7(1): 244-250.

GOLGE 0O, KABAK B. Occurrence of deoxynivalenol and zearalenone in
cereals and cereal products from turkey [J]. Food Control, 2020, 110: 1-6.
GIROLAMO AD, CIASCA B, PASCALE M, et al. Determination of
zearalenone and trichothecenes, including deoxynivalenol and its
acetylated derivatives, nivalenol, T-2 and HT-2 toxins, in wheat and wheat
products by LC-MS/MS: A collaborative study [J]. Toxins, 2020, 12(12):
786-803.

KBS, BT B S BT 19 FOR IR BB MGIN Jr L WF9E (D). Ko Kt
B, 2017,

LIU Q. Study on Immunoassays for the detection of zearaleone based on
monoclonal antibody [D]. Tianjin: Tianjin University of Science and
Technology, 2017.

HAO K, SURYOPRABOWO S, SONG SS, er al. Rapid detection of
zearalenone and its metabolite in corn flour with the immunochromatographic
test strip [J]. Food Agric Immunol, 2018, 29(1): 498-510.

HIETANIEMI V, RAMO S, YLI-MATTILA T, et al. Updated survey of
Fusarium species and toxins in Finnish cereal grains [J]. Food Addit
Contam A, 2016, 33(5): 831-848.

TOURNAS VH, NIAZI NS. Potentially toxigenic fungi from selected
grains and grain products [J]. J Food Saf, 2018, 38(1): e12422.

£, G, MR, S NS E SRR T o B R B AR I
SUE ], WAL RN, 2019, 58(8): 74-T8.

WANG Y, ZHOU MM, SUN MQ, et al. Detection and identification of
Fusarium thapsinum on imported Sorghum bicolor seeds from USA [J].

Hubei Agric Sci, 2019, 58(8): 74-78.

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

SR8, BFAR, A, . R BF-lo RS 0 E A MR e
LTI B S E (], R0 2, 2017, 26(2): 61-68.

YI M, LIANG JJ, SHI J, et al. 1dentification of Fusarium acuminatum
isolated from Medicago sativa root using the EF-la sequence analysis
method [J]. Acta Pratacul Sin, 2017, 26(2): 61-68.

TWLL, DU, FAE, 45 BT DNA SIEHHARXT ] R 1k
MY [T]. HPORI 23R, 2016, 43(4): 544-551.

LEI YH, KUANG WG, ZHENG CS, et al. Detection and identification of
the genus Fusarium by DNA barcoding [J]. J Plant Protect, 2016, 43(4):
544-551.

SAMPIETRO DA, MARIN P, IGLESIASA J, et al. A molecular based
strategy for rapid diagnosis of toxigenic Fusarium species associated to
cereal grains from Argentina [J]. Fungal Biol, 2010, 114: 74-81.

LESLIE JF, SUMMERELL BA. The Fusarium laboratory mannual [M].
USA: Blackwell Publishing, 2006.

A, Wb, BRI, 45 ARAUHX FORZEERIILE EF-10 B E 75
SIS TKBLE, 2015, 23(4): 143-148.

CHEN N, PAN XJ, YAO Y, et al. Sequence analysis of EF-la gene in
Fusarium species causing the maize stalk rot in Northeast China [J]. J
Maize Sci, 2015, 23(4): 143-148.

MINATI MH, MOHAMMED-AMEEN MK. Novel report on six
Fusarium species associated with head blight and crown rot of wheat in
Basra Province, Iraq [J]. Bull Nation Res Cent, 2019, 43(1): 139-154.
ZHOU H, HE X, WANG S, et al. Diversity of the Fusarium pathogens
associated with crown rot in the Huanghuai wheat growing region of
China [J]. Environ Microbiol, 2019, 21(8): 2740-2754.

SCHMIDT R, DURLING MB, JAGER V, et al. Deciphering the genome
and secondary metabolome of the plant pathogen Fusarium culmorum [J].

FEMS Microbiol Ecol, 2018, 94(6): 1-12.

CGUiE%R 3 IREER #Hetir)

EZE &N

Zz £ it SRKEW, TER/R
73 B R E ) a e AR o
E-mail: 14826155@qq.com

MHMA, HL, ARAR, TERARAE
' RAEYPRENERZERNEARMEL.
E-mail: zhengqy@dlnu.edu.cn



