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ABSTRACT

Peanuts in storage were estimated for mycotoxigenic fungi and mycotoxins. Peanut samples
collected from storages in Gochang were mainly contaminated with Fusarium (17.2128.0%),
Penicillium (12.4£28.0%), and Aspergillus (8.017.6%). Other genera, including Talaromyces,
Rhizopus, Rhizoctonia, Trichocladium, Clonostachys, Mucor, Chaetomium, Trametes,
Epicoccum, and Humicola, were also found. Although aflatoxins were not detected in the
peanut samples, 29 strains of Aspergillus flavus were identified using molecular marker

'.) genes. Among them, 17 selected isolates produced aflatoxins in solid culture media ranging
heck for from 0.61-187.82 ug/kg. All of them could produce both aflatoxin B, and B, and some (n=>5)
WPl produced additional G,, G,, or both. This study is the first report that A. flavus stains obtained

from Korean stored peanut are aflatoxigenic.
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A MAH R A, 4 5 FEFC] 2] 37.6%7F oFEEtEAlol| 2] o] Jlom[7], §3]
HE 5o Ak, Fahat 5o Az, 171l e Qo] 2 08 BT QIrh3)
Fo] FQ AYAr=Ql Z3tof| A A 39] 19%7}0.01-1,602 pgkg, B 2L 42774)2] 22.5%7}

154-49.9 pg/kg®] oFZetEAlol @ HH Zo& HETHR 9l o] H¢ 55 FQ ik
4 7h3-AlFollA] ofZetEAle] @ fo] BuE|gict HHio]ol ©]shH, 20031 = UiollA] %Eﬂi
A= G U GFHE] ofZetEAl B, LYES ZH7F 25%2t 17%2 A 287 S 47,
PAH 127 F 6-olx] 2ol FRIE|lon, Pt 2 P4F2 YAt =2 07 Lﬂ 915}.
T3 U 75 F ANRCHARE 23, AR IRCFE)0l tigt oFERHEAl B, LA E 2AF
A3 AE 71%21% Z3FsiA) = o Ak 9 T 7k Al g o] AENI =T 7P =QkTH 1.

FUjollA] 3] o}EekE 4l 2gdo] Uk BT O} A, favus) WAl ek A7 A
3f}. ofo] & Aol ol ZeHEAl 9.0 w2 BE0) A4 5 54 Bao] Wl ofHeE
Ao QUEE A EEH oI £ A flavuse] TP U ol ZebEAl S0 44
2 whsiet

ELETE
W2 AE 4Y W2 22

20194 100l 178 A HoilA] 48] o} A4 S w852 20201 27} 420 *X‘é}oi =
K4 o| L FAFE ZASITE AAHT 23200 7] A TAG0 kg L B RE 7}
kgl AT A= A7 717 S A aLe] et Y AulsEe 44 7. 9i2.5°C9}
68.018.1%, 7.5+14°Ce} 68.21+1.0%2] Z7o AL 2AFE F 2 E flo}
of g3 2722 AAste dgT= FHFHA. BT S-S FAT A 1% sodium
hypochlorite 8910 357+ x|5}0] HR ASa}1 Ap4e 28] AlH & ofaix 2 27|12 A7)
oF th2-, HEo 2 A5} potato dextrose agar (PDA) (streptomycin 600 pg/mL) 2} dichloran-glycerol
(DG18) agar B Z|ol] Z+2} 50782 %] 435HSATk. 25°C G270l A] 5UZF uiet & &n| 7 Slof| A &
Bol 42 Vo2 Bo] oQEE ZAllglon, 7 Yol W 54 S 9o B 350 X
APHEFN S water agaro] 2, 25°C -27]0J4] 18417} B} 2 CHEALS He}}9ickFig 1), )
e 5= 20% glycerol -0l 2450} -80°Coll HsHITh.

DNA =Z 3 H7|ME 2N
2|9 75 PDA HiA]of] 25°Coll A 3547 BiF &, A] S{12]9] WS o] &3lo] FAHA|

22E] genomic DNAS: 325101 20°Co] BU5}IA Aol AME3IIC) 2 54 2 405 of
¥ BA9E 2|3l intemal transcribed spacer region (ITS) rDNA, beta-tubulin (BT), RNA polymerase IT
subunit (RPB2), translation elongation factor 1a (TEF-1a) A& 0]-8-5}% tHTable 1). AspeIgilIus
9 Penicillium 4 @552 Bt A&t 582 95l 119} BT R3S, Fusarium 4 w5

translation elongation factor 1a (TEF-1a) A2 G714 ES A5t 55ttt Aspergillus <5
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7% 3370 A. flavusS} A. oryzae 7552 oFEEFEAl AR B4} norB-cypA Rt omtA S F
7FE BA5te] F-& THESIATH13,14]. A. flavus@} A. oryzae= ITS, BT 2= 28 AFs A33Hd
| S =2 A7 D S 7 TEsl7] o7 Wiizol, afiT, norA 123 verA A §
ZA2tol] thgh A of F, omtA -§72ke] T /g HILE F5H A. flavus, A. oryzae T2 5735H3ITE.

7 574 9 GAA thfAS A7) 98l ITS, BT, RPB2 Z12]1 omtA §-42k2] 7|4 PS
DNASTAR (Lasergene 8, Madison, WI, USA)Z ©]-835}0] A3}, ClustalW A~ ZE|o][15]Z 0]
-g5to] AU ITS, BT, RPB2 FAAHE2] A71AM D52 2T multi-locus 7141 F (2,700
bp)h, omtA G2 T H7] - H(510 bp)S MEGA-X Z2134[16]2 AF&-510] 212 maximum
likelihood (ML) .22 Al54-Z 2Hd5}9ich

Fig. 1. Fungal colonies grown from peanuts on PDA (A), conidial heads of A. flavus (B) and PDA
culture (C).
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Table 1. Primers and polymerase chain reaction (PCR) conditions used in this study.

Target genes  Primer name Sequences Tm (°C) PCR product size (bp)
ITS ITS4 5'-TCCTCCGCTTATTGATATGC-3' 52 710
ITS5 5-GGAAGTAAAAGTCGTAACAAGG-3'
BT bt2a 5'-GGTAACCAAATCGGTGCTGCTGCTTTC-3' 55 500
bt2b 5'-ACCCTCAGTGTAGTGACCCTTGGC-3'
RPB2 fRPB2-5F 5'-ATGGGYAARCAAGCYATGGG-3' 52 1,100
fRPB2-7cR 5'-GCRTGGATCTTRTCRTCSAC-3'
fRPB2-7cF 5'-ATGGGYAARCAAGCYATGGG-3' 51 910
fRPB2-11aR 5'-GCRTGGATCTTRTCRTCSAC-3'
norB-cypA  AP1729 5'-GTGCCCAGCATCTTGGTCCACC-3' 52 300: A. oryzae
AP3551 5'-AAGGACTTGATGATTCCTC-3' 800: A. flavus
1800: A. parasiticus/A. niger
omtA omtAF 5'-CAGGATATCATTGTGGACGG-3' 55 594
omtAR 5'-CTCCTCTACCAGTGGCTTCG-3'
TEF-1a EF1 5'-ATGGGTAAGGARGACAAGAC -3' 54 700
EF2 5'- GGARGTACCAGTSATCATGTT-3'

Tm, annealing temperature; ITS, internal transcribed spacer region; BT, beta-tubulin; RPB2, RNA polymerase Il subunit; norB-cypA, aryl alcohol
dehydrogenase and cytochrome P450 monooxygenase; omtA, O-methyltransferase; TEF-1a, translation elongation factor la.

’\} Shoitt. oFEetEAIB, B, G, ‘3—! G) 2AE 3 2lsh '7"7“9]'5 A& 3 g0l
NaCl 1 g2} Z2-89(MeOH: 0.5% NaHCO,=7:3, v/v) 15 mL-2 7F5}F%] 300 pmOi|A] 1A ]7H5-9F Mgk
ZE31ch 2E 82 3600 rpmol|A] 10527+ LAl E-2]510] 245 7 mLS- I3} phosphate-buffered
saline (PBS) 28 mL¥} &315}0] 1< fda}f‘é Z2 (AflaTest WB, Vicam, MA, USA)°ll 5191t} =
Z9llo] of ke 72 0.1X PBS3 54 S mLE 23120 2 A|4510] MeOH 2 mLEZ &
= 5 AZ3I} 820 Ak 9ls) Eg|ZF 2 2 ZAK(tifluoroacetic acid) 0.2 mLS 7}
sto] FAlolA] 1587 HFX]BEAL, 20% ACN 0.8 mL2 7}5to] 5 5 02 um LE 2 oj )5kt
A|H-E-2 UPLC (Waters Acquity UPLC” H Class, Waters, Singapore)©l| Xselect CSH C18 (2.5 pm, 2.1
X100 mm, Waters, Dublin, Ireland) Z -2 =Foto] 24613111, 545 0.2 mL/min, Al & FAZF 10 4

FEAAIZF 10 min, ©]-57 DW:ACN:MeOH (65:15:20), &°371= 7] (fluorescence detector, FLD) I+
75; Ex=362 nm®} Em=455 nm 2 710f|A] 245131},

|0

Aspergillus 22|22 SMHYS

2] Aspergillus & #55 FollA oFERHEAl A 7Hs/d0] e #EEES AEE] 9
3l PCRE AAISHITE ofZ2HEAl2 Ao R4 F norB-cypA 34 7912 S5F3517] 9
3ll AP17299} AP3551 Zeto|HE o]-gsi3ich A 174 9] oFEekEA A 71 &
flavus-A. parasiticus agar (AFPA, Oxoid) Bl 2| of] ¥} @Fato] vl 2] ST 2] orange-yellow 24 00“0—% 3t
QISH219], 52485 AFoll o] &5tk #FE2
Foto] 25°C @271, dx7dolA v fsioint Bl 7Y & FAFS 3ok HY X] 3 g Fotod g
9] Fgol54a BAHY 5 U5t 2463t
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a
pEL ks
x5 mael 3h0| % 3YISA o

274 o] = e = Aol Al BE] 31 Q)= -5~ Fusarium (17.21-28.0%), Penicillium
(12.4728.0%) 12| Aspergillus (8.017.6%) & &350l F2 2H= o AN 2H(Fig. 2), 1
@] Talaromyces, Rhizopus, Rhizoctonia, Trichocladium, Clonostachys, Mucor, Chaetomium, Trametes,
Epicoccum, Humicola < 378°|= AZE At B30 F8 S/ Fo|= deiX Aspergillus <
2 T2 2ol o, T3t et AESolA S/4d58ol2 F 42X E graminearum species
complex, F. fisjikuroi species complex, Penicillium <5 5°8°] % 223}t 22¥ & 1454 2] +
FE 54 A3k, Aspergillus (687), Fusarium (3779), Penicillium (237), Talaromyces (117) 2.
2 U Aspergillus 0| A= oFERHEAlS AAdohe 2oz AoR A, flavus (297, 42.6%)
7} 7 Ekom, th3- O 2 A niger (25.0%), A. amstelodami (10.3%), A. oryzae (5.9%), A. chevalieri
(44%), A. fumigatus (2.9%), <=°] A THFig. 3). Penicillium 42 P, citrinum (56.5%)°], Fusarium <5
2 F oxysporum (54.1%)°] 718 &o] 543t BEabdolAq A% W3- Fusarium (25.8%),
Aspergillus (21.8%)°ll 2 2 G % 11, ALkl A= Rhizopus, Fusarium, Aspergillus?+ Z¥2+ 80,
45,24% 299 7o 2 BIEQOom2021], FotZe|7loA 55 59 BI= Aspergillus7t
40% ool WAES YErIUHH22]. T=9] A B3 oA = A7 Zfol= .2, Rhizopus,
Emericella, Clonostachys, Penicillium, Eurotium, Aspergillus <22 5= 7102 e

Aspergillus®] @ BE-20.53-25.75%ZTH23].

80
60

40

Frequency (%)

20

| ﬁﬁa

Total fungi Aspergillus A. flavus

Fusanum Penicillium

Fig. 2. Frequency of major fungal genera in Korean peanut.

THA G A% GFoNA A flavuse 6-10%2] 2 FE-S UERASI O ol Zet 5412 X8 HES
| &tth Bebdo] A flavus LU E 9 oFE2HEAl B, 2 5% 282 3.0-31.0%2F 7.0-116 Lgkg
12430, F50] 749 0.12-639%2F 1.02-4.03 pgkg?! 2102 HE|{Th21.23] BelAo] 49 A%
LI 19-27°C, FTHE I 59-87% O| AT, Al5.2] 3397} o Z ek EAlo] R BT ThEE 7]
F2] ojge] sEQict F=9] 3¢ A% 27]0-67hD)els 2571 -1-15°C ot AH F7)(7-12
ZN)oll=30°C7HA] 2715191, At = 48-83%71A] 27151t} o]0l &7} e A4 %7

N

[¢]
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7

—

-

(0-67id)oll= Aspergillus <5 =78°] 2FE0| Wil obE2EA B2 AEH A ket A1
27} dE oA Aspergillus 4 278012k oFEEEEA] B 2] A EC] SIS A. flavus2] /87
I} 7o) w2 ofZ k5 A1) A/d-2 o2 7A] 8Qlof o3l FFE HEX|T E5] 2ko] JFo] A
_EoPE:]z% At Schindler 5124101 T2 A, flavus= 18°C ©]5} 4= 35°C 02| 2Zof| A =oF&
ZHEAIS AAIEHA] ok 710 2 Hsl9it) 11 2| Hof| A= o] (0¥ ol 281 g]o] t}e 3] 4
%_J»}x] Ao 0 2 el HE-2E 7°C, AEE 68% U2 2 SR Eich 18| wZoj|x] A}
20l A, flavus®] 29 50] Wil ofZetE A o] AZE|R] 9k 71 %A 7|7F Soto] e} &
7FOFA. flavus®] /8782t TLof whE oFEeHEA1 0] A g0l AeotA] 97| w0 g ke

L
A

>

A. flavus

A. niger

A. amstelodami
A. oryzae

A. chevalieri

A. fumigatus

A. westerdijkiae

Aspergillus

A. welwitschiae
A. terreus
A. tamarii
A, sydowii

A. ruber

F. oxysporum
F. equiseti

F. solani

Fusarium

F. verticillioides

F. asiaticum

P. citrinum

P. steckii

P. brasilianum
P. viridicatum

P. terrigenum
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P. sumatraense
P. rubens
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Fig. 3. Species composition of Aspergillus, Fusarium and Penicillium isolated from peanut.
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A. flavus| SFH CIAFM

A% gl A 2elsh 17749 A. flavus 755 multi-locus sequence analysis 22t 27H2] 5714
502 U QlthFig 4). PS 1383 PS 148 & 757+ HY & (Cluster IV)yS F/J5t9loH, ot
2 182 3719 B I8 PA5I 3719) AE IFo||= A. flavus NRRL 3357 7522} &
ATAIE 7HA]= 5 28 (Cluster T, A. flavus A9 752 ZLAWAIE 7HA] = o5+ 48 (Cluster 1),
71 9] 9349 wF(Cluster )7+ 212} &5131th. 151 714 E FAREE 99.9%2 6 bp] &Ho]
£ YERHRATE Chang 51412 oS24l 378 542 omiA 2] T3 /3, norB-cypA ] A& &
£ 0] g3t ofZetEAl =4 A%, T12]31 morphotypes (S-2F L-type)2] B] .S £5) =4 9 H]
=73 A flavus@} Bl 573 A. oryzac s T2 4= Q52 B ALgHHE Qlok ofof] & ol A ofE ks
A B omA 7AAR] AlE4 24 A 22 H A flavus 7752 BT Ltype2] FEISH]
EAS 7 ol F2tEAIS AT 4 e 27119 4 150 2 A5 U TH(Fig. 5). 5 PS
018, PS 104, PS 166, PS 175 L-type, B+ E43-2 7}A] = A. flavus NRRL 3357 & A. parasiticus NRRL
3357 @52 S B O 9] 133 9] = Lype, B+/B- 5492 7HAl= A. flavus A9}
A. flavus NPL VA2-9 7522} 100% A54S BT A. flavus= 7319] @4 Ellol| we} 2719
morphotypes O = TEE|H, AHFH O 2 1 -type©| S-type 2 CF E51A] WAL S-type2] A. flavus
& L-type©ll BI3H 22 71400 pum ©5h2] w35 THEH 3.54H]9] ofSe}EAlS = 212
= BT,

l‘l

e}

A. flavus A9 T
PS 129
84| PS 135 |
PS 111
PS 107 J
A oryzae RIB40
PS 166 7
PS 104
PS 028
PS 023
(| ps 022 I
PS 021
PS 019
PS 018
PS 020 -
A. parasiticus NRRL 2999 -
A. flavus NRRL 3357
PS 027
PS 175 -
PS 138
83.| PS 148
A. pseudotamariif NRRL 25517

0.005

Fig. 4. Maximum-likelihood phylogenetic tree based on combined sequences of internal
transcribed spacer (ITS) region , beta-tubulin (BT), RNA polymerase II subunit (RPB2)
genes of A. flavus isolates. The numbers above the nodes represent bootstrap values of
>70% out of 1,000 bootstrap replication. A. pseudotamarii NRRL 25517 was used as an
outgroup.
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Ps 138 n
PsS 148
Ps 135
PS 129
PS 111
Ps 107
PS 028
£ ps 027 Iégge
Ps 023
Ps 022
PS 021
88 | PsS 020
PS 019
A. flavus A9
A. flavus NPL VA2-9 .
98 A. oryzae SRRC 493
—— A oryzae KACC 93210
A. flavus NRRL 3357 n
A. parasiticus NRRL 2999
PS 018 L-type, B+
97\ PS 104
PS 166
PS 175

’— A. oryzae SRRC 2103

98 ' A oryzae RIB40

| A. flavus NPL CA38s — S-type, B+
10— 4 flavus NPLTX9-8  — L-type, B-

0.005

Fig. 5. Maximum-likelihood tree based on sequences of omtA gene of Aspergillus flavus
isolates and related species. The numbers above the nodes represent bootstrap values of
>70% out of 1,000 bootstrap replication. L- and S-type, morphotype; B+ and B-, aflatoxin
B producing and non- producing strains.

ML

A. flavus2| OIZEIEM

s
e A flavus 77 A AN-AZ], AL, A1 bag)oll ket 12 #54] Z1779] o5
£ Asioich A %24 S48 E B A, BE 57t ol S EA 54 E A/t
£ 715 QI3 tHTable 2). & oF=2tEAl AJA s 2|0 187.82+20.89 pgke, /4] 0.61+
0.87 pgkg, B 68.6962.16 pg/kg 1L, 0] F 474 2] #F= 100 ugkg °1A2] o} ZBEA &
a5 /5 o] #F52 BT ofERtEAl B B E S, 1 5 182 G, 32 G,

3%
1A(PS 175y G2 G, & 25 AALS }Oﬂm} A. flavus 759 A4 thf/d 1} ofZetEAl A
59 WAE A AT, Cluster Il #5-50] H 14 £& 5=9| o) Zet5A4lS A/dshe= 1t
Cluster V2] #5522 529 OFE—E}%*IQ*”**BP ok

2 Ao A A% GFolA ot EetEAlE HEEA] %o, A. flavus LI EC]
5-10%2 Rtk 212y 22 A flavus 75-9] tiF-20] B =2 52| ofEtEAlE A
8 4 e AR Y I U] £ B Aol tigk 27140l mUEFeo] Hod Zios
T o] Ale T Ul 217 a5 ol A flavus L FE B 5448/d 50l thgh 3 Eato|oh

g oox S
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Table 2. Aflatoxin production of A. flavus isolates from stored peanut.

.. Aflatoxin (ug/kg) (meant+SD)

Isolates Characteristics ) G, B, B, AFs

PS 166 I, B+ L ND 0.81+0.07 0.69+0.21 186.32+20.64 187.82+20.89
PS 027 1, B+/B-, L ND ND 0.53+0.16 144.40+41.64 144.93+41.77
PS 104 I, B+ L ND ND 0.41+0.06 139.29+8.74 139.69+8.80
PS 175 I, B+, L 0.04+0.01 0.62+0.08 0.27+0.08 138.53+23.46 139.45+23.61
PS 129 I, B+/B-,L 0.03+0.02 ND 0.3740.11 122.05+20.65 122.45+20.78
PS 111 L B+/B-,L 0.02+0.02 ND 3.97+1.55 88.53+£26.44 92.52425.21
PS 018 I, B+ L 0.01+0.02 ND 0.2340.05 80.54+21.73 80.78+21.76
PS 023 11, B+/B-, L ND ND 3.1142.11 60.384+36.67 63.49+38.77
PS019 I, B+/B-,L ND ND 1.27+0.88 59.28+35.36 60.55+36.03
PS 020 I, B+/B-, L ND ND 1.63+0.70 56.02+22.21 57.644+22.87
PS 022 II, B+/B-, L ND ND 1.39+0.70 30.24+12.28 31.62+12.83
PS 028 1, B+/B-, L ND ND 0.49+0.31 17.97+£10.02 18.46+£10.33
PS 021 I, B+/B-, L ND ND 0.540.28 12.4342.70 12.93+2.97
PS 148 IV, B+B-,L ND ND 0.13+0.03 5.36£1.62 5.49+£1.65
PS 135 I,B+/B-,L ND ND 0.13+0.05 5.19+2.49 5.3242.54
PS 138 IV,B+/B-,L ND ND 0.1+0.01 3.84+0.63 3.9440.64
PS 107 I,B+/B-, L ND ND 0.02+0.03 0.59+0.83 0.61+0.87

ND: not detected; SD: fullname.
*Phylogenetic cluster (I to IV), aflatoxin production (B+ and B-), and sclerotial morphotype (L and S).
Limit of detection (LOD) of aflatoxin G and B were 0.01 and 0.05 pg/kg, respectively.

ggo] E4ZRol 9 TR E4 0RULS ZA] Yol 1 Koo Aol &

=
582 Fusarium (17.2128.0%), Penicillium (12.4+28.0%), Aspergillus

N,
rid
i)

= sk 4
(8.0E£7.6%) & H80|2 F2 2YPE o] Ao, 1 2of| Talaromyces, Rhizopus, Rhizoctonia,

Trichocladium, Clonostachys, Mucor, Chactomium, Trametes, Epicoccum, Humicola < 2°8°)7} &
=k BEAIBollA oFEetEAl HEE]A] RO, 2989 A. flavus F+F7H 2], FH =N
th 1 % 1789 #5551 potato dextrose agar (PDA) i Z] AJol|A] o} Z2tE4] AdsS &2
gt A3} 0.61-187.82 pgkg?] S EHflollA B ofpEetEAlS ARl o5 17 @5 of
Z2tEAI B, B,E sl o, AB (5 F9)E G, e G,E AJ/d5k3iT o] A= =Wl A%
FZolM A flavus LB E H 5448/ 50 oigh 3 Ealo|t.

EUEH TEsdIe el e AN EARI (AR S PI014811)2] A
o
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