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Isolation of main patulin-producing strains from storage apples and
their ITS sequences analysis and identification
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Abstract: [Objective] This study isolated main patulin-producing strains from storage apples,analyzed
and identified their ITS sequences. [Method) In this paper patulin-producing strains were isolated from
storage apples and the fungal ITS region-specific primers were used to do ITS PCR amplification sequen-
cing,through the blast analysis between ITS sequences and GenBank nucleic acid database, finally their bio-
logical classifications were identified and their relationships were analyzed. [Result] @10 patulin-producing
strains were isolated from storage apples. @Strain 1 and 8 are Aspergillus,and the remaining eight strains
were Penicillium. Q) The phylogenetic tree showed that strain 1 and 8 belonged to one group, the other
eight strains to another group. [Conclusion) 10 patulin-producing strains from storage apples are Aspergil-
lus or Penicillium and they have different levels of the phylogenetic relationship.
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furol [ 3, 2-C ] pyran-2 ( 6H )-one }®*1, 2% + X K
CH O, BEHEER)IZAETZH a0 Dk ok
L SRR A DLSE SR SR i R R i R A s
T RE &R X WA 206 B0 R 48
PERE R & HCT AT e 2 R /N A Bk .
N e B 2 5 Al 5 | R IX 0 O IR B
EMTREEERMWERAMEC SRR T AHAR
(World health organization, WHO) {5 B 3¢ 11, Xt
HARARBR T A% BLRE (<50 g/ L) I 4 AN Wi
IR R B0 DRIk Q) A S804 i R o AT SR S
R REHER &, OO E N IMIF IR T
H A, X s & R AR TR 2 AT
OXFEFERAAR I T B 2 & A ny e %
HRATHEMRES LR OB EETEREGERD
FEAR, HHHAKEH U REER.
AR ANTCAE R A 7 I L # v e i 55 R 45
il AR Ty TR T — 2 R H R IR A AR A I
fife U S T B R M EE T (REL, E NZ NIf R E E R
7oA T B A ORI R AR A T T AT SR AT )
ZWBFE, SR LRI R E R R EERRE
THRER P RESER AR, ERNIMEHRIE
], 5w AR U 2 TE MR AT RE AE — E AR
AR YR FORE T A R R T R
by A A DR ZR Y B (O [ SR B R
BRVEEBA —ERERE.

ARG FAEFRARC T 2N T HE 22
W5, 5 1% 58 0 ¥ B TR AR 28 AR 3R R RRAE 43 28
D5 AH P o S RE VB b B W TR 1Y) 2 Ak N A R ] Y
Fk K F L H R H PCR ¥4 5 4200 1R 9 % ¢ 1R]
[ X E% (Internal Transcribed Spacer, 1TS) # 17 K
PR E 1 7 A B TR R Y OB IR TTS X
LA =8 VLR 2 i )7 9 2 38 1 A 5 fR <7 F AR
FEF O B A A AZ R A 52 B 0 R B R )
AN AR AN A ] ITS KT 1 22 5 4%
KUHLITS 540 5 2 B0k FLTR 43 28 56 8 1A 0T
B R T A A B T SR ROk v R S
7R T A R B AR AW SR B P AN [
o R b g 3P SR R Y R R R T AE W AT T
B R TTS D AR 5 51 9 %t 23 B T 69 TTS X
4T T PCR &8 (7 A7 5 40 81, 8 8 T B
FOORMAL MR T REREN T HAGEKE
KR LIPS e 5 = 7 A W 0y o] SE AR WS B AT T
B BRI T 45 R ARGE W .
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Table 1 Variety and area of apples

JEURE b b 7
Variety Area
% 5% Qinguan Bl 74 7k 5 2 Yongshou
4 Z& 5% WhiteQinguan [ 75 & XL B Fufeng

3 Green Apple B 75 £k X & Fufeng

1.2 FEEREHE
L2.1 o &BHA WA 0.0 g, EAMKS. 0g,
KH,PO, 1.0 g.MgSO, « 7H,0 0.5 g, B gH# 20.0
g d A ZE 10 mL(1/300 /K ¥#%) . 718K 900 mL,
121 CKE 20 min, ffi F B, 7 5% 5% 2 fl 6 1 4 4
£ 50 CA 4,4 100 mL it A 0.3 mL 10 g/L %%
(i %
1.2.2 etk SREF 1000 mL, 45 b
20.0 g,%ilg 20.0 g,121 CKF 20 min, 452 L
B A ZFIR L e U L BR300 g it A 1 000 mL H
K SC Ak E Wl 10~ 20 min. BUE 20 A i g, U
WK AN ZE 1 000 mL,
1.2.3 FaBAL PRI ERFITIA
BevufE Xyt T A EE Y & ik 120 /L,
pH{EH 4.0,121 CKF 20 min,
1.3 REBEFERENSB4URREEEZNK
gl
1.3.1 BA#keho B A A A L 0 R R AL
FHTEBE KB 101,10 2,10 °,10 ', 10 °H1 10°°
g/ mL Hi B - D TR TR VA B e /N O R RE VRO 1R B
WA HL 200 pL U AR 5 42 Bl T 1A A o3 5 3 57 2
9,28 C A XTI EE 90 %0 | I 1H 1 2% 1 8 A
7.
1.3.2 HWAkeG e 00 B R AR AR B 5R 5L L aEA
Az KBTI Pk IBOA (W] 285 25 14T B AR 9 48 7 1A
Fhalifb 55 37 5 L AR o) Zeglifk, 28 °C L AH X B
90 % EIRAE IR AR B E B IR R Ik E SN
R 2 AR LI A R — 0 R TR R PR ECTE A
Ry PRI TR AT A SR
1.3.3 FHEARHRAS HILEAKWR 20 &4
TR R B A0 A VAR e R R0 85 1 06 i B P i L 4
SFEF T A 50 mL 7B E IR AT 250 mL =Ml
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W AT GR MR B S 10° mL ', 28 C R E 8
IR 14 dJE KM R SR Oh R R A .
1.3.4 RE#&%% HPLC#n S O%K b
[ IO L R i X
1.4 REBEFHHELZ DNA WRE

PREUR 24 25 mg TH % 15 i AR 52 0t IS Bl
IR B AR IS G O R A G 3] 2. 0 mL B0, A
A1 mL BV 942 22 v (50 mmol/L Tris-HCI,
pH 8. 0,150 mmol/L NaCl, 100 mmol/L EDTA),
WHEIRA . BAE I 60 pL 200 g/L iy SDS,65 C /K
WiRE 1 h(fg 10 min BIE]—0O o ISR FR R K B
A SREEE R (VOCEBY ¢ VE) VR
) =25 24 = D, BREIFEES, 4 CL14 000
r/minZ 0> 10 min, B EERT 1.5 mL B LE
H AR B A fT . R EEIR 2,4 C L 14 000
r/ming.0 10 min, B3 W 05 PR LAY SN
(—20 CHIY),—20 CHE 1~2 h,4 C.14 000
r/ming 0> 10 min, 357 HE. RS 70% &
B (TR ) R K £ B () 500 pl £ 00 1 K,
WPEIE AR 4 'C .14 000 r/min B.C> 10 min, {845
A EETE., SR ddH, O 5 100 xL TE(10
mmol/L Tris-HCl,pH 8. 0,1 mmol/L EDTA), &
4 C¥Hfi, —20 CHEAFE. BLUS uL & DNA I 1 pL
10 X Loading buffer i#g, F 10 g/L 19 B f8 M8 5 ke
HL UK A PR A TN 4 ) DNAL I ] UVP B I U4 53
Br R G A 0 S LUk &5 . 53 B0 DNA $2 B0, H
ND-1000 #% F2 & 145 A € & 46 I H DNA i B
DL€ PCR 38k & P Bl DNA i I & .
1. BREEZF4E ITSXHK PCR i1
1.5.1 3lapegist 5 e g1k B ITS J7 5
f938 FH 51 1% 1TS1: 5-TCC GTA GGT GAA
CCT GCG G-3' f1 ITS4.5-TCC TCC GCT TAT
TGA TAT GC-3', 5|49 L iG55 49 T8 4 kR
YNEIRE g1
1.5.2 ITS B#§ PCR ¥ 3% DI EiREEIUAY SR 4
DNA St it & B 51 9 47 1TS X AL K
f9 PCR §" 3%, PCR JZ Wi {k & H 50 pL:10 X PCR
Buffer 5. 0 pL.4 X ANTP R & % 1. 0 pL, 25
pmol/pl MgCl, 4.0 pL,10 pmol/pL B1#) ITS1 I
ITS4 4 1.0 pL, A DNA 100~120 ng,5 U/uL
MBI Taq DNA B4 0.4 pL.ddH, O %2 50 pl,
PCR #" #4440 94 C A 3 min; 94 C 2% 50
$.50 C& P 1 min,72 CHEH 1.5 min. 34 PHEI;

72 CFEA 10 min, PCR "85 i) . B 10 pL 4"
W= 1 wL 10 X Loading buffer, #47 10 g/L 1y
T N 05 e PR VKRG T L O 2R TC R S B AT
W

1.6 REBEFEFITSREFHNES S
1.6.1 @A ¥ ITS X PCR =¥ 15 g/L 1B
EVEBERC K, UVP BER AR /T R % F U1 F HIW
%447, % Al TIANgel Midi Purification Kit 3% i 55 i
BEEERE DNA [ 5] £ GO AR RD [ i 4l ik PCR
7. Falife)s PCR =9 B 71 LA T AW
TARE AR S R 2 w8 i 7 514 4 PCR
PHSI

1.6.2 ITS R4 53] o4 K45 2/ 8 m il 7 45
B2 DNAStar ) SeqMan5. 00 $f 422 5 B R T8 ¥k 19
ITSJ¥9), RIG¥KIREHE R AWM ITS JF il 5
GenBank A7 4% 2 5038 7% (http: //www. ncbi. nlm.
nih. gov/blast) #£ 47 Blast XF 87, % H 5 HAH L
P B e 1) DA AR B A AR A ) A 2 oy S b AV
1.6.3 AAAAMMME KHEIANREER™
AW E ITS Jp 4 Clustalxl. 83 #1172 & J¥ 51 L
X U &R Gk B A 41 Phylips. 66 ) DNAmlk,
K R R DL AR v 4l 3L T TTS 9 43 4 0 R 5 %5
R RS KB W IEX TR R SR F R
17 B 25 #r (Bootstrap, 54 1 000 1K) , DAl 5 H N
5y X W) Bootstrap fH (32 RE3) . i 1M i L R 458 &

2 AR5

2.1 REBZRFEENSS

PN 68 S5 AS [] i o R 7= i 0 5 2 S B v,
aifb 328 T 10 MR R E HE R AW KA s
HPLC K ¥ & A7 e 5 55 &% - 4 W g 5 R IR AN AR
WrEphREEENEENLER 2, AR 2ATUER
Holo bR AE R EEEZ MR IARR, K 3 55
Ry . 0A 334, 04 mg/Ls 1 S B AR 0™ 5 i
ik, R 0,13 mg/L A T i A 1A 200 &
hEE R R R MR R, Wik, Brig 2 10
W R M TS faFE a2 el EE
BETEW. ZWE¥VLEE. 15 .8 SHKE
Mg s HoAh 8 MRS F &R . ik — P E o
B0 10 BEBE 4> 2 M7 L 75 6 R AT o TR W
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Table 2 Sources of patulin-producing strains and results of patulin production

Hibk Ty T e JHER] Hibk T TREHL RERE/
. mg-+ L™ 1) . (mge+ LD
Strain Source Area } Strain Source Area .
Patulin Patulin
W e 7 4k XU B H e 7 4k IR
! Green Fufeng 0.13 6 Green Fufeng 176. 32
#5E e 74 7k 75 B 25 B 74k 75 £
2 Qinguan Yongshou 2.4z 7 Qinguan Yongshou 0.52
HI¥ e 75 LB HE¥ e 75k XL EL
3 Green Fufeng 334.04 8 Green Fufeng 0.98
M2 e 74 -k LB HI e 74 Kk XL EL
4 Whiteqinguan Fufeng 9399 9 Green Fufeng 0.26
HA Ble 74 -k LB H e 76 4k JRL L
0 Green Fufeng 63.05 10 Green Fufeng 0.21
2.2 RBEBEFEHES DNA WIRE W1 7R AER T2 000 bp kb B34 25717 th 8, AT 4k
10 thIRFHEZR AW AR 4 DNA 2104558 il DNA HI Fiff—22 1 PCR §1,
M 1 2 3 4 5 6 7 8 9 10

2000 bp

1000 bp
750 bp
500 bp
250 bp
100 bp

BT 10 BRJBIFEE R 7L AL DNA BE R L ik 45 21
M. DL2000 Marker; 1~10. 4355 1~10 5 Fikk
Fig. 1 General DNA of 10 strains
M. DL2000 Marker;1—10.1—10 strains

2.3 BEEBEF4E ITSXH PCR ¥ 1 KEEyaFE e, 2600 ITS K58 B s 1 7 10
HE 2 AT 0L, 10 BB S B Z LW REY 1 MR HEER AR 1TS KRR F51.,
£ 500~750 bp My ¥ — 24 fF A HE ITS X751

M 1 2 3 4 S 6 7 8 9 10

2000 bp

1000 bp
750 bp
500 bp

250 bp
100 bp

Bl 2 10 bRJER B E AW ITS X PCR 71 7 ¥y 4 L Ik 45
M. DL2000 Marker; 1~10. 435 % 1~10 5 Fikk
Fig. 2 ITS PCR results of 10 strains
M. DL2000 Marker;1—10. 1—10 strains
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2.4 REBEFAHEITSEHFEISH
I0kEEZEZETAE ITS K535 GenBank
WA HE i Blast o Xf S S g g5 Rk 3 s, R
PR 3 Wy b xF 45 B Al F, 1 5 Aspergillus
sydowii F 8 5 Aspergillus oryzae WER)E H )8 ;

2 5 Penicillium paneum., 3 5 Penicillium

griseo fulvum .4 5 Penicillium chrysogenum .5 5
Penicillium expansum . 6 5 Penicillium expan-
sum 7T 5 Penicillium chrysogenum .9 ‘5 Penicilli-
um ex pansum F 10 5 Penicillium ex pansum Jg& T
HER,

£33 0HREBEERETEHITSEFILMNREELER

Table 3 Results of blast and identifications on ITS sequences of 10 strains

i ITS K /bp GenBank % 5 Ho i 2 5 I L/ %
Strain Length Accession Results Maxidentity

1 580 AY373868. 1 Aspergillus sydowii strain NRRL 250 99

2 693 DQ339571. 1 Penicillium paneum strain NRRL 25162 100

3 641 DQ339557. 1 Penicillium griseo fulvum strain NRRL 5256 99

4 583 AY373902. 1 Penicillium chrysogenum strain FRR 807 98

5 591 DQ339562. 1 Penicillium expansum strain NRRL 6069 96

6 599 DQ339558. 1 Penicillium ex pansum strain NRRL 35231 98

7 595 AY373903.1 Penicillium chrysogenum strain EPA 467 97

8 602 AF459735. 1 Aspergillus oryzae NRRL 506 99

9 595 AY425984.1 Penicillium ex pansum strain VIC 98

10 600 AY425984. 1 Penicillium ex pansum strain VIC 99

2.5 BEBRFLANRAREHN

P 3 T LA L 10 B 77 45 2 7 /1 B M AL
SR AR 2 AKRE L B 8 B AR
A8 HHIR T 5 — KB b 9 .10 BB T

— O3 b RGO RBOE SRR 700035 5.6 5
BN 3 B SR 850052 5.3 54 SR T
FAEBEACA FIRA— S A AR B R G AR .

99%

50%

85%

70%

K3 T ITSKFES0HM 10 kEEBEEEHNARGE L ETM

Fig. 3
3 e LR

Joe 75 5 FOR [ Bkt 2 AT ST 93 R i b 2 5
FUBR T 2R o AR SO 2 30 R OB} P R 7 R R A
AT T 40 8, X H ITS K 40 3E 47 7 I 28 Ay
s I I3 T 2K X o0 B 04 R 7 R R R A R AT T
W F R MR T REREM WL T ENZ
B ARG R T RFR . (HAE B E AT 5 R

Phylogenetics tree of 10 patulin-producting strains on ITS sequence

W R GER T RR M — L. A
IF 0T B 74 3 SR v, 7 AR e TS B AR 0 32 R
Yo {5 BEAT 136 ). O DORR IR 2 o S 2R v e 95
R RO T ISR .

ARICAFRNUNS T ELE S .

CI NI B 2 AN ) it o 8 6 5 2R oh 2 B 4R 75
B 10 MR B BE DI RS TR A .

(2O 10 BRBET B 2 AL B ITS X By 1Y
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K 500~750 bp @287 . 1 5 H1 8 SR & s .
Hofth 8 B bR 0 J 75 5

DI MEHFER T ERN AR LT LR N 1
T8 5B — AR HA 8 MR R T — KR
e — KR .9 M 10 SALT W —4r 3 b5 S5 H
6 SRR —X L 2 5.3 5. 45M7 58N —
o
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