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Identification of Toxin Chemotypes of Fusarium pseudograminearum
in Shandong Province and Analysis of Their Correlation with
Pathogenicity
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WU Yue-ming, YU Jin-feng, ZHANG Li", CUI Hai-tao™
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Abstract: The occurrence of wheat crown rot has become increasingly severe in China's major wheat-producing regions and
has emerged as a major disease threatening food security. Fusarium pseudograminearum, one of the primary pathogens
responsible for this disease, exhibits a pathogenic mechanism closely associated with the production of mycotoxins, among
which deoxynivalenol (DON) and nivalenol (NIV) serve as key pathogenic factors. Using 125 strains of F pseudograminearum
strains from 8 regions of Shandong Province as materials, this study conducts PCR with specific primers to systematically
analyze the toxin chemotypes of the pathogen. Results show that 15-AcDON-producing strains accounts for the highest
proportion at 56% (70/125), followed by 3-AcDON-producing strains at 38.4% (48/125), while NIV-producing strains
account for the lowest proportion at 5.6% (7/125). Pathogenicity assessments show differential virulence among toxin
chemotypes, with NIV-producing strains exhibiting the strongest pathogenicity. Furthermore, DON production analysis
indicates that 3-AcDON-producing strains exhibit significantly higher toxin synthesis capacity than 15-AcDON-producing
strains, and toxin levels have a positive correlation with pathogenicity on wheat coleoptiles. This study elucidates the toxin
chemotype composition of F. pseudograminearum in Shandong Province and their relationship with pathogenicity, providing
critical data support and a theoretical basis for integrated management of wheat crown rot.
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pseudograminearum) < R4 (F. graminearum)
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(17 B A2 A v AR A SR R R A (R
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SAVA N V| A7 Sl U NS 29 2 A) D R SN
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R A PR ALAE 4 Gy /D 22 3 A8 vh 2 & B Ui
75 4% (trichothecene) K HL 1 7 22 %6 2 PR A AR
WA, Tt 4RSS BT TR 44 BE (DOND |\ 3- Z T it
AT R PR R B (3-AcDOND | 15- ZL B it A 55
i i 76 T 495 T (15-AcDON) A5 1 i 160 T 475 1
(NIV) 25010Vt 58 3R B, 7EBOR 2 Bl 90 51 2 1 /s
2L b, 25 R 43 B A5 B R B0 1R
5, P2 AR ) DON & & o A FRHLX PR 4
SRAL AR R AN P E R, Bl LI s £
PA3-AcDON B8 304 3, il b 44 550 B 48 U A
15-AcDON 2y =, oAt [5] S A1 X Chris KA
VBT P 25l 4D 0 %2 21 DON & 2 1 =ik
FE5 G, %8 2 ped ik S e T NSRS fi R
RO ANEREF R R R R, LR
TESE 3 2570 34y 56 4-5 25 v, ] e AA L 22
A AT AR

I IS A AT NIV 2 3 DON 3 3 14 bk
(DR #% , LEE 55 NI TRII3 A1 TRI7 B[R] 2 i
JE R R = A2 DON # 2 B NIV 8 R 1 0 H K % .
FE7F7 NIV B R B, TRII3 A TRI7 B DR 2 B
DS R, Forb TRII3 FE TR 9 1 C4 AL B, T
TRI7 R 1157 C4 LB AL . MHELZ T 727
DON 5 % [F) & #k r , TRI7 3L R AT Rk 2%, Bl
TRI7 M1 TRI13 H5 K #R k2K, B0 T AN JE R 25 AN
FIKRM AR, HE TR R A BUH DG R 41 1)
ST E s — Rl bR B A s R R e Ty
%o Zhang BT X KRB A REN A HIEFE
K] TRI6 F1 TRIS R H OR 57 7 SR 4T 23 B A EE
X, Bt T R S TOXPL/P2MY . %077k
I PCRY 1S 74 Fr B ) K/ K X 4 DON 55 3
(300 bp) FI NIV # % (360 bp) 4451, IF HE&
IS AE , UE B Z A 7 v R I R R AR e M.
N T HE— P X 4 DON 8 & MW F A7 49,
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4331 HY 586 bp A1 864 bp i F B, M SZ B X
X BT AP HERA [X 53 -
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1.1 RIEME
111 EAtRR  REWRGEE HED BN
B BF T AR YT VAL 8 LT 1 125 BRI R
B, ARSI = 5 B ARAT
1.12 #X k&M FFE22.
1.13 354K PDAFRAE(HLKRE200 g, H A
P20 g, BHEM 15 ¢, BUKERZE 1 LA TIH
JR HL B 85 7%, CMC 15 77225 (CMC 1.5 g, NaNO,
0.2 g,KH,PO, 0.1 g,MgSO,-7H,0 0.05 g, i} 2
0.1 g, 8T/ ERE 1 LM T 5 B w
TR RS 9%, TBI £ 3% 3k CFE B 30 g, Ji i 2h R 26
0.8 g,KH,PO, 1 g,MgSO,-7H,0 0.5 g,KC1 0.5 g,
FeSO, 7H,0 10 mg, Z& 187K & 4 22 950 mL, il A
200 pL Traceelements , J& & 3515 , W 15 1% W pH
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e
1.2 AL DNA BIZE

W R PR 2 B T PDA S AR 85 9% 3-5 d, &1 B
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T2, NN TE /K B FEAE-20 °CUKF UL LK 5 25
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Table 1 Primers and their sequences for toxin chemotype determination

519 FHI(5°-37) i AN YA
Primer Sequence(5°-3") Band size Primer type
TOXP1 GCCGTGGGGRTAAAAGTCAAA

300/360 DON/NIV
TOXP2 TGACAAGTCCGGTCGCACTAGCA

TRI303F GATGGCCGAAGTGGA

586 3-AcDON
TRI303R GCCGGACTGCCCTATTG
TRI315F CTCGCTGAAGTTGGACGTAA

864 15-AcDON
TRI315R GTCTATGCTCTCAACGGACAAC

132 B& KB BRSSP DNA 5
B2, 1 51 % TOXP1/P2 % H ) Fr Be it 47 ¥ 48 .
PCR ¥ 4 {& & A : 2xAccurate Taq Master Mix
12.5 uL, 1E [\ 5] % (Primer-F) #1 J% [ 5] %)
(Primer-R) % 1 uL,DNA#4R 1 uL,ddH,0 9.5 uL.
N2V E 10 R £ 95 °CHIAEYE 5 min; 95 °CAR
#£ 1 min. 55 °CiE K 1 min.72 °CZE1# 50 s, 35 4
PEFR ;72 °CHEAH 6 mine 3= PF FH 1% Bl b
HERTT R LK BT . A5 H 267 K /N A1300 bp,
W T 7= 55 R 2 DON B 25 457 B 467 Kb
79360 bp, M= 82 K AUNNIV F 3.

e EIR Y14 H1 300 bp A B AR, LAIX L
BRI ¥ DNA AR 5 73 90 45 FH 51 406 TRI303F/
TRI303R 1 TRI315F/TRI315R X} H ) A Bedk 4T
. PCRYMGIARRFE L. RMNAKMFREWT:
95 °C 7% 14 4 min; 94 °CZZ % 1 min. 58 °CiE ‘k
50 5472 °CHEAH150 5,35 MIEFF 572 °CHEH 10 min.
38 BT 45 7= A FH 1% B T R S e 3R AT H K AR
M. 5149 TRI303F/TRI303R ¥ 14 tH H i) Fr B
586 bp, F= & %K M A 3-AcDON;; 51 4 TRI315F/
TRIZISR 3Gt H (1) 7 B 864 bp, F“ R 2= KM N
15-AcDON.,

133 DONFHFZ 22 M7 EHKET CMCHK
G IR B R G IR o AR AT KRR
P HE R 1x10° spores mL ™" H- 427 2 TBI = 83 85 7%
B REGRIFR 72 he WERZ BT IFRETH,
TRAL BRI FLAR 5 , H4 AR bR A 5 23 7
K RLFL S BRSO 30 min. Bl 5 34T IR OF
TN & B AN 2 183, 78 450 nm P KAk

st FH Pl SN MR B CODED o« AR Bl A A
WA 6% A 2 bt i 2%, T 543 B =i
d I DON & &t
134 D EJEF BAEMNBUR A M T EBUH AL
VLTS R 5F 22 22 /N e AT AT A 2 AR B . 1R Ah T
KRG, ¥ H AR T K R S & kA o R,
B EKE T, SRR EIHER . [N,
I CMC IR AR B 7 5 55 95 1B, AR 20 AR 1
DUVE , IF 7 R FE I 8 2 1x10° f§ -mL.
MNERFRAEKEL 1 om I, AT B R AR B«
BY 25 V0 2 B 20 I LA 3& 475 1, RE AR B Fh 3 uL 18
TR BEJS R FERN J5 AR E T 25 °CHE 77
M i IR, 6 dJa IR SRR KR, 1T
TG TEE il RS g R, SR EE 3 IR

Wit o3 Fbr e 2 210

0 Z% : ToIm B B R B HUK /N T 0.5 em.

1R BEY B B2 L 0.5 om (H AN i
1.5 cm.

3% R B HCK R 1.5 om (H AN
2.5 cmo

5P HUK B 2.5 em (H AN 1T
3.5 cmo

TR UK BRI 3.5 em BFH AL AL

T3 15 18 B=2 (% U MR BOoom AR B/
CUR AT MR BBO< B e AR R EUE D %100

2 ZEREDH

2.1 WERBARABEANSZUFRLEE
2.1.1 DONEZ/NIVEELZ HHHFEEL



134 - AR A R 224 (H SRR A R

57 %

27 R0 % 52 R M 51 4 TOXP1/TOXP2 %} 125 #k
AR SR DNA AT 9 48 . 45 R B R,
TE 125 BREE R, 118 MR AT 444 31 300 bp 1) 7 Bt
M3 A7 #R B9 v B R 7 9 360 bp CE 1A ©

A M 1 2 3 4 5
500

250

500

250

C
1 000

750

KL 125 BRIBUR B B, 94.4% IR AR
P Q18 RO AT 7= 8 R KN DON # %, 5.6%
B AR 2 B 8 (7 #F D B P78 = BN NIV

7 8 9 10 11 12

& 1 PCRIMFRHFE
Fig. 1 PCR detection of toxin chemotypes
VE:A:1~2,4~7,9~12 ¥KiE N 300 bp, 3, 8 ¥ikiE& 360 bp; B: 1~13 Jikiti 4300 bp; C: 1~8, 10~11, 13 yikiE 4 864 bp,9, 12 JKiE Jo 5671

M: 2 000 bp DNA maker.

Note: A: 300 bp for lanes 1~2,4~7,9~12 and 360 bp for lanes 3,8;B: 300 bp for lanes 1~13;C: 864 bp for lane 1~8,10~11,13, no

bands for lane 9, 12.

2.12 3-AcDON # % #= 15-AcDON # % % %
DON 5 & b %% 8 %5 € F 7 1% 51 4 TRI303F/
TRI303R. TRI315F/TRI315R %} 118 # A% & 4 8
I DNABHATY 1, 25 R BoR LI AR R , 48 #k
(4386 =) K /N 586 bp, T B L = Be R KA N
3-AcDON #f % (1 1B) s 70 BRI 4 34 F= 1) KN Ay
864 bp, RHHHAZRLAIN 15-AcDONFHZR(H 10).

iR gE B F B, 77 15-AcDON 2 % i B
%, b U 56%; 77 3-AcDON & % (1 1 £
RZ 5 b7 B E 1) 38.4% 5 77 NIV B 5 [ B bk e 2D
AU 5.6%. (HABERME, P NIVERN
BRI A SO A VA7 338 AR A2 M 7 A Xm0 1), A
H X AR R I o 7 BT AS U1 8 AN b X Hh i 41
Ah CBL 3-AcDON N T, HiAl B AN H X 2 DL 7=
15-AcDON # & MM E 2 (K 2) . Bk, IR
BARA M Z = F R 2 15-AcDON # % .
2.2 DONFEXEZEMELER

DRI E AN [ 7= EE S B R PR IR 2 3 5 R
SR TN F AR B 2 A R R IR .
BRI 52 45 J AT W, 3-AcDON B BR (1) 72 B ik
JE B AR = T 15-AcDON B PR 19 7= 553K &, R BHAS
[Fi) T Pk 2 ] 55 R IR E AR B3 2 7 (240
BRI 22 2E ) 5 1 52 &5 5T WL 3-AcDON-3 T4 £k [

R2LEFUFBPCREELER
Table 2 Results of PCR identification of toxin chemotype

BRI

X B .
Location Amount Toxin chemotype

NIV 3-AcDON  15-AcDON
e “ 0 25 19
Hbi 21 0 5 o
T 17 5 0 b
T 21 5 17 5
HE 6 0 | S
v 0 0 S
Py 4 0 0 A
| 7 0 3 A
ESaN 125 7 43 7

W 22 B B, 1 15-AcDON-1 B Bk 1) 1 22 &
iK%, AR = 2 28 BB R (1) 1R 22 AR V) A7 AE B
Z5(E2B).

DAHE 2 0 B 22 AR ) & 19 LB 1T 5 DON
B R O A /1T W, 3-AcDON-3 T ¥k 1 8 & &
RCRE 7 B 3 , 117 3-AcDON-1 B Pk 1 35 % & A BE
HEALCE 20 . MWEAKE , 77 3-AcDON &
F WP B R 7= & T 7 15-AcDON #
I K, £ 9 77 3-AcDON A 7 2 1 B #k [
15-AcDON 2 B A B 1) P2 B 5E /7
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DEERE BLTERBRTE
Fig. 2 Toxin concentration, mycelial dry weight and toxin
yield

AR AR R RIREE . B AR B2 1 bk 1 1 22
FH. C:apRAERS. FRHARE RN ZE R AL R FH K
(P>0.05) , TR} 3 408 2 A B 3 KT (P<0.05) -

Note: A: Toxin concentration of strains with different toxin-
producing types. B: The mycelial dry weight of strains with different
toxin-producing types after 3 days of cultivation on TBI medium.
C: The toxin yield was calculated based on the ratio of toxin
concentration and dry mycelial weight. The same letter indicates
that the difference did not reach the significant level (P>0.05), and
the different letters indicate that the difference reached the significant
level (P<0.05).

23 BURNDMELER

PR FUAS [F) 7= 25 2 B B bk 1R 3500 ) 2 AT
TEZE S, FATHAT T /N I ZE R P S8 . B AL
1% HU NIV, 3-AcDON . 15-AcDON 5 2 25 B 1 #k
&S bR TE/NZZ IR 2 AT HER , Gv R 2E R
PR L, H i BRI TR Hefh e d 5 L A

BRI PRI BOR AR ZE R, A= NIV # R
B Pk I B0 s, PR IS R Bl e . N
47.57, FL IR 7& 3-AcDON % % B K , 3095 1 18
v 41.83, 1M 15-AcDON 7 & B Ak 10 80% 71 i
&, PR Efa £ 37.98 (B 3 FIER 3D

3TEAERLBERNEBRE N
Fig. 3 Pathogenicity of different toxin-producing strains
on wheat coleoptiles
TE  ANF R R A RN IR 2B 6 d R R RO IR L -
NZE ) A5 MR NIV B35 23 A = AR 0L » 3-AcDON A3 2K
FeBh 5 Rt B, 15-AcDON BUFF SRl 5 R 1100«

Note: Disease symptoms of wheat coleoptiles at 6 days post-

inoculation with different toxin-producing strains. From left to right
are the disease symptoms after inoculation with NIV-type toxin,
3-AcDON-type toxin, and 15-AcDON - type toxin.

R 3 HEME o R/NEZEI BB IFIEH
Table 3 Disease index of wheat crown base at 6 days
post-inoculation

[l 3 i TE 4L AR s TR AR
Strain Disease index Average disease index
NIV-1 42.85
NIV-2 51.95
NIV-3 46.94 47.57
NIV-4 42.86
NIV-5 53.25
3-AcDON-1 29.68
3-AcDON-2 40.66
3-AcDON-3 54.76 41.83
3-AcDON-4 42.43
3-AcDON-5 41.61
15-AcDON-1 39.29
15-AcDON-2 36.63
15-AcDON-3 35.51 37.98
15-AcDON-4 38.7
15-AcDON-5 39.76
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REW] ARG R B 2 B S LA 8 B
BUW JIAAE 535 10 IR A S, 1 bR B 3K B
e FL B F7 05 o
R4 BRTESHFHLBEREXESH
Table 4 Correlation analysis of toxin yield with wheat
coleoptile disease severity

IS JRZF R I e A BRI
Variable Coleoptile disease index Toxin production
JI2F R I 1R A
Coleoptile disease 1 0.818%**
index
R
0.818%* 1

Toxin production

TE o £E0.01 o (WD AHRTERZ . P<0.01.
Note: ** The correlation is highly significant at the 0.01 level
(two-tailed). P <0.01.

3 4Eig

AT AT I R R A R L IX R OR 4
PR EE, B T L AR AR R R R R RS
A B 1 oA O 0 R K H R AR
IR 1 AN R B 2510 2 28 ol o A 1 5 B0 0 1 %
R NVLE /N ZEE R B TR At T — e i B
WA, ARSAHME R T L REBAR
PR 7 15-AcDON B 8 2 1 B R A2 IR 35 R 3,
7 3-AcDON B 5 K [ Rk 2, 7™ NIV B 8 3%
(AR BT o LB B . AN R P2 2 28 (K i bk , 78
A= W eSS I N ESE LAY I
HE NIV L8 3R BR800 B0 ) ik, 7=
3-AcDON Y 5 2 I B #R I 2, 77 15-AcDON 44
BER MR BOW /1855, 77 3-AcDON B 8; 3%
B 25 Bl 10 B B AR 0 7 3 P B i T 15
AcDON % 75 3% (1) 4B AR 2 Bk 6 11 B Ak, L B AR 1)
B m S AN R BRI WA
BEIR R
4 it

TERE /N IX, RSP R RN
Jb 1F) #9321 1 15-AcDON % 7 £ [f] 3-AcDON 7Y
BREFAL, JbrE X CEIRTT 3 A0 AR 2 8k
7 3 FP= 15-AcDON 2 5 U810, 1) g 2 s
X G B LA 15-AcDON 8 2 8 (B IT 44
NIV F13-AcDON B B R, & 2 1 558508 1l 2R
/NG SR BRI T R 2 AT B R Ak S A A s

BRI 53 B E L 2R ML DX PR R 2 B Hh K ) B
7 E 5 H 15-AcDON, 3-AcDON Bl 8 Rk 2,
NIV B8 3 A /bl

AR BRAE AR B AE NN 22 2255
10 25000 1, 75 7= B RFAE 7 T A7 CEAR AL . B
& X R K A B fi F . 3-AcDON # & 1 15-
AcDON 7§ 3 /2 F 25 2 KA, NIV Y 5 2 B Ak
W R R0 1% IR AT AR5 DON 24 B ik 2 A
B SR AR A IE RV G AT NIV 2 B R,
DON 2 B #R AN F T H B8 v (9 35 3= AR 0 6
77 5 [F B 7 FF A% 386 B 39 5 R0 AR A7 5% 4 5 THI R
BRI, Deng Zxt 11 R AN 954 /N2 250
V3 993 95 B R 43 B 15 21 1 300 A AR AR R 23 B 7t 3t
ITH R % ¢, K I 3-AcDON F1 15-AcDON
NFEZER P E R, ORI 1 HREEBINTV 2 5
Pro 40 B BYLI5E B Bk 32 227 3-AcDON 2 2
M7 B H LR A W E AR 27 15-AcDON Y
BER o RTBRVE A /N2 AN R ERA 4k T B A3 s 4
ERFFRLFISNTRI, 738 B /N F 2L
[ 15 K 43 4 7+, 7% 3-AcDON % 5 & Al 15-
AcDON B85 2 (1 B bk 7 LU 22 S /0 5 A A ) 28] 7
NIV B8 2 AR . 2 Hh I 70 B 3L R &
B, DON 4 B #k 70 3R B £ 77 22 X L piAa e 1
MRS . ARFFTT A LR 8 N HLIX R AL I
BRI AR S WA 125 Bk, B R EM O B
7~ > BEIR B R A7 E NIV . 3-AcDON £ 15-AcDON
=R F AL A, Hod 15-AcDON B B #k R 46 50t
0 A TR R C o B R A 11 56.0%) o IX — J3 A
fIE5 Deng 55 5 T Ll AR B W A LA 15-AcDON A4 %y
F R IE A —EL

KT R HRAMEE 2 BB 5 B0 ) A e
WF T AEAE I K 22 53, DON B 7R 28 9 0 1 ke xof /)
1307 1158 % W T NIV 8, 1 3-AcDON L Al
15-AcDON Y B #k [H] 50 71 6 2 3 % =P
sk L EE S IR 7T 45 SRR B 3-AcDON BY B Ak 20
J18 5, 15-AcDON BRI NIV B ) R 25 S 1 20w
NI EZF . R T A, RATRAH %
22 i IR VR 2 B 4 o Ak 2RO 31 NTV B B ik B
I 71 B ik 5 15-AcDON R 8055 ) B 55« [HASIER
(12, BT AHIE 55 i /N2 o o & o b v S5
FLRT /N SRR 22 57, T A A A IR SEAS
[Fi) 7N 22 ity P tof 25 5 0 1) B0 A7 7 S 35 o T
S R FRAT T DU 8 R B0 ) AR L 22 R AT e
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