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Table S1. Primers used for generation of the AFgtri3 (FGD3) and AFgtri5AFgtril 1 (FGD5/11) mutants

No. Primer name Primer sequence Comments
#1 MFTr3-LAU 5 TATCTTTACCACAACAGCCGATTGCCCC-3' Pn'mgr fO'r scre.ening of the FigTri3 gene disruption mutant (used in
combination with #2)
0 MFTri3-LAD 5. GCACTCTCTGATTGGAGGAGAACACTTG-3' Prime_r foy scregning of the FigTri3 gene disruption mutant (used in
combination with #1)
“ MFTri3U-Sna 5. GTACGTAGTCATTGTCTCCATTATAACAAGGC-3’ Inward primer contai.ning é}SnaBI site (und.erlined)'useld for Fhe construction
EEE— of the FgTri3 gene disruption vector (used in combination with #4)
44 MFTri3D-Sna 5 TTTACGTATGCAGGAATGGAAGTTCATTGTAG-3’ Inward prim.er contai.ning a.LSnaBI site (und.erlined)'useld for Fhe construction
e of the FgTri3 gene disruption vector (used in combination with #3)
#5  MFTri3U-inv/Spe 5'-AACTAGTATGGGGCCAAGAGATCAAGAACCTG-3" Outward primer containing a Spel site (underlined) used for the construction
of the FgTri3 gene disruption vector (used in combination with #6)
#  MFTri3D-inv/Not 5'-AGCGGCCGCTTGAGGGATTGGCGTCGAGTCTG-3" Outward primer containing a Nofl site (underlined) used for the construction
of the FgTri3 gene disruption vector (used in combination with #5)
w7 MFETril1-LAU2 5 TCAAGGCTCTCCCTGGGATG-3' Svlifrlrll;rgior PCR confirmation of FgTri/ ] gene disruption (used in combination
48 MFTril1-LAD 5. ATGAGTCGATCAATTTAGCGGCTGCGAG-3’ Primer for PCR confirmation of FgTrill gene disruption (used in combination

with #7)
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Supplementary Figure S1. Generation of a AFgtri3 mutant used in this study. (A) The gene
disruption vector pAFgTri3-hph was constructed by replacing a portion of an Fg7ri3 coding
region with pCSN43 [1] that contains the 4ph (hygromycin B phosphotransferase gene)
cassette by the inverse polymerase chain reaction (IPCR) method [2] as follows: (1) FgTri3
and its flanking regions were amplified by long PCR with inward primers #3 and #4 (Table
S1), both of which had a SrnaBI recognition site (Table S1); (2) the amplified product was
self-ligated after digestion with SnaBI; (3) the ligated flanking regions were amplified by
IPCR with the outward primers #5 and #6 (Table S1) that had Spel and NotI sites,
respectively (Table S1); and (4) the IPCR product was cloned between Spel and NotI sites
downstream of the #7pC terminator. After transformation, the colonies were selected with 300
ug/ml of hygromycin B. (B) PCR analysis of genomic DNA isolated from the wild-type (WT)
and AFgtri3 mutant strains. Two primers #1 and #2 that amplify the region encompassing
FgTri3 were used. An amplicon from the disruption mutant is 4.4 kb larger than the one from
the WT strain. (C) Southern blot analysis of genomic DNA isolated from the WT and AFgtri3
mutant strains. The probes were synthesized with a PCR DIG probe synthesis kit [3] and
detected with a DIG Luminescent Detection kit (Roche Diagnostics GmbH, Mannheim);
standard hybridization, washing, and detection conditions provided by the manufacture were
used for detection. Either blot showed expected banding patterns with probes that correspond
to FgTri3 and hph.
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Supplementary Figure S2. Trichothecene standards on TLC. (A) NIV-type trichothecenes.
NIV was produced by the deacetylation of 4-acetylnivalenol (4-ANIV). 4-ANIV and 4,15-
diacetylnivalenol (4,15-diANIV) were produced through the incubation of MAFF 111233 WT

culture. 3-Acetylnivalenol (3-ANIV) was produced through the incubation of the culture of
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NBRC 113183, an Fgtril3 o/e strain of F. graminearum MAFF 101551 [4]. 15-
Acetylnivalenol (15-ANIV) and 3,15-diacetylnivalenol (3,15-diANIV) were produced
through the incubation of the culture of NBRC 113182, an Fgtri7~ #1 s1* strain of F.
graminearum MAFF 111233 [4]. 3,4,15-Triacetylnivalenol (3,4,15-triANIV) was produced
through the incubation of the culture of NBRC 114123, an FgTri8 disruptant of F.
graminearum MAFF 111233 [5]. 3,4-Diacetylnivalenol (3,4-diANIV) was obtained by 3-O-
acetylation of 4-ANIV by Tri101p. (B) DON-type trichothecenes. 3,15-diADON was
produced through the incubation of the culture of YN 149. (C) ITD-type trichothecenes. 3-
Deacetyl-7-hydroxyisotrichodermin (3-de-7-HIT) and 3-deacetyl-8-hydroxyisotrichodermin
(3-de-8-HIT) were obtained through the alkaline deacetylation of 7-HIT and 8-HIT,
respectively. (D) CAL-type trichothecenes. 3,15-dideCAL is the abbreviation for 3,15-
dideacetylcalonectrin. 7-H-15-deCAL was obtained through the incubation of the culture of
F. graminearum AFgtril/FgTril nx chemonpe [6]. Another name for 7-H-15-deCAL is NX-2. 8-
H-15-deCAL was obtained through the incubation of FGD3 culture, and its structure was
confirmed by NMR analysis (Supplementary Figure S3, spot 3). (E) Bicyclic trichothecene
intermediates. Isotrichodiol, isotrichotriol and trichotriol were produced through the
incubation of FGD3 culture, and their structures were confirmed by NMR analysis

(Supplementary Figure S3, spots 1, 3, and 4).
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(A)

(B)
Spot 1 : 15-deCAL ['H NMR Data of 15-deCAL (600 MHz, CDCl3)]
3.10d (4.1)
2.87 d (4.1)
3.99 brd
(5.5) 3.75 d (4.5)
174s . H H
Me : 0 WOAC 212s
5.16 ddd (11.1, 4.5, 4.5)
2.06 m (2H)
1.94 ddd 2.26 dd (15.1, 4.5)
(12.6, 121, 6.1) / 2.21 dd (15.1, 11.1)
1.77 dddd Me
(12.6, 5.5, 2.0, 1.5) HO o093s
3.51d (12.1)
3.69 d (12.1)

13C NMR Data of 15-deCAL (151 MHz, CDCls) 78.1 (C-2), 71.4 (C-3), 39.3 (C-4), 45.3 (C-
5), 44.2 (C-6), 20.8 (C-7), 28.4 (C-8), 140.5 (C-9), 119.3 (C-10), 68.3 (C-11), 65.2 (C-12),
48.6 (C-13), 12.5 (C-14), 62.8 (C-15), 23.3 (C-16), 21.0, and 170.5 (3-OAc) ppm.
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Spot 1 : isotrichodiol ['H NMR Data of isotrichodiol (600 MHz, CDCl;)]
4.61 br.s

f\\OH 3.34d (4.0)
: 3.07 d (4.0)
-~

—- 0

1.56 m “vOH
1.28
1.93m
1.68 m
2.82ddd (13.1,13.1,7.1)
1.56 m

13C NMR Data of isotrichodiol (151 MHz, CDCls) 81.7 (C-2), 30.3 (C-3), 37.1 (C-4), 46.8
(C-5), 41.0 (C-6), 29.2 (C-7), 27.8 (C-8), 130.5 (C-9), 125.5 (C-10), 72.0 (C-11), 69.3 (C-12),
49.5 (C-13), 20.2 (C-14), 13.0 (C-15), and 22.3 (C-16) ppm.

Spot 1 : 7-HIT ['H NMR Data of 7-HIT (600 MHz, CDCl3)]

3.15d (4.5)
412d 3.10d (4.5)
(5.5) 3.79d
172 H H40  212s
5.42 m
Me - O WOAc
| 5.18 ddd
225 dd (17.1, 5.5) >O (10.1, 5.5, 4.0)
1.99 dd (17.1, 10.1) :
S~ ca.2.11 m (2H
449dd © HO Me I\‘II -
. 0.85s\Vle
(10.1, 5.5) 106 ¢

13C NMR Data of 7-HIT (151 MHz, CDCls) 79.0 (C-2), 71.4 (C-3), 41.5 (C-4), 46.2 (C-5),
44.7 (C-6), 69.1 (C-7), 39.6 (C-8), 137.9 (C-9), 119.5 (C-10), 74.7 (C-11), 65.0 (C-12), 47.7
(C-13), 15.1 (C-14), 10.3 (C-15), and 22.5 (C-16) ppm.
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Spot 2 : 8-H-15-deCAL ['H NMR Data of 8-H-15-deCAL (600 MHz, CDCI3)]

3.08 d (4.0)
564brd ;g4 2.89.d (4.0)
(5-3) (5.5) 3.73d
1.87's H H 45) 2.13s
Me : 0O WOAc

5.18 ddd (11.1, 4.5, 4.5)

216dd HOY

- 2.23dd (15.1, 11.1)
(14.6, 4.5)/ / Me 2.08 dd (15.1, 4.5)

2.07 br.d
(14.6) HO 0935
3.69d (12.1)
3.45d (12.1)

13C NMR Data of 8-H 15-deCAL (151 MHz, CDCls) 77.9 (C-2), 71.3 (C-3), 39.5 (C-4), 45.7
(C-5), 44.0 (C-6), 28.3 (C-7), 67.3 (C-8), 138.8 (C-9), 122.8 (C-10), 68.6 (C-11), 67.0 (C-12),
48.5 (C-13), 12.6 (C-14), 62.7 (C-15), 20.6 (C-16), 21.1, and 170.7 (3-OAc) ppm.

Spot 3 : isotrichotriol ['H NMR Data of isotrichotriol (600 MHz, CDCl3)]

4.64 br.s
166 s
515 br.s
Me f\\OH 3.32d (4.0)
‘ 3.13d (4.0)
1.96 m :\O
178 m g 3.63d (4.0)
1.55 ddd (13.6, 6.0, 1.0) 5 91MeMe -110OH
1.20 ddd (13.6, 12.6, 6.1) 218008
/4.27 ddd (8.8, 6.6, 4.0)

/ OH
2.72 dd (13.6, 8.8)
)

1.83dd (13.6, 6.6

13C NMR Data of isotrichotriol (151 MHz, CDCls) 79.6 (C-2), 70.0 (C-3), 43.5 (C-4), 45.2
(C-5), 41.2 (C-6), 29.1 (C-7), 27.6 (C-8), 135.3 (C-9), 125.3 (C-10), 71.5 (C-11), 67.5 (C-12),
49.3 (C-13), 22.0 (C-14), 13.1 (C-15), and 22.5 (C-16) ppm.
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Spot 4 : trichotriol ['"H NMR Data of trichotriol (600 MHz, CDCl;)]

5.55d

(96) 575brd

HO (9.6)

1.29s Me''"’
1.70m

m
m
O

/3.74 d (4.5)

1.77 m Me oY
1.33m%s1 M? OH
' /4.30 m
OH
2.15m
1.79 m

13C NMR Data of trichotriol (151 MHz, CDCls) 77.5 (C-2), 69.0 (C-3), 41.5 (C-4), 43.9 (C-
5), 39.5 (C-6), 27.0 (C-7), 34.0 (C-8), 66.5 (C-9), 131.3 (C-10), 136.3 (C-11), 69.2 (C-12),
49.9 (C-13), 20.4 (C-14), 21.3 (C-15), and 30.7 (C-16) ppm.

Supplementary Figure S3. Bicyclic precursors and tricyclic trichothecene intermediates of
FGD3. (A) TLC analysis of trichothecene metabolites. Spot 1 contained 15-deCAL,
isotrichodiol, and 7-HIT. Spots 2, 3, and 4 contained 8-H-15-deCAL, isotrichotriol, and

trichotriol, respectively. (B) The compounds in spots 1-4 were confirmed by NMR analyses.
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(A) ITDmol [M+H]" m/z: 251.164, RT: 3.88 min

(B) ITD [M+H]" m/z: 293.175, RT: 4.95 min

(C-1) 7-HIT [M+H]" m/z: 309.170, RT: 3.84 min

(C-2) 7-HIT [M+NH4]" m/z: 326.196, RT: 3.84 min
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(D-1) 8-HIT [M+H]" m/z: 309.170, RT: 3.45 min

(D-2) 8-HIT [M+NH4]" m/z: 326.196, RT: 3.44 min

(E-1) 15-deCAL [M+H]" m/z: 309.170, RT: 3.55 min

(E-2) 15-deCAL [M+NH4]" m/z: 326.196, RT: 3.54 min
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(F) CAL [M+NH4]" m/z: 368.207, RT: 4.41 min

(G) 3-deCAL [M+NH4]" m/z: 326.196, RT: 3.58 min

(H) isotrichotriol [M+NH4]" m/z: 286.201, RT: 3.45 min

(I) trichotriol [M+NH4]" m/z: 286.201, RT: 3.04 min
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(J) 3-deacetyl-7-hydroxyisotrichodermin (3-de-7-HIT) [M+H]" m/z: 267.159, RT: 2.80 min

(K) 3-deacetyl-8-hydroxyisotrichodermin (3-de-8-HIT) [M+NH4]" m/z: 284.186, RT: 2.48
min

(L) 7-H-15-deCAL (NX-2) [M+NH4]" m/z: 342.191, RT: 3.15 min

(M) 8-H-15-deCAL [M+NH4]" m/z: 342.191, RT: 3.10 min
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(N) isotrichodiol [M+NH4]" m/z: 270.206, RT: 4.11 min

(O) 3,15-dideacetylcalonectrin (3,15-dideCAL) [M+NH4]" m/z: 284.186, RT: 2.77 min

(P) DON [M+NH4]" m/z: 314.160, RT: 2.29 min

(Q) 3-ADON [M+H]" m/z: 339.144, RT: 3.10 min
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(R) 15-ADON [M+NH.]" m/z: 356.170, RT: 3.05 min

(S) 3,15-diADON [M+NH4]" m/z: 398.181, RT: 3.84 min

Supplementary Figure S4. MS/MS spectra of 16 tricyclic and 3 bicyclic trichothecenes and
shunts. The purified samples were applied to LC-MS, and their MS/MS spectra were obtained

in the positive ion mode, using the TOF-MS methods.
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Supplementary Figure S5. Generation of a AFgtriSAFgtril 1 (FGD5/11) disruption mutant
used in this study. (A) The FigTrill gene disruption vector [7] that contains the hph
(hygromycin B phosphotransferase gene) cassette was transformed into FGD5 mutant strain
[8]. After transformation, colonies were selected with 300 pg/ml of hygromycin B. (B) PCR
confirmation of genomic DNA isolated from the FGDS5 and FGD5/FGD11 mutant strains.
Primers #7 and #8 were used to amplify the region encompassing Fig7rill. An amplicon from

the double disruption mutant is 5.0 kb larger than that from its parent FGDS5.
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Supplementary Figure S6. Trichothecene production of transgenic F. graminearum strains

with constitutive overexpression of 7ri6 and/or Tril(. (A) Pedigree of transformants with

28 / 39



multiple genetic manipulations for the overproduction of 15-ADON. The previously
described strain A7ri6 tk (YN _001) contains a hygromycin B phosphotransferase gene
translationally fused to a herpes simplex virus thymidine kinase gene (hph.:tk) [9, 10]. This
strain was used to generate a marker-free 7ri6-overexpressor strain YN 004 (ATri6 /
Prer::Tri6) by conditional negative selection against the Aph::tk cassette with 2'-deoxy-5-
fluorouridine (5-FdU). In strain YN 004, a strong Aspergillus nidulans TEF 1o promoter
fragment [9] is inserted upstream of the 77i6 coding region. The promoter disruptants

YN 112 (ATri6 / Prer::Tri6, APrviro / Pepp::hph::tk) and YN _109 (APrviz0 / PGpp::hph::tk)
were obtained from YN 004 and the WT strains, respectively, by positive selection against
hph::tk with hygromycin B. Marker-free transformants YN 120 (ATri6 / Prer::Tri6, APrvizo /
PGep) and YN 116 (AP7vi10 / Prvizo + Prer) were obtained from YN 112 and YN 109,
respectively, by the negative selection. (B) Generation of strains YN 120 and YN _116.
YN _ 004 was created from YN 001 following transformation with pCjTefTri6, where 5-FdU
resistant transformants with double crossover homologous recombination were negatively
selected against aph::tk. YN 112 and YN 109 were created from YN 004 and the WT
strains, respectively, by positive selection with hygromycin B following transformation with
pdTril0p-hphtk. YN 120 and YN 116 were created by negative selection with 5-FdU,
respectively, following transformation of YN 112 with pCjPgpdTril0 and YN 109 with
pCjPtefTri10. (C) Production of trichothecenes by the transgenic strains. The WT (JCM
9873), YN 004, YN 116, and YN 120 strains were cultured on 100 mL of YS 60 (0.1%
[w/v] Bacto™ yeast extract, 6% [w/v] sucrose) and YG_60 (0.1% [w/v] Bacto™ yeast
extract, 6% [w/v] glucose) medium in a 300 mL-Erlenmeyer flask with gyratory shaking at
25°C. In contrast to the WT and 7ri6-overexpressor YN 004 strains, YN 116 produced 15-
ADON on YG_ 60 medium that does not contain sucrose. The 15-ADON production was
further enhanced in the culture of YN 120, in which both 7ri6 and Tril(0 were constitutively
overexpressed. YN 120 also produced 15-ADON on YG medium (0.5% [w/v] Bacto™ yeast
extract, 2% [w/v] glucose) that contains a lower amount of glucose and a higher amount of

yeast extract. (D) Sequences and maps of disruption and replacement vectors.
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Supplementary Figure S7. Transgenic F. graminearum strains used for the investigation of
the effect of 7ri6 and Tril0 overexpression on 15-deCAL accumulation. (A) Pedigree of
transformants with multiple genetic manipulations for the generation of a 7ri3-disrupted
strain, YN 153, with overexpression of 7ri6 and Tril(. The gene disruptants, YN 145 (ATri6
| Prer::Tri6, AP1riio / Poep, ATri8 / Pgpp::hph::tk) and YN 153 (ATri6 / Prer::Tri6, APrriio /
PGep, ATri8 | Tri8 nsm, ATri3 /| Pgep::hph::tk), were obtained from the marker-free
transformants YN 120 (Supplementary Figure S6) and YN 149 (ATri6 / Prer::Tri6, APriio
/ Pepp, ATri8 / Tri8 nsm), respectively, by positive selection. YN 149 was created from
YN _ 145 by negative selection. (B) Generation of strain YN 153. YN 145 was created from
YN_ 120 by positive selection with hygromycin B following transformation with pdjTri8-
hphtk. YN 149 was created from YN 145 by negative selection with 5-FdU following
transformation with pCjTri8-nsm. YN153 was created from YN 149 by positive selection
with hygromycin B after transformation with pdjTri3-hphtk2. (C) Sequences and maps of

disruption and replacement vectors.
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