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Materials and Methods
Plants and insects
To investigate the impact of benzoxazinoids on the western corn rootworm (WCR, Diabrotica
virgifera virgifera), the following maize (Zea mays) genotypes were used: bx1 NIL (referred to as
bx1) and its corresponding wild type (WT) B73; bx1::Ds, bx2::Ds, bx6::Ds (referred to as bx1/W22,
bx2/W22 and bx6/W22 respectively) and their corresponding WT (W22); Bx13NIL-Oh43 (referred
to as bx13) and its corresponding WT (Bx13NIL-B73, referred to as B73NIL); and the bx1.igl
double mutant line 22. These genotypes have been described and characterized previously (19-22).
In addition, Bx12oe was created for this study (see next section). As non-host species, rice (Oryza
sativa; cultivar Xiushui 110) and barley (Hordeum vulgare; cultivar Eunova) were used. WCR
larvae were reared on maize hybrid seedlings (var. Akku, Delley DSP, Switzerland) grown in
commercial potting soil (Seedlingsubstrat, Klasmann-Deilmann GmbH, Germany) as previously
described (23).
Generation of ZmBx12 overexpressing (Bx12oe) lines
The complete open reading frame of the DIMBOA-Glc O-methyltransferase ZmBx12 (GenBank
accession no. KC754964) was amplified from the vector pASK-IBA37plus::ZmBx12-CML322
(24) with the primers shown in table S1. The amplification product was digested with SpeI and
EcoRI (Fast digest, Thermo Scientific) and cloned into the linearized vector pUbi-AB downstream
of the maize ubiquitin 1 promoter PUbi-Int. Insertion of ZmBx12 was confirmed by sequencing.
The resulting vector pUbi-AB::ZmBx12 was digested with SfiI (Fast digest, Thermo Scientific)
yielding the PUbi-Int::ZmBx12 fragment. Digestion products were separated by gelelectrophoresis and the PUbi-Int::ZmBx12 fragment was subsequently extracted, purified, and
cloned into the binary vector pTF101.1 with an introduced multiple cloning site, which originates
from the wheat binary vector p6i-d35S, harbouring SfiI sites (pTF101.2). Agrobacterium
tumefaciens-mediated transformation of the maize inbred line B104 was performed by the Plant
transformation facility at Iowa State University. Transgenic seeds from 19 positive lines were
obtained. Leaf benzoxazinoid profiles of F1 plants were screened using the protocol described in
the section “Benzoxazinoid quantification”. The three lines with the strongest HDMBOA-Glc
accumulation phenotype were chosen for propagation in the greenhouse (26°C ± 2°C, 55% relative
humidity, 14:10 h light/dark, 50,000 lm m-2), and one homozygous F2 line (Ox8) was used for
experiments together with the WT line B104. Overexpression of ZmBx12 in Ox8 was confirmed
by QRT-PCR as described in the section “QRT-PCR analysis”, and HDMBOA-Glc overaccumulation in the roots was verified as described in the section “Benzoxazinoid quantification”.
Extraction and purification of DIMBOA and DIMBOA-Glc
DIMBOA was extracted and purified from the shoots of one week-old maize plants grown in dark
as described previously (25) with several modifications as follows. After mixing with the
Amberlite® XAD7 resin, the aqueous extract containing DIMBOA was decanted and the
supernatant removed. The remaining beads of resin were placed in an empty 150 mL SPE cartridge
fitted with a 20 μm frit, and dried for about 5 min under vacuum. Ethyl acetate was passed through
the column to desorb DIMBOA and the collected organic phase was dried using Na2SO4. After
filtration and concentration under reduced pressure, the residue was partially dissolved in
dichloromethane and crystallized overnight at –20 °C. The supernatant was removed via pipetting.
The beige solid obtained was washed with n-hexane and dried under vacuum to afford DIMBOA.
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DIMBOA-Glc was isolated from maize seedlings as previously described (26).
Synthesis and characterization of complexes between iron (Fe) and DIMBOA
Pure [Fe(III)(DIMBOA)2(MeOH)2]Cl was obtained by adapting a procedure described previously
for the synthesis of an iron bis-hydroxamate complex (27). DIMBOA (100 mg, 0.47 mmol) in
MeOH (HPLC grade, 8 mL) was added to FeCl3ꞏ6H2O (40 mg, 0.15 mmol) in H2O (3.0 mL). The
color of the mixture turned intensely purple, with pH ≈ 3-4. All volatiles were removed under
reduced pressure and toluene was added to azeotropically remove the residual water. Addition of
toluene (10 mL) gave a brown suspension which was decanted off. This procedure was repeated
twice more to afford [Fe(III)(DIMBOA)2(MeOH)2]Cl as a dark purple solid (71 mg, 82% yield).
HRMS calcd. for C18H16FeN2O10 [M–Cl–2MeOH)]+: 476.0154, found: 476.0177; calcd. for
C19H20FeN2O11 [M–Cl–MeOH]+: 508.0417, found: 508.0443. Elemental Analysis (%) calcd. for
C20H24ClFeN2O12: C, 41.75; H, 4.20; N, 4.87. Found: C, 41.86; H, 4.49; N, 4.93%. Pure
Fe(III)(DIMBOA)3 was prepared as follows: DIMBOA (100 mg, 0.47 mmol) in MeOH (HPLC
grade, 10 mL) was added to FeCl3ꞏ6H2O (40 mg, 0.15 mmol) in H2O (2.0 mL), leading to an
intensely purple solution. NaHCO3 (10% aqueous solution) was added until pH 8-9 was reached.
A precipitate formed, which was filtered and dried over P4O10 for 3 days, affording
Fe(III)(DIMBOA)3 as a maroon red powder (45 mg, 44% yield). HRMS calculated for
C27H24FeN3NaO15 [M+Na]+: 709.0455, found: 709.0449. The structures of the complexes were
confirmed by 1) HRMS analyses on a LTQ Orbitrap XL (Thermo) Fisher Orbitrap mass
spectrometer using nanospray ionization, 2) thermal elemental analysis on a Flash 2000 Organic
Elemental Analyzer (Thermo Scientific), 3) UV-VIS analyses using a Perkin-Elmer Lambda 900
UV/VIS/NIR spectrometer (fig. S5A) and 4) infrared spectral analyses using a Jasco FT/IR-4700
spectrometer equipped with a single reflection diamond ATR Pro one system. Proposed chemical
structures of the complexes are shown in fig. S5B.
Preparation of nutrient solutions
Maize plants were grown in the following basic nutrient solution: 10 mM Ca(NO3)2 ꞏ4H2O, 10
mM KNO3, 4 mM MgSO4ꞏ7H2O, 2 mM KH2PO4, 5 µM MnCl2ꞏ4H2O, 25 µM H3BO3, 0.85 µM
ZnSO4ꞏ7H2O, 0.55 µM CuSO4ꞏ5H2O, 1 µM Na2MoO4ꞏ2H2O and 0.25 µM Ni(NO3)2ꞏ6H2O.
Different forms of Fe were then added to the solution: 250 µM Fe-EDTA, 250 µM FeCl3 or 125
µM Fe2(SO4)3. The respective Fe-free control solutions contained 750 µM NaCl or 375 µM
Na2SO4 to control for effects of Cl-, SO42- and Na+ contained in the Fe salt treatments. The pH of
the nutrient solutions was adjusted to 5.5 using KOH. All chemicals were obtained from Sigma
(Sigma, USA).
Plant performance assays
A soil-free growth system was designed to investigate maize performance in the presence of
different nutrient solutions. Briefly, maize seeds were individually wrapped in two layers of paper.
First, the seeds were rolled into a layer of crepe C-Fold paper (1Ply, 24.5 x 33 cm, 100% recycled,
Scheitlin-Papier AG, Switzerland) approx. 2cm below the top of the roll. Then, a second layer of
Oeco-Swiss plus household paper (Cartaseta Friedrich & Co., Switzerland) was wrapped around
the inner layer. The paper rolls with the seeds were put in 200 mL pots (11 cm depth and 4 cm
diameter). Pots were supplied with 40 mL Milli-Q water, covered with aluminum (Al) foil and
then placed in the greenhouse (26°C ± 2°C, 55% relative humidity, 14:10 h light/dark, 50,000 lm
m-2). One week after the start of germination, the remaining seed shell was removed from the
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germinating seedlings to reduce the influence of residual Fe in the endosperm. Plants were watered
every three days by alternating between 3-5 mL nutrient solution and Milli-Q water. The amount
of liquid was adjusted according to the humidity of the paper system. Liquid was added to keep
the paper well moistened while at the same time avoiding the accumulation of excess water in the
pots. Three weeks after germination, dry weight and chlorophyll content of the youngest fully
developed leaf of each plant were recorded. Chlorophyll contents were determined using a SPAD502 meter (Minolta Camera Co., Japan, n=7-8).
To determine whether DIMBOA is sufficient to restore WT phenotypes in bx1 plants, WT and bx1
plants were treated as described above. One week after germination, the plants were supplied with
nutrient solutions containing Fe-EDTA, FeCl3, or NaCl. The nutrient solution for the bx1 mutants
was complemented with DIMBOA. To determine physiologically relevant amounts of DIMBOA
for complementation, total DIMBOA accumulation was quantified in the rhizosphere of B73 plants
at different growth stages over time using the protocol described in the section “Benzoxazinoid
quantification”. DIMBOA accumulation ranged from 142 - 360 µg per plant (fig. S14A). Therefore,
300 µg of pure DIMBOA was used to complement bx1 mutants on week 2 and week 3. The
chlorophyll contents of the youngest fully developed leaf of each plant were assessed three weeks
after germination (n=12).
To corroborate the influence of the benzoxazinoid pathway on leaf chlorophyll levels as a function
of Fe supply, we grew three additional benzoxazinoid mutants (bx1/W22, bx2/W22, bx6/W22) and
their corresponding WT (W22) in different nutrient solutions and measured chlorophyll contents
as described above (n=8).
To investigate whether chlorosis in benzoxazinoid mutants also develops in soil-grown plants, we
grew WT (B73), bx1, W22, bx1/W22, bx2/W22, and bx6/W22 in plastic pots (11 cm depth and 4
cm diameter) filled with commercial field soil (Landerde, RICOTER Erdaufbereitung AG,
Switzerland) in the greenhouse (26°C ± 2°C, 55% relative humidity, 14:10 h light/dark, 50,000 lm
m-2). Plants were re-arranged and watered once per week with nutrient solution containing FeCl3.
Cloning and analysis of DvIRT1
A WCR homolog of the divalent metal transporter-1 (DMT1), here designated as DvIRT1, was
identified using an in-house transcriptome database. Primer pairs (listed in table S1) were designed
to clone the full-length cDNA of DvIRT1. The cloned cDNA was inserted into the pCR™-Blunt
II-TOPO plasmid (Invitrogen, USA) and sequenced. The amino acids sequence of DvIRT1 shares
high similarity to the well-characterized Fe transporters Mvl (Genebank accession no. U23948;
Identity 70%, Query coverage 76%) in fruit fly (Drosophila melanogaster) (12), natural resistanceassociated macrophage protein (Nramp1, L32185; Identity 61%, Query coverage 59%) and
Nramp2 (also called DMT1; L37347; Identity 66%, Query coverage 82%) in humans (28, 29).
Structural domain prediction of DvIRT1 was performed with SMART (Simple Modular
Architecture
Research
Tool,
http://smart.embl-heidelberg.de,
(30)
and
Pfam
(http://pfam.xfam.org/). Prediction of transmembrane domains was performed with TMHMM
(http://www.cbs.dtu.dk/services/TMHMM/).
Yeast functional complementation
The open reading frame of DvIRT1 was inserted into the yeast expression vector pFL61 (pFL61DvIRT1) (31), and then transformed into the Saccharomyces cerevisiae strain DEY1453 (fet3fet4
mutant) (32) with the S.c. EasyComp™ Transformation Kit (Invitrogen, USA). The empty vector
pFL61 (pFL61) and the pFL61 vector inserted with the Arabidopsis IRT1 cDNA (pFL61-AtIRT1)
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(32) were individually introduced into DEY1453 as negative and positive controls with the same
procedures. The yeast cells were selected on synthetic deﬁned (SD) media plates without uracil (URA) but supplemented with 50 µM Fe-citrate. Three dilutions of the transformed yeast culture
(optical density of 0.2, 0.02, and 0.002 at 600 nm) were spotted onto the SD-URA plates
supplemented with 10 µM Fe-citrate, Fe-EDTA, Fe-DIMBOA, FeCl3, FeSO4, or DIMBOA in the
presence or absence of 10 µM 4, 7-biphenyl-1,10-phenanthroline-disul-phonic acid (BPDS; Sigma,
USA). The plates were incubated for 2 days at 28°C.
DvIRT1 silencing by RNAi
A 548-bp fragment of DvIRT1 and a 498 bp fragment of GFP gene were amplified by PCR with
primers shown in table S1, and individually inserted into pCR®2.1-TOPO® plasmid with a T7
promoter (Invitrogen, USA). Plasmids with the inserted fragment in both orientations were
linearized, and used as templates for dsRNA synthesis with MEGAscript™ RNAi Kit (Life
Technologies, USA) following the manufacturer’s instructions. The produced DvIRT1 or GFP
dsRNA solutions were individually applied on the root surface of 4 day-old pre-germinated maize
seedlings (var. Akku). Pre-starved WCR larvae were then allowed to feed on the roots for 12 h and
then used for performance experiments, or allowed to feed for 3 days and then used for preference
experiments and gene expression analysis (see below).
Herbivore performance assays
To measure the performance of WCR on plants growing in the presence of different nutrient
solutions, WT and bx1 plants were grown in the paper system as described above. Single second
instar larvae were weighed and introduced onto the roots of individual seedlings 10 days after plant
germination. The larvae were recovered and reweighed after feeding on roots for 10 days (n=1015). To determine whether exogenous application of DIMBOA can restore WCR performance on
bx1 mutants to WT levels, WT and bx1 plants were cultured with the nutrient solution containing
Fe-EDTA, FeCl3, or NaCl. The solution for bx1 mutants was additionally supplemented with 300
µg pure DIMBOA as described above. Single, pre-weighed second instar WCR larva were then
introduced to the individual seedlings and reweighed after 6 days (n=15-20). To investigate the
function of DvIRT1 on WCR performance, second instar WCR larvae were fed with DvIRT1- or
GFP-dsRNA, pre-weighed and placed individually on the root systems of WT and bx1 plants
growing in the presence of Fe-EDTA, FeCl3, or NaCl, and reweighed after 6 days (n=15-20).
Herbivore feeding preference assays
WCR feeding preference assays were conducted using a petri dish assay system as described (5,
33). Briefly, maize plants were individually grown in 200 mL pots (11 cm depth and 4 cm diameter)
as described (34). After two weeks, plants were gently removed from their pots. The root systems
were washed and laid out on moist filter paper embedded in a petri dish (diameter 14 cm, Greiner
Bio-one, Austria). The petri dish had a cavity on the side, into which the stems were laid, with the
shoots sticking out. Five third instar WCR larvae were then introduced into each dish, the dish was
sealed and then covered with aluminum foil. The dishes and plants were then laid out on a table
supplied with plant lights (25°C ± 2°C, 14/10 h light/ dark, 90 µmol m-2). The number of WCR
larvae feeding on each plant or root type was determined at different time points (see description
“choice of time points”) after the start of the experiment. Using this setup, WCR feeding
preferences for the following genotype pairs were tested: WT (B73) vs bx1, W22 vs bx1/W22,
W22 vs bx2/W22, W22 vs bx6/W22, B104 vs Bx12oe, B73NIL vs bx13. Furthermore, within-plant
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preferences (crown root vs primary root) were tested for each genotype (n>12 independent choice
setups).
To determine feeding preferences elicited by Fe(III)(DIMBOA)3, Fe(III)(DIMBOA)2, DIMBOA,
DIMBOA-Glc, MBOA, Fe-EDTA, Al-DIMBOA, Fe-DIMBOA-Glc and FeCl3 to WCR larvae,
plants of the benzoxazinoid-deficient mutant line 22 (bx1.igl) were grown in soil in 200 mL pots
(11 cm depth and 4 cm diameter). After 2 weeks, two comparable crown roots of the same seedling
were cut and placed in parallel into a petri dish (90×14 mm, Greiner Bio-one, Austria) onto a moist
filter paper (diameter 90 mm, GE Healthcare, UK). The different compounds were dissolved in
water and applied on the root surfaces (1.26 × 10-10 mol cm-2, see section “Determination of root
surface concentrations of Fe-DIMBOA complexes” for justification of chosen amount).
Fe-DIMBOA complexes used for these experiments were either taken from a synthesized stock or
prepared fresh by mixing FeCl3 and DIMBOA at a 1:2 ratio. Five third-instar WCR larvae were
placed between two crown roots. All petri dishes were covered with lids and aluminum foil as
described above. The number of larvae on each root was recorded at different time points (see
description “choice of time points”) after the release of the larvae as described above (n>19
independent choice setups).
To test whether Fe(III)(DIMBOA)3 application is sufficient to restore within- and between-plant
preferences of WCR, crown and primary roots of soil-grown WT and bx1 plants were cut and put
into petri dishes (WT crown roots vs bx1 crown roots or WT crown root vs WT primary roots, see
Fig. 2 and fig. S12). Fe(III)(DIMBOA)3 was applied on bx1 crown roots or on WT primary roots
to obtain surface amounts of approx. 1.26 × 10-10 mol cm-2. As positive controls, crown and
primary roots were supplemented with water. Five third-instar WCR larvae were placed into the
petri dish and counted as described above (n>19 independent choice setups). To further explore
the effect of Fe(III)(DIMBOA)3 on within plant preferences, two additional experiments with
Fe(III)(DIMBOA)3-complemented primary roots were performed using different temporal
resolution (see description “choice of time points”). To test the direct effect of Fe(III)(DIMBOA)3
on WCR preference, the distribution of five WCR larvae that were given a choice between two
1.5% agarose cubes which were put on each side of a petri dish. On the cube surface, we deposited
with Fe(III)(DIMBOA)3 (1.26 × 10-10 mol cm-2) or pure water (n=20 independent choice setups).
To test whether the Fe-DIMBOA complexes can attract WCR larvae in soil, we planted WT or
bx1 plants in plastic boxes (height, length, width 16 cm × 11.5 cm × 5 cm) on opposite sides in
different combinations (for details refer to Fig. 2F). Fourteen days after germination, we
complemented bx1 plants with 14 µg Fe-DIMBOA complexes and WT plants with pure water by
watering the plant rhizosphere. Five WCR larvae were released in the middle of each box, and the
number of larvae on the plant roots was counted after 16 h (n=10-11, “n” denotes the number of
independent experiments). The amount of Fe-DIMBOA for complementation was determined
based on the DIMBOA concentration found on the root surface (0.08 µg cm-2, see fig. S8) and
total surface area estimates of maize root systems (84.5 - 206 cm-2, Abiven et al., 2015) (35). Using
these values, Fe-DIMBOA amounts in the rhizosphere were estimated at 67 - 16.84 µg.
Accordingly, 14 µg Fe(III)(DIMBOA)3 were used for bx1 complementation.
To test whether the preference of WCR for Fe-DIMBOA is innate, two crown roots of soil grown
bx1.igl double mutant plants were cut and put in parallel into a petri dish as described above (n=11).
After applying Fe(III)(DIMBOA)3 (1.26 × 10-10 mol cm-2) or water on the root surface, five thirdinstar WCR larvae that were reared on bx1.igl mutant roots and thus had no previous contact with
benzoxazinoids were introduced into the petri dish, and choice was determined as described above.
The same setup was used to test the attractiveness of Fe(III)(DIMBOA)3 towards first instar WCR
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larvae (n=20 independent choice setups).
To determine whether Fe(III)(DIMBOA)3 is attractive to DvIRT1-silenced larvae, two crown roots
of bx1.igl double mutant plants were cut and put in parallel into a petri dish as described above.
After applying the Fe(III)(DIMBOA)3 (1.26 × 10-10 mol cm-2) or water on root surface, five
dsDvIRT1- or dsGFP-fed WCR larvae were introduced into each dish (n=19-20, “n” denotes the
number of independent experiments).
Determination of root surface concentrations of Fe-DIMBOA complexes
In order to determine the physiological concentration of Fe-DIMBOA complexes on the maize
root surface, we first explored chromatographic methods (UPLC-QTOF-MS, thin layer
chromatography) using pure Fe(III)(DIMBOA)2 and Fe(III)(DIMBOA)3. As due to their immobile
properties, Fe(III)(DIMBOA)2 and Fe(III)(DIMBOA)3 could not be quantified in vivo through
these approaches (figs. S17 and S18), we employed direct infusion QTOF-MS, which allowed us
to characterize the purified complexes. However, this method was not amendable to quantify FeDIMBOA at the maize root surface (fig. S19). We therefore estimated DIMBOA transformation
to Fe-DIMBOA in vitro by measuring the reduction in free DIMBOA upon addition of Fe (fig.
S6), determined the concentration of free DIMBOA at the root surface in absence of Fe by UPLCQTOF-MS (fig. S8), calculated potential concentrations of Fe in soils using values from the
literature, and integrated these values and measurements to determine physiologically relevant
amounts of Fe-DIMBOA for biological testing.
For thin layer chromatography (TLC), pure Fe(III)(DIMBOA)2, Fe(III)(DIMBOA)3 and DIMBOA
were dissolved in MeOH 100% or MeOH/water 1:1 respectively, and run on pre-coated aluminum
TLC sheets containing a 0.2 mm silica gel layer (normal phase; NP) with a fluorescent indicator
(Alugram Xtra SIL G/UV254,) using MeOH/EtOAc/formic acid 50:50:3 as mobile phase. TLC
under reversed phase conditions (RP) was performed using TLC Silica gel 60 RP-18 F254s plates
and MeOH/0.1% formic acid as a mobile phase.
Despite the lack of mobility observed in TLC, we attempted detection of Fe-DIMBOA by UPLCQTOF-MS. Using an UPLC Acquity BEH C18 (50 x 2.1 mm, 1.7 µm) and UPLC Acquity HSS
T3 (100 x 2.1 mm, 1.8 µm) columns,
To bypass chromatography, we performed a series of experiments in which the Fe-DIMBOA
complexes were directly infused into the QTOF-MS at concentrations of 10 µg mL-1. Infusion
experiments of synthesized Fe-DIMBOA complexes are presented in fig. S18. To attempt
detection of Fe-DIMBOA at the root surface, one milligram aliquots of freeze dried root exudates
of wild type (WT) and bx1 roots were dissolved in 10 mL of MeOH/H2O 1:1 and vigorously stirred
for 10 s. The solution was centrifuged at 3600 rpm for 5 min. An aliquot of the supernatant was
then transferred to a HPLC vial and used for flow injection analysis.
To quantify the levels of DIMBOA on the surface of crown and primary roots, WT plants were
individually grown in a 200 mL pot (11 cm depth and 4 cm diameter) as described in the section
“Herbivore feeding preference assays”. In order to avoid the complexation of the exuded
DIMBOA and free Fe3+ in soil, plants were fertilized with EDDHA-Fe. Two weeks after
germination, 2 cm root sections (~ 0.628 cm2) of crown and primary roots of individual intact
seedlings were rinsed by 50 μL Milli-Q water (n=12). Then, 50 μL MeOH (0.2% formic acid)
were immediately added to obtain a final solution of H2O/MeOH (50:50 v/v; 0.1% formic acid).
The solutions from 3 crown roots or primary roots of one plant were pooled together to produce
one replicate. DIMBOA was quantified using an Acquity UHPLC system coupled to a G2-XS
QTOF mass spectrometer (MS) equipped with an electrospray source (Waters, USA) as described
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(26). Absolute quantities of DIMBOA were determined using standard curves obtained from
puriﬁed DIMBOA.
To determine the complexation ability of DIMBOA, DIMBOA was mixed with different metal
ions at 2:1 ratios (4 µmol/L DIMBOA: 2 µmol/L metal) in water. The concentration of free
DIMBOA was quantified after incubation (n=3). The following salts were used for this assay:
FeCl3ꞏ6H2O, Al(NO3)ꞏ9H2O, CuSO4ꞏ5H2O, ZnSO4ꞏ7H2O, Ni(NO3)2ꞏ6H2O, MnCl2ꞏ4H2O,
CoCl2ꞏ6H20, CaCl2ꞏ2H2O, MgCl2ꞏ6H2O, MoO3ꞏ2H2O. Residual free DIMBOA was analyzed with
an Acquity UHPLC-MS system equipped with an electrospray source (Waters i-Class UHPLCQDA, USA) as described in the section “Benzoxazinoid quantification”.
Based on total surface estimates of maize root systems (35) and our DIMBOA measurements, we
calculated total DIMBOA levels in the rhizosphere to range from 2.62×10-8 to 3.01×10-7 mol/L.
Total Fe levels in a maize field in Switzerland are about 3.11×10-3 mol/L (Hu et al., in press).
Concentrations of Fe3+ available for complexation by DIMBOA are more challenging to estimate,
as Fe availability depends on various factors, including redox potential, pH and binding of Fe to
organic matter and microbial Fe chelators (36). At pH 7, the total concentration of inorganic Fe
species in the soil solution has been estimated around 10-10 mol/L (37). However, plant growth is
optimal at Fe availability of 10-5 mol/L, and several processes, including acidification at the root
surface and mobilization of weakly bound Fe from soil humic substances, for instance by plant
siderophores, substantially increase the availability of Fe (37). Based on these considerations and
the fact that DIMBOA acts as a strong Fe chelator, we estimate that the available DIMBOA at the
root surface can be fully converted into Fe-DIMBOA complexes in soils with sufficient Fe
availability for optimal plant growth. For most biological experiments, we therefore applied 1.26
× 10-10 mol cm-2 Fe(III)(DIMBOA)3, which is equivalent to 0.08 µg cm-2 (3.79 × 10-10 mol cm-2)
of fully complexed DIMBOA, to the root surfaces of our test plants.
Host acceptance tests
To determine the influence of Fe(III)(DIMBOA)3 on WCR host acceptance, roots from one-month
old rice, two-week old barley, and two-week old maize WT and bx1 plants were detached and
placed individually into petri dishes (90×14 mm, Greiner Bio-one, Austria) onto a moist filter
paper (diameter 90 mm, GE Healthcare, UK). Pure Fe(III)(DIMBOA)3 (1.26 × 10-10 mol cm-2) or
water was applied on the root surface. Five third-instar WCR larvae were introduced into each
petri dish. All petri dishes were covered with lids and aluminum foil. The number of feeding larvae
on each root was recorded at different time points (see description “choice of time points”) after
the release of the larvae (n>16 independent choice setups).
Choice of time points to observe herbivore feeding preference and host acceptance
For all mutant screening experiments, WCR feeding position was recorded 0.5 h, 1.5 h, 3 h and 4
h after the start of the experiments. This time interval was chosen based on previous work in this
system (33). For all subsequent experiments, WCR feeding position was recorded at 0.5 h, 1 h, 3
h, 6 h and 8 h. The observation period was extended for these experiments compared to the mutant
screens, as they involved new types of treatments for which we had no a priori information about
the expected temporal dynamics of WCR choice. Following the observation that the preference for
primary roots supplemented with Fe-DIMBOA increases over time (fig. S12B), we conducted two
additional experiments with different observation timing to better understand this phenomenon.
The first experiment involved more frequent observations of WCR feeding preferences (0.5 h, 1 h,
3 h, 4 h, 5 h, 6 h, 7 h, 8 h, 9 h) (fig. 12C), while the second experiment involved pre-incubation of
primary roots with Fe(III)(DIMBOA)3 for 6 h followed by the observation of WCR feeding at 0.5
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h, 1 h, 2 h, 4 h and 6 h (fig. 12D). For all experiments, the time points for observation were
determined before the start of the experiment, and all observation time points were included in the
data analysis.
QRT-PCR analysis
For quantification of the expression levels of ZmBx12 in B104 and Bx12oe plants, total RNA was
isolated from primary and crown roots using the GeneJET Plant RNA Purification Kit (Thermo
Scientific, USA). Three hundred ng total RNA from each sample was then reverse transcribed with
the SuperScript® II Reverse Transcriptase (Invitrogen, USA). The QRT-PCR assay was
performed on the LightCycler® 96 Instrument (Roche, Switzerland) using the KAPA SYBR FAST
qPCR Master Mix (Kapa Biosystems, USA). The primers of ZmBx12 gene used for QRT-PCR
were described (24), and shown in table S1. A maize actin gene ZmActin (38) was used as an
internal standard to normalize cDNA concentrations. The relative expression levels were
calculated with 2-ΔΔCt method (n=5, fig. S2B).
To analyze the expression levels of DvIRT1 in different sections of WCR larvae, three entire larvae,
or separated guts or bodies from 7 larvae were ground and homogenized (n=3 pools of larvae).
Total RNA was extracted with RNeasy Lipid Tissue Mini Kit (Qiagen, USA). One µg total RNA
from each sample was then reverse transcribed with the SuperScript® II Reverse Transcriptase
(Invitrogen, USA). The QRT-PCR assay was performed as described above. A linear standard
curve, which was constructed using serial dilutions of a speciﬁc cDNA mix and drawn by plotting
the threshold cycle (Ct) against the log10 of the dilution factors, was used to determine the primer
efficiency and relative expression levels of DvIRT1. DvEF1α was used as a reference gene (39).
The primers of DvIRT1 used for QRT-PCR are listed in table S1.
Fe quantification
To quantify Fe in xylem sap, 3 week-old maize plants grown hydroponically were cut below the
first true leaf with a razor blade, and xylem sap was left to exude from the top of the stem. The
first droplet was discarded to avoid contamination and the surface was washed with deionized
water and blotted dry. Then sap was directly collected for 3 h using a micro-pipette and collected
in Eppendorf tubes on ice. The sap from four maize plants was pooled together (n=5 pools), and
45 µL were used Fe measurements with the Iron Assay Kit (MAK025, Sigma, USA) following the
manufacturer’s instructions.
To determine the Fe concentrations in WCR larva, larval gut were removed, and the remaining
bodies of 3-5 third instar WCR larvae were pooled and homogenized (n>4 pools). Total protein of
the larval lysates were extracted with 200 µL lysis buffer (20 mM Tris, 137 mM NaCl, 1% Triton
X-100, 1% glycerol), and quantified with a Bradford assay. Larval proteins were then denatured
using a previously described protocol (40). After denaturation, 50 µL of the supernatant were taken
for Fe measurements using the Iron Assay Kit (MAK025, Sigma, USA) following the
manufacturer’s instructions, with the modification that 25 µL of saturated ammonium acetate were
added and mixed to adjust the pH before measuring absorbance at 593 nm. For all experiments,
absolute quantities of Fe were determined using standard curves made from pure FeCl3 according
to the manufacturer’s instructions.
Benzoxazinoid quantification
For quantification of benzoxazinoids, 60-80 mg plant tissues were flash-frozen, ground, and
extracted in 800 μL of acidiﬁed H2O/MeOH (50:50 v/v; 0.1% formic acid), and analyzed with an
9

Acquity UHPLC-mass spectrometer (MS) system equipped with an electrospray source (Waters iClass UHPLC-QDA, USA; n=6-10). Compounds were separated on an Acquity BEH C18 column
(2.1×100 mm i.d., 1.7 μm particle size). Water (1% acetonitrile + 0.1% formic acid) and
acetonitrile (0.1% formic acid) were employed as mobile phases A and B. The elution proﬁle was:
0-9.65 min, 97-83.6% A in B; 9.65-13 min, 100% B; 13.1-15 min 97% A in B. The mobile phase
ﬂow rate was 0.4 mL/min. The column temperature was maintained at 40°C, and the injection
volume was 5 μL. The MS was operated in negative mode, and data were acquired in scan range
(m/z 150-650) using a cone voltage of 10V. HDMBOA-Glc and DIMBOA-Glc were quantified in
positive mode using single ion monitoring (SIM) at m/z 194 with cone voltage of 20V. All other
MS parameters were left at their default values as suggested by the manufacturer.
To quantify the amount of DIMBOA that accumulated in the rhizosphere of WT maize plants, 20
mL Milli-Q water was added to the pots of hydroponically grown plants. Then, the plants and
paper rolls were removed, and 20 mL MeOH (0.2% formic acid) were immediately added to obtain
a final solution of H2O/MeOH (50:50 v/v; 0.1% formic acid) (n=10-20). The obtained solutions
were concentrated to 200 µL by freeze drying (Swiss Vacuum Technology SA, Switzerland), and
then analyzed as described (26). The absolute quantities of benzoxazinoids were determined using
standard curves obtained from puriﬁed DIMBOA, DIMBOA-Glc, and HDMBOA-Glc as
described (41).
Benzoxazinoid-Fe staining
Cross sections of 14 day-old maize crown roots were manually prepared using a razor blade. Cross
sections as well as intact roots were stained with 1 g FeCl3∙H2O in 10 ml of 95% ethanol and 100
µl of 1.5 M HCl for about 30 seconds at room temperature. After staining, the sections were briefly
washed with water and transferred to the microscope. Overview images of the crown roots were
acquired as a tile scan on an AXIO Zoom V16 (ZEISS, Oberkochen, GERMANY) with a PlanApo
Z 0.5x objective (ZEISS). The hand cut root sections were imaged on an Axiovert 200 (ZEISS)
with a 10x/0.3 Plan NEOFLUAR objective with phase contrast (ZEISS).
Statistical analysis
Differences in levels of gene expression, benzoxazinoids, Fe content, larval growth, plant
chlorophyll and dry weight were analyzed by analysis of variance (ANOVA) followed by pairwise
comparisons of Least Squares Means (LSMeans), which were corrected using the False Discovery
Rate (FDR) method (42). The differences in larval preference were assessed using generalized
linear mixed models (GLMMs) with a poisson distribution followed by analysis of variance (data
S1) and FDR-corrected post hoc tests. We tested for treatment, time and treatment*time
interactions and included replicate and time as random factors. Models were validated by
inspecting residuals and testing for overdispersion. The above analyses were conducted using R
3.2.2 (43) using the packages “lme4”, “car”, “lsmeans” and “RVAideMemoire” (44-47).
Data availability
Sequence data can be found in the GenBank/EMBL database under the following accession
numbers: DvIRT1 (will be inserted before publication), DvEF1α (XM_003705302), ZmActin
(MZEACT1G), ZmBx12 (KC754964).
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Fig. S1. Time courses of feeding preferences of western corn rootworm (WCR) larvae
choosing between benzoxazinoid mutants and wild type plants. WCR feeding preferences for
bx1 (A), bx1/W22 (B), bx2/W22 (C), bx6/W22 (D), Bx12oe (E), bx13 (F) versus their respective
wild type lines at different time points are shown (+SE, n=12-20 choice situations with five larvae
each). Stars in figures indicate signiﬁcant diﬀerences between plant genotypes (*P < 0.05;**P <
0.01; *** P < 0.001). Significance levels of main effects are shown next to figures (n.s. P > 0.1;
*P < 0.05;**P < 0.01; *** P < 0.001). Average choices of the experiments are shown in Fig. 1.
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Fig. S2. DIMBOA is positively associated with crown root feeding preference of the western
corn rootworm (WCR). (A) Preference of WCR larvae for crown or primary roots in bx1,
bx1/W22, bx2/W22, bx6/W22, Bx12oe, bx13 and their respective wild type (WT) lines (bottom;
+SE, n=15-20 choice situations with five larvae each). Stars indicate signiﬁcant diﬀerences
between treatments (*** P < 0.001). For time courses, refer to fig. S3. (B) Benzoxazinoid levels
in the crown and primary roots of bx1, bx1/W22, bx2/W22, bx6/W22, Bx12oe, bx13 or their
respective WT lines (+SE, n=8-10). Inset: Expression levels of ZmBx12 in the roots of B104 and
Bx12oe plants (+SE, n=5). Different letters indicate significant differences between genotypes (P
< 0.05). FW, fresh weight. (C) Correlations between the difference in benzoxazinoid
concentrations between crown and primary roots and the difference in larval preference between
crown and primary roots. Circles denote individual genotypes. R2 and P-values of Pearson
Product-Moment correlations are shown.
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Fig. S3. Time courses of within-plant feeding preferences of western corn rootworm (WCR)
larvae feeding on different maize benzoxazinoid mutants. (A) Preference of WCR larvae for
crown or primary roots when feeding on bx1 (A), bx1/W22 (B), bx2/W22 (C), bx6/W22 (D),
Bx12oe (E), bx13 (F) root systems (right) relative to their respective wild type lines (left; +SE,
n=15-20 choice situations with five larvae each) at different time points. Stars in figures indicate
signiﬁcant diﬀerences between root types (*P < 0.05; **P < 0.01; *** P < 0.001). Significance
levels of main effects are shown next to figures (n.s. P > 0.1; *P < 0.05;**P < 0.01; *** P < 0.001).
Average choices of the experiments are shown in fig. S2.

14

Fig. S4. Western corn rootworm (WCR) feeding preferences elicited by individual
benzoxazinoids. Time courses of western corn rootworm (WCR) preferences on benzoxazinoiddeficient bx1.igl double mutant roots supplied with DIMBOA (A), DIMBOA-Glc (B) or MBOA
(C) relative to bx1.igl double mutant roots supplied with H2O (+SE, n=19-20 choice situations
with five larvae each). Significance levels of main effects are shown next to figures (n.s. P > 0.1).
Average choices of a subset of these experiments are shown in Fig. 2.
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Fig. S5. UV-visible spectra and proposed chemical structures of Fe-DIMBOA complexes. (A)
Characterization and UV-visible spectra of [Fe(III)(DIMBOA)2(MeOH)2]Cl (2) and
Fe(III)(DIMBOA)3 (3) recorded between 350 and 900 nm at 5 × 10-4 mol L-1 methanolic solution.
With iron (Fe)(III), but also with other cations, the number of benzoxazinone ligands coordinated
to the metallic center is a function of the pH. The 1:1 species is usually observed under acidic
conditions whereas the 1:2 and 1:3 complexes are favored at higher pH values (48, 49). The
number of hydroxamate anions bound to the metal, in turn, affects the maximum wavelength and
the molar attenuation coefficient of the typical charge transfer absorption band of the complex: as
the number of ligands increases, a hypsochromic shift is observed together with an increase of the
absorption intensity (50, 51). The same behavior is observed in our case with the 1:2 complex
being major at pH 3-4 and the 1:3 species at pH 8-9. Indeed, the UV-VIS spectra of the two
complexes recorded in methanol, show a 𝜆max of ca. 460 nm (𝜀 = 3700 M-1cm-1) for DIMBOA and
a 𝜆max of ca. 550 nm (𝜀 = 2440 M-1cm-1) for [Fe(III)(DIMBOA)2(MeOH)2]Cl. If the latter 𝜆max
value is slightly higher than expected for the 1:2 type of complex, the earlier matches the reported
data for an Fe(III) coordinated with three hydroxamate ligands (52, 53). Moreover, these results
are consistent with the concentration distribution curve as a function of the pH reported by Farkas
et al. for (2R)-2-β-D-glucopyranosyloxy-4-hydroxy-2H-1,4-benzoxazin-3(4H)-one, the chemical
name of DIBOA-Glc (with pKa(DIMBOA) ≈ pKa(DIBOA-Glc) ≈ 6.9) (50). Infrared spectroscopy was
also performed, but the full interpretation and band assignment of infrared spectra of metalhydroxamate complexes was rendered difficult by the presence of vibrational couplings in the
chelate ring. However, the carbonyl stretching frequency provided a reliable point of analysis on
a purely qualitative basis (54, 55). The two complexes showed a decrease of about 75-80
wavenumbers for the stretching frequencies of the C=O bond when compared with the free ligand
DIMBOA. These bathochromic shifts for the ligand carbonyl stretching mode from 1658 cm-1 to
1583 cm-1 for DIMBOA and to 1577 cm-1 for [Fe(III)(DIMBOA)2(MeOH)2]Cl are characteristic
of the coordination of a hydroxamate ligand to an Fe(III) metallic center (56). (B) DIMBOA (1)
and proposed chemical structures of its two related Fe complexes [Fe(III)(DIMBOA)2(MeOH)2]Cl
(2) and Fe(III)(DIMBOA)3 (3) in MeOH. Note that complex (2) may also be present as
[Fe(III)(DIMBOA)2Cl(MeOH)]MeOH. Both complexes are stable to air but have different
solubility properties. The bis(hydroxamate) (2) is well soluble in water and lower alcohols whereas
the tris(hydroxamate) (3) precipitates in those solvents at the relatively high concentrations used
for their preparations (approx. 10-2 mol L-1). On the other hand, (3) is soluble in moderately polar
solvents such as dichloromethane, acetone, ethyl acetate or diethyl ether. Efforts to take advantage
of their solubility to grow crystals suitable for single crystal structure analysis were unsuccessful.
In the case of (2), although the proposed structure is in agreement with a closely-related example
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(27), it cannot be excluded that the second molecule of MeOH is actually coordinated to the
metallic center, with a chloride as a counter anion.
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Fig. S6. In vitro reaction of free DIMBOA following incubation with different metal salts.
Percentage of free DIMBOA after incubation with metals relative to pure DIMBOA is shown (+SE,
n=3). Mn, Manganese; Mg, Magnesium; Cu, Copper; Ca, Calcium; Co, Cobalt; Zn, Zinc; Ni,
Nickel; Mo, Molybdenum; Al, Aluminum; Fe, iron. The experiment revealed that DIMBOA
preferentially reacts with Fe, followed by Al and Mo, and 80% of the applied DIMBOA
disappeared after incubation with FeCl3, suggesting near-complete conversion to Fe-DIMBOA
complexes.
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Fig. S7. Characteristic Fe-DIMBOA absorbance patterns on the surface of wild type (WT)
and bx1 roots after FeCl3 application. Fe-DIMBOA complexes are visible as dark purple color.
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Fig. S8. DIMBOA accumulation at the maize root surface. Average amounts of DIMBOA on
the root surface of one-week old wild type plants (+SE, n=12). DIMBOA was found to be present
at 0.08 µg cm-2 (3.79 × 10-10 mol cm-2) on crown roots and significantly lower levels on primary
roots. Earlier studies have reported higher levels (8), for instance reported concentrations of 6 µg
g-1 fresh root weight to accumulate around root systems which were incubated in water for 7 h,
which is equivalent to approx. 0.5 µg cm-2 (2.36 × 10-9 mol cm-2) on the crown root surface. Thus,
we consider 0.08 µg cm-2 (3.79 × 10-10 mol cm-2) to be a conservative estimate of DIMBOA levels
at the maize root surface.
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Fig. S9. Western corn rootworm (WCR) feeding preferences elicited by benzoxazinoids and
metal complexes. (A-L) Time courses of WCR preferences on benzoxazinoid-deficient bx1.igl
double mutant roots supplemented with Fe(III)(DIMBOA)2, Fe(III)(DIMBOA)3, Al-DIMBOA,
Fe-EDTA, Fe-DIMBOA-Glc relative to bx1.igl double mutant roots supplied with H2O, FeCl3
DIMBOA or DIMBOA-Glc (+SE, n=19-20 choice situations with five larvae each). Complexes
were synthesized and purified (pure compound) or prepared fresh shortly before the experiment
by incubating benzoxazinoids with FeCl3 at defined pH (mixture). Stars in figures indicate
signiﬁcant diﬀerences between treatments (*P < 0.05; **P < 0.01; *** P < 0.001). Significance
levels of main effects are shown next to figures (n.s. P > 0.1; *P < 0.05;**P < 0.01; *** P < 0.001).
Average choices of a subset of these experiments are shown in Fig. 2.
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Fig. S10. Western corn rootworm (WCR) feeding preference elicited by Fe(III)(DIMBOA)3
at different doses. (A-H) Time courses of western corn rootworm (WCR) feeding preferences on
benzoxazinoid-deficient bx1.igl double mutant roots supplied with different amounts of
Fe(III)(DIMBOA)3 relative to bx1.igl double mutant roots supplied with H2O (+SE, n=15-16
choice situations with five larvae each). Stars in figures indicate signiﬁcant differences between
treatments (*P < 0.05; **P < 0.01; *** P < 0.001). Significance levels of main effects are shown
next to figures (n.s. P > 0.1; *P < 0.05;**P < 0.01; *** P < 0.001).
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Fig. S11. Feeding preference of western corn rootworm (WCR) for Fe(III)(DIMBOA)3 as a
function of larval stage, previous benzoxazinoid exposure and the presence of maize roots.
(A) Feeding preference of first-instar WCR larvae for benzoxazinoid-deficient bx1.igl double
mutant roots supplied with Fe(III)(DIMBOA)3 relative to bx1.igl double mutant roots supplied
with H2O (+SE, n=20 choice situations with five larvae each). (B) Feeding preference of bx1.igl
double mutant-reared (naïve) WCR larvae for bx1.igl double mutant roots supplied with
Fe(III)(DIMBOA)3 relative to bx1.igl double mutant roots supplied with H2O (+SE, n=20 choice
situations with five larvae each). (C) WCR feeding preference on agarose cubes supplied with
Fe(III)(DIMBOA)3 in the absence of maize roots relative to agarose cubes supplied with H2O (+SE,
n=20 choice situations with five larvae each). Stars in figures indicate signiﬁcant diﬀerences
between treatments (*P < 0.05; **P < 0.01). Significance levels of main effects are shown next to
figures (n.s. P > 0.1; *P < 0.05;**P < 0.01; *** P < 0.001). Average choices of a subset of these
experiments are shown in Fig. 2.
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Fig. S12. Influence of Fe(III)(DIMBOA)3 complementation on within- and between-plant
western corn rootworm (WCR) feeding preferences. (A) Time-course of WCR feeding
preferences for Fe(III)(DIMBOA)3 complemented bx1 mutants relative to wild type (WT) plants
(B) Time-course of WCR feeding preferences for Fe(III)(DIMBOA)3 complemented primary roots
relative to crown roots (+SE, n=20 choice situations with five larvae each). (C) High-resolution
time-course of WCR feeding preferences for Fe(III)(DIMBOA)3 complemented primary roots
relative to crown roots (+SE, n=20 choice situations with five larvae each) (D) Time-course of
WCR feeding preferences for Fe(III)(DIMBOA)3 complemented primary roots after 6 h of preincubation (+SE, n=20 choice situations with five larvae each). Feeding preferences of WCR on
24

non-complemented genotypes and root types are included as positive controls (left). Stars in
figures indicate signiﬁcant diﬀerences between treatments (*P < 0.05; **P < 0.01; *** P < 0.001).
Significance levels of main effects are shown next to figures (n.s. P > 0.1; *P < 0.05;**P < 0.01;
*** P < 0.001). Average choices of a subset of these experiments are shown in Fig. 2.

25

Fig. S13 Fe(III)(DIMBOA)3 increases host acceptance of the western corn rootworm (WCR)
on benzoxazinoid-deficient host plants as well as non-host plants. (A and B) Number of WCR
larvae accepting to feed on the roots of control and Fe(III)(DIMBOA)3 supplemented (A) wild
type (WT, A) and (B) bx1 maize mutant plants (+SE, n=12 situations with five larvae each). (C
and D) Feeding preference (C) and host acceptance (D) of WCR on non-host rice roots supplied
with Fe(III)(DIMBOA)3 (+SE, n=20 situations with five larvae each). (E and F) Feeding
preference (E) and host acceptance (F) of WCR on non-host barley roots supplied with
Fe(III)(DIMBOA)3. WT maize roots are included as positive controls (+SE, n=19-20 situations
with five larvae each). Stars in figures indicate signiﬁcant diﬀerences between treatments (*P <
0.05; **P < 0.01). Significance levels of main effects are shown next to figures (n.s. P > 0.1; *P
< 0.05;**P < 0.01; *** P < 0.001).
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Fig. S14. Phenotypic responses of maize plants to different iron (Fe) sources. (A) Amounts of
DIMBOA in the rhizosphere of wild-type (WT, B73) maize plants growing in the presence of FeEDTA (+SE, n=10-20). (B) Chlorophyll contents of leaves of WT and bx1 plants supplied with
different Fe sources (+SE, n=7-8). (C) Chlorophyll contents of leaves of bx1 bx2, bx6 and their
corresponding WT (W22) supplied with different Fe sources (+SE, n=8). (D) Chlorophyll contents
of leaves of bx1 and its WT (B73), bx1/W22, bx2/W22, bx6/W22 and their corresponding WT
(W22) plants grown in potting soil supplied with FeCl3 (+SE, n=8). (E) Chlorophyll contents of
leaves of WT and bx1 plants complemented with DIMBOA (+SE, n=12). (F) Total dry weight of
WT and bx1 plants supplied with different Fe sources (+SE, n=7-8). Stars indicate signiﬁcant
differences between genotypes within treatments (*P < 0.05; *** P < 0.001). Different letters
indicate significant differences between genotypes (P < 0.05).
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Fig. S15. Nucleotide and deduced amino acid sequences as well as predicted domains of
DvIRT1. (A) Schematic representation of DvIRT1 domain composition and organization based on
conserved domain analysis. Numbers indicate the positions of each domain. TM, transmembrane;
Nramp, natural resistance-associated macrophage protein. (B) Nucleotide and the deduced amino
acid sequence of DvIRT1. The positions of the TM are indicated in orange.
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Fig. S16. Feeding preferences of dsGFP- and dsIRT1-fed western corn rootworm (WCR)
larvae. Time courses of feeding preferences of (A) control (dsGFP) and (B) IRT1-silenced
(dsIRT1) WCR larvae on benzoxazinoid-deficient bx1.igl double mutant roots supplied with
Fe(III)(DIMBOA)3 relative to bx1.igl double mutant roots supplied with H2O (+SE, n=19-20
choice situations with five larvae each). Stars in figures indicate signiﬁcant diﬀerences between
treatments (**P < 0.01; ***P < 0.001). Significance levels of main effects are shown next to
figures (n.s. P > 0.1; *P < 0.05;**P < 0.01; *** P < 0.001). Average choices are shown in Fig. 4.
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Fig. S17. Typical chromatograms of UPLC-QTOF runs of pure DIMBOA (left) and a
mixture between Fe(III)(DIMBOA)3 and Fe(III)(DIMBOA)2 (right) using a HSS T3 column
in ESI+. Extracted ion chromatograms including m/z 687.063 Fe(III)(DIMBOA)3, m/z 476.015
Fe(III)(DIMBOA)2, DIMBOA at m/z 212.056 [DIMBOA]+, and total ion chromatograms (bottom)
are shown. We did not detect any new peaks in the total ion chromatograms (TICs) when injecting
Fe(III)(DIMBOA)2 and Fe(III)(DIMBOA)3 at concentrations between 20 and 200 µg*mL-1 in
MeOH compared to DIMBOA only injections. Extracting masses for free DIMBOA at m/z
212.056 [DIMBOA]+, Fe(III)(DIMBOA)3 at m/z 687.063 and Fe(III)(DIMBOA)2 at m/z 476.015
(see fig. S18) revealed one peak at retention time 4.5 min. Injecting free DIMBOA resulted in a
peak with the same mass and fragmentation spectra at the same retention time. These experiments
suggest that we detected traces of unreacted DIMBOA, some of which formed Fe-DIMBOA
complexes within the mass spectrometer. These experiment, together with TLC experiments
showing no mobility of Fe(III)(DIMBOA)2 and Fe(III)(DIMBOA)3, suggest that
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chromatographically supported separation and detection of Fe-DIMBOA complexes could not be
achieved due to their low mobility and potential interaction with various stationary phases.
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SYNTHETIC SAMPLE PIERRE IN MEOH ONLY FRESHLY PREPARED
20170922_INFUSION_DB_DIMBOA_FE_PMBXD215 9 (0.169) Cm (7:54)
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Fig. S18. Infusion TOF-MS of pure Fe-DIMBOA dissolved in 100% MeOH. The molecular
ion of complex C+ with a theoretical mass of m/z 476.0154 and complex [D+Na]+ could be
observed. A closer look at the isotopic distribution of complex C revealed a good abundance match
for the Fe54 isotopic peak at m/z 474.02 (5.7%; theoretical value 5.8%) whereas for the 13C isotope
values were somewhat lower (17% versus theoretical value of 19.8%). Infusion of
[Fe(III)(DIMBOA)3Na]+ in MeOH followed by precursor isolation of [(C24H27N3O15FeNa)]+, m/z
709.0442) and CID (collision energy 18 V) revealed typical fragment ions at m/z 499.0471 (M+ DIMBOA), m/z 288.9992 (M+ - 2 DIMBOA), m/z 216.0645 (M+ - 2 DIMBOA – 73) and m/z
187.0629 (M+ - 2 DIMBOA – 102) confirming the 1:3 metal-ligand nature of the complex.
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root exudate approx.1mg dissolved in 10ml MeOH/water 1:1
20170921_INFUSION_DB_B16 22 (0.389) Cm (5:50)
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Fig. S19. Infusion TOF-MS of root extracts of bx1 (top) and wild type (B73, bottom) plants.
Arrows indicate expected mass position of the 1:2 Fe-ligand complex C+ (m/z 476.04) and 1:3 Feligand complex [D+Na] (m/z 709.06). No mass signals corresponding to Fe-DIMBOA were
detected, likely because of matrix interference and concentrations below the limit of detection for
complex mixtures.
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Table S1. Primers used in this study.
Primer name
IRT1-F
IRT1-R
Bx12-F
Bx12-R
IRT1rnai-F
IRT1rnai-R
GFPrnai-F
GFPrnai-R
Bx12qpcr-F
Bx12qpcr-R
Actin-F
Actin-R
IRT1qpcr-F
IRT1qpcr-R
EF1α-F
EF1α-R

Gene accession No.

KC754964

FM883229
KC754964
MZEACT1G

XM_003705302

Primer sequence (5’-…-3’)

Primer function

GGTACGATACGTGGTGAGGG
TTACGGGTTTACGTTTACTATACTTGG
GACTAGTCATGCAAGAGAGCAGTAGC
GGAATTCCTCAAGGATAGACCTCGATGATGA
GCAGACGTGGCTAAAGGACT
CGGCGTACGTTCCTGTCATA
GTTCATCCATGCCATGTGTAA
GCTTTGCAAGATACCCAGATC
GCCCACCCAAGTAAGCTTCG
AGAGACAGCGATAGGATGGA
CCATGAGGCCACGTACAACT
GGTAAAACCCCCACTGAGGA
TCACCAGAGCCGAATGCAGA
GTAGCGCAGCCATCTTCAGC
ACCAGATTTGATGGCTTTGG
CACCCAGAGGAGCTTCAGAC

DvIRT1 full
length cloning
ZmBx12 full
length cloning
DvIRT1 RNAi
fragment cloning
GFP RNAi
fragment cloning
QRT-PCR of
Zmbx12
QRT-PCR of
ZmActin
QRT-PCR of
DvIRT1
QRT-PCR of
DvEF1α

Data S1. ANOVA tables of WCR preference and acceptance experiments
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