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Supplementary Figure 1 | Biosynthetic pathway of mugineic acid family

phytosiderophores.

NA, nicotianamine; DMA, 2’-deoxymugineic acid; MAmugineic acid; HMA,
3-hydroxymugineic acid; epiHDMA, 3-epihydroxy-2’-obeymugineic acid; epiHMA,
3-epihydroxymugineic acid; SAMS, S-adenosyl-L-mettine synthetase; NAS, NA
synthase; NAAT, NA aminotransferase; DMAS, DMA dymde; IDS2, dioxygenase
catalyzing the hydroxylation of DMA and MA at pasit 3; IDS3, MA synthase (dioxygenase

catalyzing the hydroxylation of DMA and epiHDMAthie 2’ position).
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Supplementary Figure 2 | Construction of the Fer-NAS-NAAT-IDS3 transformation
vector.

Each vector was excised by the enzymes indiaatteor to the side of the arrows, and the
two vectors connected by arrows were ligated. Tlaekbone vectors are shown in
parentheses. SK, pBluescript SK vector (Stratageme,Jolla, CA, USA); Vector &),
marker-free vector for rice transformaticnishizawa et al., 2006\Vector p) originated from
Takahashi et al. (1999Vectors () and @) were generously provided by Dr. F. Takawaiwa
(NIAS, Tsukuba, Japan) and Dr. T. Yoshihara (CR]E&®iko, Japan) Qu et al., 20042009.
Vector ) originated fromKobayashi et al. (2001 Mector {) originated fromHiguchi et al.
(2001) Digestion withPspOMI and Notl produces ends that are identical and that can be

ligated, producing a sequence that can no longdidested by eithéPspOMI or Notl.
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Supplementary Figure 3 | Construction of the Fer transfor mation vector.

Each vector was excised by the enzymes indicatear o the side of the arrows, and the
two vectors connected by arrows were ligated. Tlaekbone vectors are shown in
parentheses. SK, pBluescript SK vector (StratagéaeJolla, CA, U.S.A.); Vectora),
marker-free vector for rice transformati@rishizawa et al., 2006Vectors ) and €¢) are the
same as vectorsd) and f) in Supplementary Figure 2, respectively. Digestion with

PspOMI and Notl produces ends that are identical and that carigag¢ed, producing a

sequence that can no longer be digested by dpedMI or Notl.
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Supplementary Figure 4 | Verification of the constructs by PCR.

(A) Location of the primers used to verify the veaonstructs. Arrows show the direction
of primers.(B) Confirmation of the Fer-NAS-NAAT-IDS3 vector constt. (C) Confirmation
of the Fer vector construct. M, 100-base pair nrarkeFer-NAS-NAAT-IDS3 vector; 2, Fer

vector; MF, pBIMFN marker-free vector used as aatieg control.
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Supplementary Figure 5 | Fe concentration in T, polished seeds.

NT, polished seeds of the non-transgenic line @);=Numbers, T polished seeds of the

Fer-NAS-NAAT-IDS3 lines (n = 1).
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Supplementary Figure 6 | Confirmation of geneinsertion by genomic PCR.

M, 100-base pair marker; NT, non-transgenic liner, Frer line 13-6; 1, 22, and 34,
Fer-NAS-NAAT-IDS3  lines 1-12, 22-4, and 34-11, resiively; PC, the

Fer-NAS-NAAT-IDS3 vector (used as a positive cobhtro
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Supplementary Figure 7 | Feand Zn contentsin T3 seeds.

(A and B) Fe content(C and D) Zn content. Plants were cultivated in calcareouls($0
and C) or commercially supplied sofB and D). Bars represent the means + standard errors
of endosperm or bran metal content from six inddpanplants (n = 6). NT, non-transgenic
seeds; 1-12, 22-4, and 34-1%,SEeds of Fer-NAS-NAAT-IDS3 lines; Fer; Seeds of Fer line
13-6. Different white or black letters above thesbiadicate significant differenceB & 0.05)

in endosperm or bran content by Studetitest for each line.
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Supplementary Figure 8 | Marker-free vector system.

The names of the genes are described in the legekdgure 1. The T-DNA region
between the twhoxP sites, which includesct p-XVE, NOS p-HPT, andOLexA-Cre-int, can
be removed by I¥estradiol treatmentZ(o et al., 200;LNishizawa et al., 2006 Transgenic
rice in which this construct was introduced constiely expressed the estradiol
receptor-based transcription factor XVE under thetrab of the OsActinl promoter. Upon
estradiol treatment, activated XVE binds to f@kexA promoter region and induces the
expression of Cre recombinase, which excises thtovat the twdoxP regions to form a
loop. As a result, the T-DNA region between the tvagP sites, which includes the selection

marker genéiPT, is removed (Cre/loxP systemio et al., 200)L
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Supplementary Figure 9 | Quantitative real-time RT-PCR analysis of SoyferH2 in Fe

deficient leaves.

T, plants were cultivated for 13 days in nutrientusiolh without Fe SoyferH2 expression in
leaves was analyzed by quantitative real-time RRR@alysis. Bars represent the means +
standard errors of three independent plants fdn #ae. Expression in NT might be attributed
to OsFerritin. NT, non-transgenic line; 1-12, 22-4, and 34-11r-WAS-NAAT-IDS3 lines;
Fer, Fer line 13-6. Different letters above theshadicate significant difference® & 0.05)

by Student ¢-test for each line.



