Establishment of a non-transgenic iron-biofortified rice line

using a novel HRZ1 mutation
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Preparing heavy metal contaminated soil

2 weeks of irrigated cultivation

Commercially available soil mix (Bonsol
No.1, Sumitomo Kagaku Kougyo, Japan )

+10 mg kg soil! Ni (as NiCl,)
+1 mg kg soil'' Cd (as CdSO,)
+1 mg kg soil"' Co (as CoCl,)
+1 mg kg soil"' Pb (as PbCl,)
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Transplanting germinated
seeds into the soil
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Figure S1. The tetsu mutant did not accumulate higher levels of toxic heavy metals in shoots compared

with the wild type (WT)

(a) Schematic diagram of rice cultivation in heavy metal-contaminated soil.

(b) Dry weight of shoots and roots.

(c—g) Concentrations of Fe, Ni, Cd, Co, and Pb in shoots and roots of T65 and the tetsu mutant.

Seeds were sown immediately after germination into heavy metal-contaminated soil and grown for 14 d in a
growth chamber at a light intensity of 250 pmol photons m~2 s™" under a 14 h light (28 ° C)/10 h dark (24 ° C)
photoperiod. Each column represents the mean = SE (n = 4). Significant differences between T65 and tetsu
were determined by Student’s t-test (* p < 0.05, ** p < 0.01, n =4).
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Figure S2. Alkalinization of cultivated soil by lime application and its effect on soluble Fe concentration
(a) Effect of calcium hydroxide concentration on the pH of the cultivated soil used in this study.

(b) Effect of calcium hydroxide concentration on the soluble Fe concentration in the cultivated soil used in this
study (n = 3).
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Figure S3. Yield survey of WT and the tetsu mutant grown in soil containing 1.0% Ca(OH),
The soil pH was adjusted to 8.0 by adding 1% calcium hydroxide to control soil with an initial pH of 5.0.
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Other cultivation conditions were identical to those described in Fig. 3.

Data represent the mean = SE (n = 3-6).
Means with the same letter are not significantly different at p < 0.05 according to Tukey—Kramer’s multiple

comparison test.

tetsu
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Figure S4. GRAS-Di markers cover the entire rice genome
Dot plots showing the relationship between marker number and genetic map position for each chromosome,
indicating that the markers are widely distributed across the rice genome.
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Figure S5. Two GRAS-Di markers identified a candidate region on chromosome 1 responsible for Fe
hyperaccumulation in the tetsu mutant

To identify the causal loci for high Fe accumulation in the tetsu(hrz1) genome, the A (C1 amplicon index) for F,
population with normal and high Fe levels was calculated according to the following formulas:

(1) Log{(1 — ‘abundance ratio of the C1 marker in the F, population with normal Fe’) + 0.001}

(2) Log{(1 — ‘abundance ratio of the C1 marker in the F, population with high Fe’) + 0.001}

(3) A (C1 amplicon index) = (2) — (1)

In formula (1), the “abundance ratio of the C1 marker in the F, population with normal Fe” represents the ratio of
F, individuals with normal Fe that were positive for the C1 marker to the total of 50 F, plants with normal Fe.
Similarly, in formula (2), the “abundance ratio of the C1 marker in the F, population with high Fe” represents the
ratio of F, individuals with high Fe that were positive for the C1 marker to the total of 54 F, plants with high Fe.
In formula (3), the A (C1 amplicon index) thus highlights the frequency of the C1 marker (dominant marker for
tetsu) in the F, population with high Fe, with values ranging from a maximum of 3 to a minimum of 0.

The same calculation was performed for the C2 marker according to the following formulas:
(4) Log{(1 - ‘abundance ratio of the C2 marker in the F, population with normal Fe’) + 0.001}
(5) Log{(1 — ‘abundance ratio of the C2 marker in the F, population with high Fe’) + 0.001}
(6) A (C2 amplicon index) = (5) — (4)

(a) Individual amplicon indexes calculated using formulas (1) and (2).

(b) Individual amplicon indexes calculated using formulas (4) and (5).

The amplicon index for each F, population with high Fe content (red line) and normal Fe content (light blue line)
is shown.

(c) A (amplicon index) based on the C1 marker.

(d) A (amplicon index) based on the C2 marker.

The A (C1 amplicon index) and A (C2 amplicon index) were combined into a single graph, as shown in Fig. 4d,
where each marker was rearranged according to its chromosomal position.



10 20 30 40/ 50 &0 70| 80 90 100 110

a Foward :P/ One intended mismatch in forward primer (A>G)
ICTATTGATGGTCAGGTTGAAAGGCATCCCATAGATGAGATTCTGI|C)

CTATTGATGGTCAGGTTGAAAGGCATCCCATAGATGAGATTCTG H TGGCACAATGCTATCCGTAAAGAGTTAATTGATATAGCAGAGGAGACAAGAAGGATGCAGCAA
y } + t T } + } } t }

GATAACTACCAGTCCAACTTTCCGTAGGGTATCTACTCTAAGACATAACCGTGTTACGATAGGCATTTCTCAATTAACTATATCGTCTCCTCTGTTCTTCCTACGTCGTT
WT dCAPS products 309 bp
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WT dCAPS products 309 bp

Reverse

TGGAAAGAGAATCACATAAGTCCAA]

b Forward primer: CTATTGATGGTCAGGTTGAAAGGCATCCCATAGATGAGATTC ATTG (49 bp)

Reverse primer: AACCTGAATACACTAAGAGAAAGGT (25 bp) Intended mismatch
WT tetsu(hrz1)
48 bp

Emerging Hincll site
PCR product amm -q@TTGgCAC e s -#@TT GACAC==ms s nns

PCR mix solution PCR conditions
. 94°C 2 min
EmeraldAmp® PCR Master Mix (TaKaRa) 20 pL v
10 yM Forward primer 0.8 uL 98C 10 sec
10 yM Reverse primer 0.8 uL |$ 60C 30 sec 35 cycles |$
gDNA 0.8 uL 72C 30 sec
Water up to 40 pL .
4C
Clean-up of PCR mix soln. Digestion by Hincll Electrophoresis
Hincll (TaKaRa) 1 pL

NucleoSpin® Gel and $ 10 x M buffer 2 L 37°C .

PCR Clean-up PCRproduct  ~1 ug 2 hours 2% Agarose gel

(TaKaRa) Water up to 20 pL

Figure S6. dCAPS analysis procedure for detecting the tetsu mutation in the HRZ1 gene

(a) Sequence information of the forward and reverse primers (sequences in boxes indicated by arrows), and
PCR products of the HRZ1 gene from WT rice (magenta) and the fetsu mutant (green), displayed using
SnapGene software (www.snapgene.com).

(b) Schematic representation of the site where the Hincll restriction enzyme cleaves the PCR product.

(c) Details of the dCAPS experiment used to detect the tetsu(hrz1) mutation. PCR was performed using the
EmeraldAmp® PCR Master Mix (RR300A, TaKaRa Bio Inc., Japan) on a thermal cycler (TP600TF, TaKaRa Bio
Inc.) under the conditions described above. The resulting PCR products were purified using the NucleoSpin® Gel
and PCR Clean-up kit (#740609.50, MACHEREY-NAGEL GmbH & Co.). Restriction digestion was performed in
a reaction mixture containing Hincll (1059A, TaKaRa Bio Inc., Shiga, Japan) at 37 ° C for 2 h according to the
manufacturer’s instructions. The digested products were electrophoresed on a 2% agarose gel, and the DNA
bands were visualized by staining with DNA GelStain (RGS-50, RelyOn Ltd., Tokyo, Japan).
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Table S1. List of mutations within the candidate locus on chromosome 1 in the tetsu mutant

Chr.No |Position WT tetsul |Gene names with mutations
Chr.01 | 24249842 C T 44 bp upstream of 0s01g0612100 30S ribosomal protein S11, chloroplastic
Chr.01 | 24469050 C T No corresponding transcripts.
Chr.01 | 24487891 C T No corresponding transcripts.
Chr.01 | 24513239 C T No corresponding transcripts.
Chr.01 | 24513830 C T No corresponding transcripts.
Chr.01 | 24644694 C T No corresponding transcripts.
Chr.01 | 24715369 C T No corresponding transcripts.
Chr.01 | 24724477 Cc T No corresponding transcripts.
Chr.01 | 25316278 C T No corresponding transcripts.
Chr.01 | 25446043 C T No corresponding transcripts.
Chr.01 | 25578652 T C No corresponding transcripts.
Chr.01 | 25694011 C T No corresponding transcripts.
Chr.01 | 26022573 G A Transposon protein, putative, unclassified, expressed
Chr.01 | 26040405 G A No corresponding transcripts.
Chr.01 | 26061890 G A 3'-UTR of 0s01g0646700 (Similar to 0SIGBa0105P02.4 protein)
Chr.01 | 26184578 G A No corresponding transcripts.
Chr.01 | 26527152 G A 5'-UTR of Os01g0654200 Peptidase M50 domain containing protein.
Chr.01 | 26572245 G A Transposon protein, putative, unclassified, expressed
Chr.01 | 26894493 G A 1st Intron of 0s01g0660300 Similar to Pyruvate kinase.
Chr.01 | 27141209 G A 0s01g0664300 Predicted gene
Missense mutation (Gly556>Asp556) in 7th Exon of 0s01g0666800
Chr.01 | 27262402 G A o ) )
Similar to predicted protein.
Chr.01 | 27273498 G A 1st Intron of 0s01g0667100 Similar to 60S ribosomal protein L18A.
Chr.01 | 27547056 C T No corresponding transcripts.
Chr.01 | 27642015 C T No corresponding transcripts.
Chr.01 | 27690308 C T No corresponding transcripts.
Chr.01 | 28428531 C T No corresponding transcripts.
Chr.01 | 28433699 C T No corresponding transcripts.
Nonsense mutation (Trp301>Stop codon) in 0s01g0689451 OsHRZ1
Chr.01 | 28455973 C T (Iron-binding haemerythrin RING ubiquitin ligase, Iron-binding sensor,
Regulation of iron acquisition)
Chr.01 | 28808021 C T No corresponding transcripts.
Chr.01 | 28808494 C T No corresponding transcripts.
Missense mutation (Ser196>11€196) in 0s01g0698900 Similar to nascent
Chr.01 | 28915254 G A ) ) o )
polypeptide-associated complex alpha subunit-like protein.
Chr.01 | 29269967 T C No corresponding transcripts.
Chr.01 | 29468302 C T No corresponding transcripts.
Chr.01 | 29557909 C T No corresponding transcripts.
Chr.01 | 29684440 C T 0s01g0714250 Predicted gene
5-UTR of 0s01t0716800-01 Endonuclease/exonuclease/phosphatase
Chr.01 | 29830275 Cc T ) o . o )
domain containing protein. phosphatidylinositol dephosphorylation
Chr.01 | 29957878 C T No corresponding transcripts.
Chr.01 | 29958349 C T No corresponding transcripts.
3rd intron of Os01t0719300-01 Sulfate transporter protein, Resistance to
Chr.01 | 29991012 C T . ) e
rice blast and bacterial leaf streak; Susceptibility gene
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