
Supplementary Fig. S1  Gene3c structure of the MAGIC  popula3on. 
This figure was adapted from Ogawa et al. (2018a) with modifica=ons. The development of the MAGIC 
popula=on was ini=ated in 2010, and the F10 genera=on was obtained in 2021. Four two-way hybrids 
(AB, CD, EF, and GH) were generated, followed by two four-way hybrids (ABCD and EFGH) and two 
eight-way hybrids (ABCDEFGH). 

✕ ✕ ✕ ✕

✕ ✕

✕

......

......

A B C D E F G H

AB CD EF GH

ABCD EFGH

ABCDEFGH1
Selfing through SSD

Selfing through SSD

2-way F1

4-way F1

8-way F1

8-way F10
(MAGIC)

8 parents

8-way F2

ABCDEFGH2

✕ ✕ ✕ ✕

✕ ✕

✕

......

......

A B C D E F G H

AB CD EF GH

ABCD EFGH

ABCDEFGH1
Selfing through SSD

Selfing through SSD

2-way F1

4-way F1

8-way F1

8-way Fn
(MAGIC)

8 parents

8-way F2

(Fully inbred)

ABCDEFGH2

✕ ✕ ✕ ✕

✕ ✕

✕

......

......

A B C D E F G H

AB CD EF GH

ABCD EFGH

ABCDEFGH1
Selfing through SSD

Selfing through SSD

2-way F1

4-way F1

8-way F1

8-way Fn
(MAGIC)

8 parents

8-way F2

(Fully inbred)

ABCDEFGH2

Hokuriku193
Strong culm

Mizuhochikara
High maturity

Suwon258
Grain yield

Akidawara
Eating quality

Takanari
Photosynthesis

Bekogonomi
Initial growth

Ruriaoba
High ratooning

Tachiaoba
Root volume

HO MI SU AK TK BE RU TC



Supplementary Fig. S2 Comparison of the 13 elemental concentrations in grain of the MAGIC 
population between 2019 and 2021.
In both panels, each point represents one MAGIC line, and the solid line denotes the linear regression 
fit. (A) Bivariate plot of composite elemental profiles between two years. Axes represent Z-scores 
derived from factor analysis of multi-element data. Each of the 12 elements is displayed as one point, 
illustrating the overall coordination of the element contents across the years. (B) Scatterplots of 
elemental concentrations for each of the 12 analyzed elements. Axes show actual concentrations 
(mg/kg DW) in 2019 and 2021. 
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Supplementary Fig. S2 (continued)
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Supplementary Fig. S3 Frequency distributions of the 13 elemental concentrations in grain and 
straw of MAGIC population.  
The horizontal axis represents the element concentration, and the vertical axis indicates the 
number of individuals. The arrows in different colors with various codes represent the values of 
the eight founder lines.
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Supplementary Fig. S3 Frequency distributions of the 13 elemental concentrations in grain and 
straw of MAGIC population.  
The horizontal axis represents the element concentration, and the vertical axis indicates the 
number of individuals. The arrows in different colors with various codes represent the values of 
the eight founder lines.
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Supplementary Fig. S3 (continued) 
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Supplementary Fig. S3 (continued) 
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Supplementary Fig. S3 (continued) 
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Supplementary Fig. S4 Correla3on coefficient matrix between the 13 elements of grain and days to
heading in the MAGIC popula3on in 2019.
Matrix heat maps were created based on data from the MAGIC grain in 2019. According to the Pearson 
coefficient (r), red indicates a posi=ve correla=on, while green indicates a nega=ve correla=on. The 
intensity of the color reflects the strength of the correla=on. The boYom-leZ and top-right sec=ons of 
the matrix display the correla=on coefficients and significance levels (****: 0.0001, ***: 0.001, **: 
0.01, and *: 0.05, respec=vely).

**** **** **** *** **** * * **** **** ****

-0.38 **** **** * *** **** **** **** *** ** ***

-0.30 0.86 **** * **** **** **** * ** **

-0.09 0.49 0.68 * **** ***

0.07 0.04 0.09 0.13 ****

0.03 -0.16 -0.18 -0.05 -0.05

0.58 -0.28 -0.13 0.13 0.53 0.01 ** **** **** * ****

-0.29 0.46 0.46 0.19 0.10 -0.01 -0.24 **** **** ** **** **

0.68 -0.12 -0.06 0.04 0.08 0.13 0.42 0.01 **** **** ****

0.18 0.38 0.44 0.34 -0.04 0.00 0.02 0.40 0.55 **** **

-0.18 0.50 0.51 0.26 0.12 -0.13 -0.04 0.52 0.12 0.44 *

-0.74 0.29 0.19 -0.03 -0.01 -0.10 -0.47 0.22 -0.44 -0.08 0.12 **** ****

-0.34 0.23 0.23 0.07 0.01 -0.10 -0.18 0.34 -0.12 0.14 0.19 0.56 ****

0.81 -0.29 -0.20 -0.02 0.14 -0.03 0.55 -0.21 0.62 0.23 -0.05 -0.66 -0.35

Hea
ding date Mg P K Ca Cr

Mn Fe Ni
Cu Zn As Mo Cd

Heading date

Mg

P

K

Ca

Cr

Mn

Fe

Ni

Cu

Zn

As

Mo

Cd

        Pearson

-1

-0.5

0

0.5

1Days to heading

Day
s t

o hea
ding



Supplementary Fig. S5 Manhattan plots for the elements and parts (straw/grain) combination 
showing no significant QTLs. 
Chromosome names are shown on the horizontal axis, while the p-values (-log10(P)) are shown on the 
vertical axis.
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