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Arabidopsis thaliana
borl-1 mutant

High B supply




Model; B transport in Arabidopsis root
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Grain yields (g/plants)

Grain yield
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“Capsule”: Uptake and distribution of '3 Cs in polished rice and rice bran was similar to that of *3>Cs, but different than
uptake by K.




Fig. 1. Sampling sites for rice plant samples. IES, Experimental field
(40°57°46" N, 141°21'54" E); 97-1, Kuroishi (40°38'42" N, 140°35'04"
E); 97-10, Rokkasho (40°50'50” N, 141°19'15” E).



Table 1
Concentrations of '*’Cs, '*Cs and K in the surface paddy soil

Sampling site*  '*'Cs (Bq kg=') 'Cs (imgkg~!') K (mgkg!)

IES 4.4+40.4° 3.4 7900
97-1 14+0.8 24 5900
97-10 2.5+0.2 2.6 6800

2 1ES, Experimental field; 97-1, Kuroishi; 97-10, Rokkasho.
® The errors indicate one standard deviation of counting statistics.
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Table 1 Concentrations of *’Sr and "*’Cs in soil and rice plant components

Sample %0, 137~
Bq kg™ Bq kg™

Soil 5.6° + 0.05" 4.4 + 04

Rice plant component
Polished rice 0.012 + 0.0004 0.0048 + 0.0011
Rice bran 0.35 + 0.005 0.041 + 0.013
Hull 0.28 + 0.006 0.021 + 0.002
Straw 1.2 + 0.01 0.022 + 0.009
Root 0.99° + 0.02 0.010° £ 0.003

? Extraction with 12M HCI after dry-ashing at 450°C.

b . )
One sigma counting error.

¢ Estimated value.
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Table 2 Transfer factors and removal percentages of *’Sr and "*’Cs for rice plant components

Sample Transfer factor Removal percentage”

90 137 90 137
Sr Cs Sr Cs

%

Rice plant component

Polished rice 0.0021 0.0011 0.00059 0.00031
Rice bran 0.062 0.0094 0.0019 0.00029
Hull 0.051 0.0049 0.0035 0.00033
Straw 0.21 0.0050 0.088 0.0021
Aboveground part 0.12 0.0038 0.094 0.0030

* The percentage of *°Sr and " 'Cs removed from the upper soil layer to the plants.
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Rb K

Mineral concentrations of the brown rice in the low—[Cs lines.

sample name line name Fe nmol/g DW Co nmol/g DW Ni nmol/g DW| Rb nmol/g DWSr nmol/g DW Mo nmol/g DW Cd nmol/g DW Cs pmol/g DWBa nmol/g DW Na nmol/g DW Mg umol/g DW K umol/g DW | Mn umol/g DV Cu nmol/g DW Zn nmol/g DW

M387 \REE 101.19 0.03 19.82 5.38 2.70 415 0.32 0.16 0.40 764.15 44.0 64.30 0.60 40.08 349.19
M391 B1E 155.86 0.08 22.28 7.32 2.22 8.84 0.63 0.30 1.83 749.23 60.62 82.94 0.61 60.55 412.67
M400 £ 116.53 0.07 30.04 7.08 212 5.98 0.89 0.47 0.88 819.38 52.24 69.15 0.85 44.32 337.10
M392 a8 108.17 0.03 22.31 7.99 1.86 9.39 0.52 0.59 1.1 960.29 59.1 83.32 0.52 70.20 525.70
M111 WRC44 25.86 0.08 21.87 6.56 3.70 4.84 1.17 0.61 2.29 1327.36 61.8 90.26 0.90 43.35 565.61
M375 Bot 138.77 0.05 17.18 7.68 1.83 7.15 0.97 0.64 1.69 821.67 54.34 62.61 0.49 43.03 351.68
M386 RE 91.31 0.04 22.80 6.81 1.89 4.83 0.72 0.64 0.87 758.58 431 69.94 0.48 41.17 276.52
M416 [B 88.25 0.10 22.95 7.00 2.56 8.40 0.88 0.65 1.04 709.79 49.2 74.89 0.95 46.81 383.57
M113 WRC45 134.72 0.07 30.34 6.58 4.90 14.54 0.83 0.67 2.66 1265.14 64.8 86.72 1.35 62.11 563.01
M374 FiErs 91.60 0.08 20.57 7.96 3.63 7.07 0.72 0.73 1.73 855.85 51.1 83.12 1.03 48.90 394.17

Mineral concentrations of the brown rice in the high1Cs lines.

sample name line name Fe nmol/g DW Co nmol/g DW Ni nmol/g DW| Rb nmol/g D\ Sr nmol/g DW Mo nmol/g DW Cd nmol/g DW Cs pmol/g DWBa nmol/g DW Na nmol/g DW Mg umol/g DW K umol/g DW | Mn umol/g DV Cu nmol/g DW Zn nmol/g DW

M85 WRC16 161.40 0.14 41.56 14.98 3.03 8.51 3.16 7.44 1.41 659.06 50.9 50.89 0.71 51.70 432.03
M45 HNA4 116.25 0.05 35.42 14.07 471 7.56 1.06 7.59 1.24 1240.72 67.52 92.68 1.01 67.35 605.31
M44 HNA3 153.41 0.06 43.66 11.90 2.45 7.7 0.32 8.48 1.11 978.13 714 90.87 0.62 45.83 627.19
M126 WRC99 95.16 0.10 35.17 15.90 3.05 7.28 2.95 9.04 1.53 794.94 52.8¢ 73.16 0.76 56.03 445.08
M131 & 182.94 0.10 28.33 13.94 4.46 6.44 1.77 9.10 2.37 770.85 52.16 70.42 0.70 60.05 371.81
M91 WRC23 5.38 0.27 48.34 17.11 5.73 4.58 1.41 9.14 0.58 1511.97 54.39 107.43 1.20 51.10 648.59
M88 WRC19 91.05 0.19 38.47 18.91 6.60 3.65 0.70 9.23 2.78 839.63 44.5 62.57 0.58 27.11 473.51
M24 LK9 116.32 0.08 12.63 42.56 2.03 7.12 0.41 12.76 1.90 749.82 58.2 67.69 0.51 58.83 345.36
M211 WRC15 98.98 0.08 53.62 22.31 3.03 7.70 2.94 19.10 2.87 655.84 47.9 51.60 0.73 48.12 370.01
M26 HK1 221.70 0.15 65.66 10.53 3.98 4.24 1.00 20.55 3.80 1079.15 54.8 81.78 0.71 75.70 369.10
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Low-cesium rice: mutationin
OsS0OS2 reduces radiocesium in rice
grains

Satoru Ishikawa’, Shimpei Hayashi'?, Tadashi Abe’, Masato Igura’, Masato Kuramata?,
Hachidai Tanikawa', Manaka lino?, Takashi Saito®, Yuji Ono®, Tetsuya Ishikawa’, Shigeto
Fujimura®, Akitoshi Goto® & Hiroki Takagi’:®

In Japan, radiocesium contamination in foods has become of great concern and it is a primary issue

. toreduce grain radiocesium concentration in rice (Oryza sativa L.). Here, we report a low-cesium rice

mutant 1 (lcs1) with the radiocesium concentration in grain about half that in the wild-type cultivar.
Genetic analyses revealed that a mutation in 0s5052, which encodes a serine/threonine-protein

kinase required for the salt overly sensitive (SOS) pathway in plants, is responsible for the decreased
cesium (Cs) concentrations in [cs1. Physiological analyses showed that Cs* uptake by lcs1 roots was
significantly decreased under low-potassium (K*) conditions in the presence of sodium (Na*) (low K*/
Na*).The transcript levels of several K* and Na™ transporter genes, such as OsHAK1, OsHAK5, OsAKT]1,
and OsHKT2;1 were significantly down-regulated in [cs1 grown at low K¥/Na*.The decreased Cs* uptake
in lcs1 might be closely related to the lower expression of these genes due to the K*/Na* imbalance in

. the lcs1roots caused by the 0sSOS2 mutation. Since the lcs1 plant had no significant negative effects

on agronomic traits when grown in radiocesium-contaminated paddy fields, this mutant could be used
directly in agriculture for reducing radiocesium in rice grains.
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Cesium Uptake by Rice Roots Largely Depends Upon a Single
Gene, HAK1, Which Encodes a Potassium Transporter
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Fig. 1 Phenotype of Ics mutants and autoradiography image of "*’Cs. (a) Cs concentration in the grain of rice plants grown in 2015. (b) Grain
yield as brown rice. (¢, d) Cs (c) and K (d) concentrations in shoots of rice plants at seed maturing stage. Data are means +5D (a,n=5,b,n=10 ¢,
d, n = 3). Asterisks indicate a significant difference (Tukey’s test). (e, f) Morphologies of the low Cs uptake mutant Ics-3 (e) and the wild type (f).
(2) Image of radiocesium (*’Cs) uptake by seedlings at 18 h after transplantation in x 0.5 K* hydroponic solution containing 10 p.p.b. Cs and
100 kBq I™" "¥Cs.
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Fig. 2 Gene structure of OsHAK1 and complementation of OsHAK]1. (a) Location of point mutations in the OsHAK1 sequence in low Cs uptake
mutant lines. Ics-1 and -3 have the same point mutation (glycine to aspartate substitution in exon VIII of OsHAKT). (b) Model of OsHAK1 protein
in lcs-3. The carboxyl side chain of the replaced aspartate protrudes into the cytoplasm, but the protein structure is unchanged. Ics-2 has a point
mutation (tryptophan to Stop change in exon Il of OsHAK1). (c) OsHAKT complementation of Ics-3. The OsHAK1 sequence from the BAC clone
with its native promoter was used to complement lcs-3. Concentrations of Cs in roots were determined after 24 h in hydroponic solutions
containing 10 p.p.b. Cs*. Data are means + SD (n = 6). Different letters indicate significant differences, P < 0.001 (Tukey's test).



(a)
5 ¥0.25K'0.138mM
g‘ —=WT  =—=lrs2 =——Ics-3
i,
E
E ELE ]
;
< J
=
0 . i i 5 4
0 1 2 da\rsa 4 5
(c)
3r X 3K LE65SmM
3
i e WT -2 53
T
&
3 2
2
5
=
a
9
3
a
-]
&
0o L S———
0 1 1 3 4 5
0ays

s

Roct Cs concentration (ugl's Feih weight)

w

~N

[

Q

—=WT (052 ===|t5-3

(e)
X 1K 0.55mM 300 Vit

DsHAKL

(d),

Cs' uptake rate (pg / g fresh welght)

1.5

4

Root calls

1000

K* concentration ia hydoponic solution (M)

1500
Aot cells

®G?®®@

Oryza sativa (Wild Type)

®

©
W

| which compeniate the kak
| of € uptaie by OsHAK]
(rcleding chasnels)

@@@ @@@@

Oryzo sativa (oshok 1)

ReTInE K Uansporiens
whick componsate the lack
of L uptake by OsHAK]
{ncheling chamnedk)

Fig. 3 Cesium uptake of oshak1 in different K conditions and proposed models of Cs* and K* transport in rice. (a—c) Change in Cs concentration
in roots during 5d after transplantation into hydroponic solutions containing 10p.p.b. Cs, but different K concentrations [ x0.25K™* (a), x 1K*
(b), x3K™ (c)]. Data are means =+ SE (n = 3). In (c), when lcs mutants were compared with the WT (Dunnett’s test), significant differences were

detected after 2d P < 0.001; 3d in les-2, P < 0.01 and lcs-3, P < 0.001, and 5d P < 0.01. (d) Cs* uptake rates in oshak1 mutants growing in media

with different K* concentrations. The uptake rate of Cs was calculated as follows: total Cs uptake = fresh weight of roots (ug g™' d™'). Data are
means = SE (n=4). When lcs mutants were compared with the WT (Dunnett’s test), there were significant differences at all external K*
concentrations (P < 0.001). (e, f) Proposed model of Cs uptake in the WT (e) and oshak1 (f). Cs* is transported into root cells mainly through
OsHAK1. In oshak1 roots, K uptake is compensated by other K* transporters, which transport much less Cs* than does OsHAK1.
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Fig. 4 'Y Cs uptake of Ics mutants in the '*’Cs-contaminated paddy field. (a, b) "¥Cs concentration in brown rice grains (a) and shoots (b) of rice
plants grown in a "*’Cs-contaminated field (approximately 3,500 Bq kg™ soil). (c) Grain yield as brown rice. Ics mutants compared with the WT
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£1 BERIBTHLEEHICRIES (EH) ~O7+—AT 0 FC-137HITREOH

£ # T E +OMEHEERM 2 EMBS() HHN SIAXE

B 0.0016 000021 - 0012 n=20 Tsukadais, 2002b
B3 0.0030° n=15 B, 1994

¥ 0.0033 n=12 Uchidais, 2007

- 374 0.049 n=8 Kamei-Ishikawa’, 2008
Ay 0026 00021 - 033 0072 n=8 Tsukadab, 2002¢
538 0.029 n=8 Kamei-Ishikawa’s, 2008
43 0030 00050 - 0.8 020 n=26 Tsukadab, 1999
13 0020 n=1 Kamei-Ishikawa, 2008
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