2023 4EJE ST Rk R RS
[R3-2]

JTFILEA LA A= LHBBLRILTORESRTE
fAE#H5E L - HEY T R ENRE AR AT

Research of Plant Mineral Behavior
Complemented by Real-time Imaging and Sub-cellular Localization Analysis

1. RARMEDICHE T 2 ERERTHER B DA

1. Identification of Multi-element Accumulation Mechanisms in Legume

wNAEAAB KH B3N, BFHHEO, $aHMEAR O, FKAR O,
ILEEE O, [IWHEFMA O, U O, AHRIT O, FefllEtd O, AR O
Jun Furukawa #*B), Hinako Ohta®, Yusaku Noda ©, Nobuo Suzui ©, Yong-Gen Yin ©,
Masashi Koka ©, Naoto Yamada ©, Ryohei Yamagata ©, Yasuyuki Ishii ©, Takahiro Satoh ©, Naoki Kawachi ©
A) Life and Environmental Sciences, University of Tsukuba
B) Center for Research in Radiation, Isotopes, and Earth System Sciences, University of Tsukuba
© Takasaki Advanced Radiation Research Institute,
National Institutes for Quantum Science and Technology

Abstract

In the comparison of two cultivars of Lotus japonicus, MG-20 and B-129, sodium, manganese, nickel, copper, and zinc
were highly accumulated both in shoot and root in B-129, however, it was also suggested that B-129 had low activity of
iron (Fe) translocation from root to shoot. The results of gene expression analysis revealed that, in Fe uptake related genes
(IRT, FRO) and cytosolic Fe transport related gene (NAS), the expression levels were 3-fold higher in B-129 root
comparing MG-20. On the other hand, in FRD3, related to root to shoot Fe translocation, expression level was suppressed
by half in B-129. This expression pattern was consistent with Fe accumulation within the vascular tissue in the root of B-
129 obtained by Micro-PIXE analysis. This B-129 specific Fe accumulation was not observed after 5 days low Fe treatment,
suggesting accumulated Fe was slowly translocated under low Fe supply condition from the nutrient solution. Recently,
Fe deficiency-related small peptide, IMAs, were identified and its transfer from shoot to root might be involved in the
signal transduction in Fe homeostasis. By the comparison of gene expression levels of LjIMAI, LjIMA2 and LjIMA3 in
root, there were no significant difference between two cultivars. These results suggested the shoot IMA expression might
be highly related Fe homeostasis regulation in L. japonicus.
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Figure 1. Iron localization images in B-129 root obtained
by Micro-PIXE analysis. Red circles show root area and
bars indicate 200 um. 4-week-old plant samples were
treated with low Fe conditions for 0 or 5 days.
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Figure 2. IMAs expression in MG-20 and B-129 root
obtained by RT-qPCR. The expression levels of LjIMAI,
LjIMA?2 and LjIMA3 were normalized by ACT7 and IRTI
expressions in MG-20.
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Abstract

Vigna marina (Barm.) Merr. is adapted to tropical marine beaches and has an outstanding tolerance to salt stress. Given
there are growing demands for cultivating crops in saline soil or with saline water, it is important to understand how
halophytic species are adapted to the saline environments. Here we sequenced the whole genome of V. marina with
longreads, and performed a forward genetic study to identify QTLs involved in salt tolerance. As the QTL region harbored
SOS1, encoding plasma membrane Na*/H* antiporter, we traced the sodium dynamics in V. marina using the positron
emitting tracer imaging system (PETIS) and revealed that it actively excretes sodium from the root. In addition, the sodium
excretion was faster in the light period and slower in the dark period, indicating it is under diurnal regulation. The following
comparative transcriptome analyses revealed that the SOS pathway plays a key role in the diurnal regulation of sodium
excretion. Furthermore, we demonstrated that, under a condition of mild salt stress, the plants with the diurnally regulated

SOS pathway outperformed those with the constitutively activated one.
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Figure 1. Dynamics of sodium excretion in V. marina and
other accessions. A. Time-lapse of ?Na mapping. An, Lr, Lb
and Ma indicate V. angularis, V. luteola (river), V. luteola
(beach), and V. marina, respectively. B. Relationships
between time and the estimated concentration of ?*Na in the
hydroponic culture. Each plot is labeled in the same way as in
A. C. Set up of the PETIS. The area enclosed by the yellow
line indicates the area where the separator prevented the roots
from interfering with collecting data of hydroponic solution.

3.2 QTL f##T

Ma & Lb O ARMESE & F O CiEE M I B9 % QTL
FRAT AT o TR R, 31 YR TR bR O K E
W QTL WFRIE &4, Lavy Z O8I IE SOST 73
RTDHEDHLMNE RS (M2) , 7235, Mad
B ) BWEANE T ) RT = =T L. 11
RKOGPAEKRETEEMET 2 Z LI LT,

2023 FEE HEEE ST RS E

Chr1 Chr2 Chr3 Chrd Chrb

LOD score
|- N
5?

@
" 1 .
: , T NN VAT
0 25 50 75 100 0 25 5 75 0 2040 60 80O 25 50 75 1000 20 40 €0
Position (cM)
Chr Chr7 Chr8 Chrg Chr10 Chrid
12 — Wilt score
@ t genel
5]
@ 8 — Staygreen score
a
o
=
4
- - A £ ondl S $
0 20 40 800 20 40 600 20 40 60 80 0 20 40 6O 0 20 40 0 2 40 60
Pasition (cM)

Figure 2. QTL genome scan of V. marina on salt tolerance-
related phenotypes.

33 FTUART VT h— LR

An, Lr. Lb BX O Malzo>W\W T, A L ABHIE
24 WEfEIE D 12 B X 4 R Y 7 LT
D RNA-seq 17> 7=, T DFER. SOSI i&I51 DFE
BE L MmENE & OMICITROWCIEO MBI R s
(X 3) . An TiX SOSI OFEBEITELS . WA ML
AWk rFHEL RN o7, Lr TlX An XV &
WHDOD, A LRI EDFFEIMENMCR LN
FRECTH 7=, Lb TIIRRXTIX Lr & OREIE L
R/ 57 b00, AL ARIZE > THRODITHE
BAS E5S- U7z, Ma TIERIRX THREBLAE < | A
ML RIZE-TEHIIZEML 7,

LML S, SOSI OFBLED ATl Na HEH O
HEME TITBcE 2, £22C, U Umbzsn
LTSOSI ZiEMALT D7 s A ) —E8 5052 D
BT — X L7z (K3) , ZOF5%, Lb, Lr
LN Ma 128\ T SOS2 OB EITHMIC EH LT
RIS T T 5 & W) A2 B EMEZ R LT, — 7,
An TIXBIH - IR ORBLEICHE B R ZEIT D)o T,

An Lr Lb Ma

sost

$082 s b R N
b
2438 24 36 2436486024 364860 2436486024 36486 2436 4860 24 36 48
Cont NaCl Cont NaCl Cont NaC Cont NaCGl

Figure 3. Expression patterns of SOSI and SOS2 in the 4
accessions.
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Figure 4 Relative dry mass of Arabidopsis plants with various
SOS1/SOS?2 expression patterns.
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4. Correlation between Al and Si, K, Ca, Mn in Tea Leaves Using Micro-PIXE/PIGE Method

LB, HHEEA B, [HERGE B, AHRAT B, AR B, FepklEid B, g A B
Keisuke Yasuda **), Naoto Yamada ®, Ryohei Yamagata ®), Yasuyuki Ishi &),
Nobuo Suzui ®), Takahiro Sato ®), Naoki, Kawachi ®
A) Graduate School of Life and Environmental Sciences, Kyoto Prefectural University
B) Takasaki Advanced Radiation Research Institute,
National Institutes for Quantum and Radiological Science and Technology

Abstract

Elemental analysis of the epidermis of tea leaves was performed using the using micro-PIXE/PIGE method. The ratios
of the X-ray yields of Si, K and Ca to that of Al in the cell wall of epidermal cells of tea leaves were determined.
Measurements of samples collected at three different times showed no significant differences in the x-ray ratios of these

elements by collection time.

Keyword: tea leaves, Al, concentration, micro-PIXE/PIGE
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Figure 1. Schematics of the cross section of tea leave.
Measurement region is shown by blue box.
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Figure 3. Elemental distributions of Al, Si, P, S, K, Ca, Mn
and F for the tea leaf sample. The color bars indicate the
number of X-ray counts. Measurement area is 100 umx50
um.
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Figure 4. Ratio of Si, K, Ca X-ray counts to Al for each
sample collected in August 2022. Error bars show
statistical errors.
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Table 1. Mean Values of the Ratios of the X-ray Yields of
Si, K, Ca to the X-ray Yield of Al for Samples Collected
in August 2022.

mean o Ccv

Si/Al 0.306 0.085 0.28

K/Al 2.05 0.58 0.28

Ca/Al 1.05 0.53 0.50

Standard deviation (o) and coefficient of variation (CV)
are also presented.
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Figure 5. Mean ratio of Si, K, Ca X-ray counts to Al for
samples collected in August 2022, October 2022 and
December 2021.

2023 FEE HEEE ST RS E

REEIT 4 A ZAI2EHEKRL 720 Figure 5 OAESHIE R
BLEOEOAEMMZET LB XD & SIIAl OfE
TABFTHME L BITRKRELRSoTWVB L IR LD,
LU, 2021 4E 12 HOF— %13 1 RELO A OH|E
THHEDRE T L DIESSE OFMATE 22V,
2022 F 10 H OfEIZFRIFES ADE LY KEWHL DD,
ERERAEGFRBRETHLIEOAEEREND S LITE
27, E72. KIAL,  Ca/Al Iz oW Tk, ABHIM
DEFEVMNT L D 2R 2SR D L/l DLk
MND. REOFLZFIHTIZEITS S, K, Ca ® Al 2%t
TAHRFEOLDOABFTHINIC L 220, kD&
DEAITHRTREL RN ERNbhoT-, ZHIT
RIEIZEEN D LR O EILZ DRI, 3k
DOEEFFIIFHERICRKRES B LN L 2RI L
TW5,

PN

[1] https://doi.org/10.3390/qubs3020009
[2] https://doi.org/10.1142/S012908352350002X
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5. Evaluation of Elemental Concentration and Localization of
Strontium and Barium in Tea Leave 11
SEINER A, RHF A, AHEE OB JTHEK O, (HHEA O, (LR O
FHARAT O, ERFARER ©, PoflEld O, A AR O
Atsuki Terakawa #), Riko Hoashi %, Keizo Ishii ¥"®), Masashi Koka ©), Naoto Yamada ©, Ryohei Yamagata ©,
Yasuyuki Ishii ©, Nobuo Suzui ©, Takahiro Satoh ©, Naoki Kawachi ©,
A) Research Center for Accelerator and Radioisotope Science, Tohoku University
B) Research Center for Remediation Engineering of Living Environment Contaminated with Radioisotopes,
Tohoku University
© Takasaki Advanced Radiation Research Institute,
National Institutes for Quantum and Radiological Science and Technology

Abstract

We investigated the spatial distributions of alkaline earth elements (Mg, Ca, Sr and Ba) in tea leaves using micro particle-
induced x-ray emission (micro-PIXE) analysis to explore the characteristics of the concentrations and translocations of
them in tea leaves. We examined samples of tea [ Camellia sinensis (L.) Kuntze] leaves in which Ba and Sr were taken up
via foliar absorption, while Mg and Ca were absorbed through roots as usual. We observed that Ca, Sr and Ba accumulated
in almost the same narrow locations, and that Mg was almost uniformly distributed throughout tea leaves, suggesting that
there are the similarities and differences in the concentration properties of alkaline earth elements in tea plants.

Keyword: Tea leaf (Camellia sinensis (L.) Kuntze), Calcium, Strontium, Barium, Magnesium, Micro-PIXE
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Figure 1. Energy spectra for x-rays emitted from a tea
leaf sample with foliar-applied Sr and Ba measured
using Si(Li) (top) and HPGe (bottom) detectors. The
region of interest for creating a spatial distribution of
each element is shown in red or blue.
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Figure 2. Spatial distributions of Mg, Ca, Sr and Ba in

the foliar-applied region of the tea leaf sample collected
30 days after foliar absorption.
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Figure 3. Overlaid images of the spatial distributions of

Ca+Ba
Ca, Sr and Ba shown in Fig.3.
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6. Elucidation of Control Mechanisms of Heavy Metal Behaviors
Triggered by Glutathione in Higher Plants

HIRTE— O R EHROD A, G O 85 HEL B, FkR B, 4K B, BFHEEE D),
BEAR—ZBDILEEED, IHHMAD, [LERHED, EREEE D, A HRIT B A AR D
Shin-ichi Nakamura *4), Ayano Kijima ), Taku Yuzawa *, Nobuo Suzui ®, Yong-Gen Yin ®,
Yuta Miyoshi ®, Yusaku Noda ®, Kazuyuki Enomoto ®, Masashi Koka ®, Naoto Yamada ®),
Ryohei Yamagata ®), Takahiro Sato ®), Yasuyuki Ishii ®), Naoki Kawachi &)

A) Department of Bioscience, Faculty of Life Sciences, Tokyo University of Agriculture
B) Takasaki Advanced Radiation Research Institute,

National Institutes for Quantum Science and Technology

Abstract

Glutathione is a tripeptide with a variety of biological activities. Our previous studies have demonstrated that glutathione
applied to oilseed rape plants site-specifically influence behaviors of heavy metal such as cadmium, copper, and zinc.
However, so far, the molecular mechanisms of these phenomena are not fully understood. To elucidate the molecular
mechanisms of these phenomena, it is necessary to monitor the behaviors of these elements in roots and to clarify the
functions of transporter proteins involved in their regulation. In this study, we conducted experiments using Micro-PIXE
to establish an experimental system for imaging the distribution of cadmium mainly in the roots from oilseed rape plants.
We have successfully visualized the distribution of cadmium in the root tissue of oilseed rape plants when plants were
treated with 100 uM cadmium. Future application of experimental results obtained in this study is expected to elucidate
the molecular mechanism triggered by glutathione applied to plants site-specifically.

Keyword: Brassica napus, Micro-PIXE, glutathione, cadmium
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Figure 1. Cadmium and sulfur distribution images in the
roots from oilseed rape plants obtained by Micro-PIXE
experiments. (A) Cadmium imaging. Distribution of
cadmium in the roots of plants treated with 100 pM
cadmium for 2 days. (B) Sulfur imaging. Distribution
of sulfur in the roots of plants treated with 100 uM
cadmium for 2 days.

3. RBRBERLER

T 7T TR DR RI T2 7 VB TF A Dl
HEPHERINTND 2 HIEOH K IU ALEL AT
o7, SEIOERTIIRMRICBIT A FI T LD
TR ERRD ZENE 1L BETHDH, £ T
SR ORBRTIIT 77 F~DH R I 7 LD
Z 100 uM & L7z, ZOh RI U LB EZIT-727T
7T R IESRER D S VERK U 7= (Y 0 )Yl & VT

2023 - HEEE ST RS E

Micro-PIXE 2% % 3k L 7=,

100 M OB K7 DR E{T 72T 7 7 F DR
SR oy I DAERL L= U T KX o AORMERN Y
iz B9 5 2 LN TEZ(FiglA), £7-. R CUIN
THEEE D IR/ A & 8122 U 7= (Fig.1B), fit o (3 ARAR
R —HRIZ A LTz, AR ORAERRIC BT 2 =
WA DAL & D &R TH LN, B R
2 U AR A LT, AL B
L72UR TlEn U o A SRR —RRIC 0 LT
HZEEMERL TS, IRMEMKICKITLOHY TAD
ARAL O FEBRFE BT, BOMBEOTR bR TX 5
X9 7o iR BB S BTz,

ZOX D IRERN DR CEIRE CHEET ST
FIZEH L U+ mE R S LN D 2 &3
LMoz, 2. ZTHETIITo T EROME R
Mo, EEBTEDEREOWLEEZITH Z & ThEH
REBIGOND Z EEER LTS, HBEVITHE
T 7 A B ALER 1T M oD A PR B RE RE (FE 4 R I
M) AR D BRE 2 VED, RORWEE=FY
VT LIRS AR AT O MEND D, 5.
X VREBICARICEBIT B0 R 7 A0 R TTHA0 % ]
AT 2 7200 HIE Y v T LAY R ORI,
N 7 o 7R 72 S < Do ffF
DO NLETH D,

4. &8

LAERE T FEHE L 7= Micro-PIXE FEB&IZ LT 77
Z ARSI O L0 . BRI U AORKRIC
B2 R HOEBRT — X 2B LR TE,
YERE L 7= 9 OBEMEBIBIELOFE R, 7 K U L8
Z LT O T H RIS & AR EE Tl F ofRk
WEIp > T\, WHRELIIIRO LEIZBiT 50
R U ADZRILGA DAL L T &7z EE 2
TW5,

Micro-PIXE ZFEBRIZ(E®IE)THFE A & L A Dt
AW LT T D L 90 R EDILHE % miRE T
5 EBR CRMRL R R IT R ORER R Eig T — & 35
DD, WHEELIKES 5 X X RAABICHIT AP R
U LD ZIRILHIAR O AIEARIZELY $AEe, £ LT,
TNETFFBNT 77 FRICBIT B0 KU LAEEE
WCRIETHELZ AL LW EBEZ TS, Z T,
U RGBT R 72 E o b 21T 5., 2
SO MAIZE - T, A, #High, W RI v LRE
OEAFTERLBEL Y LEHICTHRETE 20E
AR L TVE T2,

SE XXk

[1] https://doi.org/10.1093/jxb/ers388
[2] https://doi.org/10.1016/j.plantsci.2018.10.018
[3] https://doi.org/10.3769/radioisotopes.68.643



	2023年度成果報告書古川
	23_report_template_renkei_naito
	23_report_yasuda2
	23_report_renkei_寺川2
	[差替]20240527_2023_連携重点研究_年次報告書_東京農大_中村進一_改訂版2

