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Plant ionome comprises the mineral nutrients and trace elements of a plant and is a
dynamic network of elements which is controlled by the physiological, biochemical and
genetical processes in plant. The expression of genes, however, is largely environmentally
dependent. Thus, there must be a connection between plant ionome and environmental
parameters. Revealing the linkages between the ionome and environmental parameters may
help in developing strategies for better nutrient management and to combat environmental
problem such as global warming, contaminated soil, etc. Being a principal environmental
factor, temperature, both shoot-zone and root-zone, influences all aspects of the growth and
development of plants. Hence, temperature was chosen in this study as an environmental factor
to investigate its effect the ion profile of L. japonicas. Another objective of this study was to

confirm and characterize some potential cesium (Cs) mutants screened earlier.

In the first experiment, L. japonicus plants were grown in hydroponics at two different
shoot-zone temperatures (SZT) (22°C and 25°C) with the addition of several non-essential
elements in the culture solution. After four weeks of cultivation, plants were harvested and 21
mineral elements were analyzed. Most elements, except phosphorus (P) and cobalt (Co), were
higher at 25°C SZT in shoots while number elements [potassium (K), Co, Cs, sodium (Na) and
nickel (Ni)] were higher in roots at 22°C SZT. SZT, even as low as 3°C, may partially change
the ionome of L. japonicas. The alteration of ion profile may be contributed mainly by
increased transpiration rate and/or by enhanced metabolic activity in plant. Again, the study
complemented the existing P-deficient ionomic model, suggesting that the overall nutrient

status may help to determine the external environmental condition.

To investigate the ionomic response of root-zone temperature (RZT) acclimatized L.
Japonicas seedlings were exposed to three RZTs: 15, 20 and 25°C for one week. Then plants
were harvested and mineral elements were analyzed. In shoots, the highest concentrations of
all elements, except for Ni, were at 25°C RZT. At lower RZTs, the reductions in concentrations
were more evident especially for trace elements and heavy metals. Except for magnesium
(Mg), the highest root concentrations were at 15°C RZT for all essential elements. Unlike
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other non-essential elements, the highest cadmium (Cd) and Co concentrations in roots were at
25°C RZT. Ni in shoots and manganese (Mn), Co and Cd in roots were negatively correlated

with most other elements (either, essential or non-essential) in each respective organ.

Cs is a non-essential element and toxic to both plant and animals. It occurs in the
environment mainly through waste disposal from nuclear power plants and nuclear explosions.
Cs uptake by plant is one of the main routs of entry into the food chain. Phytoremediation and
regulation of Cs entry into plant systems are two main approaches to cope with this problem.
To develop these technologies, Cs mutants may help find appropriated transporter genes. For
the mutant selection and characterization experiment five candidate Cs mutants of L. japonicus
obtained from a separate mutant screening project were selected. Out of these five, four were
confirmed as Cs mutant through selection protocol involving cultivation at Cs stress condition.
Based on the results, we selected 2-3 line as a low Cs mutant; and 3-18, 8-15 and 4-6 lines as
high Cs mutants. The four mutant lines were forwarded for further characterization. In mutant
characterization step we produced the shoot ion profile for the four mutant lines based on the
concentration of 21 elements and compared the correlation between ions at each mutant.
Beside Cs, there were alterations in other elements in each mutant. For example 2-3 line
showed enhanced chromium (Cr) uptake in shoot. Mutant showed significant decrease in Al
but increased strontium (Sr) concentrations. In 8-15 mutant line, there was a significant
increase in Mo but decrease in Cd and As. Mutant 4-6 showed enhanced Sr uptake. Each

mutant showed distinctive set of ion interaction.

In conclusion, this thesis showed that temperature, especially at root-zone, altered the
ionome of L. japonicas. Root-zone temperature also influenced the interconnection among
different elements, which varied with the plant part and also under different growing
conditions. This suggested that environmental parameters (such as temperature) should be
considered carefully in ionomic studies, since ionomic signatures change with particular
growing conditions. Again, the selected Cs mutants may provide necessary genetic material to
combat the problem of Cs contamination by developing Cs hyper-accumulators or Cs safe
crops. Hence, we can say that ionomics is an efficient tool to understand various stress
parameters, especially in plants, which not only eliminate the knowledge gap but also improve
the understanding of plants mineral nutrition for better nutrient management especially under

diverse environmental conditions.

— 1278 —



FA i L EEDEE

Z # B K & il
E O OH B OB O} M M
E ZRABKE B R = K
OB & E B OB O#®

%40 % X4
Ionomics study of stress response in Lotus japonicus

(YT TFHFIZBITFBA P VARIBDA 7 3 7 AHF)

AL 114 B, K22, 15, 6 ENSRD ., EH/I 1 EHRFFIhTwn
B,

ﬁ%%#/~AmE%$®%£§“_$kiU#%ﬁmi@ﬁAwé kL, A
A, ALFNB L OBEHR 7o XCHBH I TEBOEBH Ry NU—2 %
KBRL T3S, —F, BEFORBRIIEFTFREICKEIEKFET I LD, DA
) — A EBRENT A —Z OBICITRVEREH D Z LR TFRENDS, ZOHEEFD
BREAETT 5 Z LiX, EMFIFICBIT 2 IESEES, BRI E85RE Vol
REMBE~ORSIZBWTRERBIT L7225, RICEELRBERTFL LT, BEMN
HHAEBTODLWAEICH L THEEBZRIELD 52 &b, AR TIE, TTHRE
BRI Y2y 04 ) —2aT7 7 A NVIEZ BHERRE Uiz, & bITAH
G, BELETHLEV UL (Cs) ORIEEREZ L SDZ EBTFHRINDII P
THERRORMEMBITEITO b AN E L,

EOIDOERTIE, IVvasVoRBOBEE2—E (23C) &L, ER3RBEL
B (22CRB LV 25C) ZH LEIZITV., AR L OHELATEE S LR TR
B L7z, 4 BRIOBIE OB EMEEZY L7V 7 L2l TROEEREZRIE L,
U (P) BLUa b (Co) ZRLIBEALOTRIITEEZ 25CIZTHZ LT
EWH EHERERERL, —FBRETIEII UL K). Co, Csy T RU A (Na)
BLUO=v & (Ni) BRE 2CICBNTEWEEEER L, T3 CoOKIER
DEENB IV ATV DOAF ) —b70T 7 A MIEBE L 2B, ThEEICHEY
DR & RBNEHEIC R T 2B L D LRI,

— 1279 —



Wiz, ARBEIRE LKL TIvas/ b B DIIRAF ) — MEEERT OIE
RETB7D, 3 LULVORBIRE (15, 20, 25C) #5%EL. —BREINEEZ{To7-, L
%, MR PREL, TREAFREREL, ZORR, BIEL-TEDI BN &L
ETORTRITBERE 25CTH ELHOEFEERRELEL, EVREBIEE TIX, fFich
ETRRCESB TR CH LBEFEOETRE LI, w720 A M) 2L
TOVATRIVBERE 15SCTRICBIT 38 RNEb BT, MOFELETRE
720, BRIV L(CA) & Co DIRICBITHER RITRBIRE 25°CTHRLEI-T-, ik
EIZIBIT A Ni LABERIZIIT B~ (Mn) | Co, BEVCd DEHRiIhoTH (A
BLOFENIER) DEFRBLAOHBERLE,

Cs I3 B I UL > TUATII L, LeLAEMEZ R TIEE THD, Cs 1XE
CRFARBRCEERDOREEWIORERICHHESNDG, BMEH~D Cs DEA
IHEMID Cs RIS ERTHAZLND, ZORBER T T A S>DOFELLT, 77/h
VAT 4 —Ta SO Cs RIS HIT b, Cs ERERKERIB T80,
Cs DRI -EFEICEHDA TV AR—F—REDBRIRTERDITHL, Zhb0EfiE %
BIHDZLOBTLERSD, £Z T, RIOER T Cs £ERERKOEMELTELNE S
BRIV a7 Y DERDORERB LGN EIT T, Cs ANVADEBRZEDRERMD, 5 &K
DB 4 R Cs EEERIKREL THERSIL, TDOIHD—2(2-3) IHE Cs BRI THY,
FOD =R (3-18, 8-15, 4-6) IIm CsERK TH o, ZNH 4 DDOERKELIZ DER
W, 21 TROFEREHLICINDOERROM LA A ) — 2T 077 A VE{ER
L. ENENDOERKIZBITIHAA L REOMBEZR LA, Cs ADOTERITHE
BB oNnT, Flxid, 2-3 13 EEICEBIT3 70l (Cn) &8 L EL, 3-18 TiX Al
EHEDOET LA FUA(S) EHED LR BB LI, 8-15 TiX Mo EHED
ERECABIVAsEBERDETERL, 4-6 T St RINDOIEEIFER SNz, BER
R TGI8 A BB OB BE N FEELZ,

PLED X 51T, A RIIED2RE DL BHEYMERN DA AL NG A% KRESEE)
ERBIEERFD THOLMIZL, AFFRICL> TR RIT KRR LIc L b5 %
DEREB PP EECBIETHELERT 5 ECLHEFHICEERLOTHS, Ht,
FETEORINENRELRIERKERIKL., TORMEMIT 2 T o2z bid i oFE
TREBTHIET 7DD —BERE, Lo THEEE—RIZ. 279N 279 7
FUNRREE (BE) OFMEZTEOI+SRERERETH >LOLERDE,

— 1280 —



