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Abstract

The effect of asymmetrical alternating current electric field (AACEF) on the germination of Arabidopsis
thaliana seeds was investigated in this study. AACEF experiments were carried out using a peak value ratio of 3 :
1 (positive voltage : negative voltage), a maximum positive electric field strength of 1,000 V/cm, and a constant
frequency of 60 Hz. The seed samples of 4. thaliana were exposed to the electric field for 10 days after sowing and
were maintained in the light at 25°C for the experimental period. Seed germination was counted daily for 10 days.
Total RNA from the seeds was extracted on the first, fifth, and eighth days after sowing. Gene expressions of GA20-
oxidase 1 (GA20ox1), GA-INSENSITIVE (GAl), 9-cis-epoxycarotenoid dioxygenase 3 (NCED3), Abscisic acid §'-
hydroxylase 2 (CYP707A2), and 18S ribosomal RNA (used as a housekeeping gene) were analyzed by quantitative
real-time PCR. AACEF had no obvious effect on the expression levels of target genes. The germination percentage
and the germination rate of the seeds exposed to AACEF were significantly increased from those of the control
(without AACEEF).
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1. [XLC®IC

UTAE, TRIE, O, ERIC L HREEM, H, W Ok
72 EDkk & TR A N L AT D R AIG B I B L S R
72TV 4. Marino & Becker OFRF TlX, 100Hz L T
KA ERCEL N EY (S F S ERBYOMY S 51T
WCEZBEBIZOVTHE L TWSI].
, B RARFE 712k LC 50 Hz TORJE B
B (30 BET60mT) & —EREHIFIINT 52 & T, fET

BEREPAREICH ET DL 2@RELTVD2]. £
Takimoto &%, 3 1A XF X FhFIT x5 WS K ES

(400 mT) DFEHEHERN R 2 FEIEL TV D
KEICHT 2BBODREL L CRFRER L OREEE
BEL, WP LEINT % 2 & 28 LTV 5[4]. Takaki
HIE, LWeld oFEERGRIREIC ST 5 230 A & B H]
IMOBHFIZDNTHFEE T, EBXHL (50 kv, 50 &)
(2 X o TULEDH 2 fFHNT 2 2 & 2 8iE LTV 5[5].
I, WA T VKRR T-I2x5F U TR O BRI 217
D EFEF ORI, MR L 7 X DAEBIREDN R
EENTWAL6 7). Dymek HI1%, KEREFIIHTE01
ZEFREIMONRZ T, DRMIEOHD B L OT 7
WL O -7 2 7 —PERHIR T 2B 500
Gandhare H1%, b~ METICXHLCTER, v 7 il L
O v F e & O CRIHEER R & Bt L, R ORI
DR LEEI ORI RFETHL ZLaWMELTND
[9]. Piras HiE, IEEADOEIRE oMk A
L, IEESRENAS~ Y fiF O F 2Rl T 52 L 2 MG L
TWA[10, 11].

RAXFTAFE, 1) T LA RXPRE N, 2) 1
R 2 o A OFEHIR, 3) BN TORKENRES, 4) 2
DREFREND, 5) BERGMEEZFTZ2, 6) WHE
BREG R EOET AN & L TDZEL ORI EAH 2T
Wb, vaA XA, TR e XX RO
L HEFETH D, 2000 FIZHY & L THIDTRYT ) LMMEGEN
KT LE. 20877 294 X313 B, 8750
#126,000 [ TdH v, BHACHY) TIIHR/NDOEHTH 5.

Bhx RBREEA N L AP DR B - 2 5 BT
B9~ D PSR B D 53 B T 2. I 20, R TR T

Al L ~L)

Krawiec 5

[3]. Mo B

LTWAB[S].

DIRIR & BT, MR LE L THET 7TV P VR
(Abscisic acid, ABA) 33 L 'YX L' U  (Gibberellin, GA)
DOHNAERNEE LTS, FEFORIRD &R FA~DOBITIX
ABA |2 X B3] (IRIRHMER?) 35 LU GA 12 K D583
e (IRARAERR) OFHZZ I T\WD. vaA XX )
T OWFEEETIE, Rk (600~700nm) ARG (700
~750nm) JEZMET 4 N7 v A F XY B OREIEZE LR
T GA B L ABA OWNAERAZFE LT, JFFE (KR
EREE) EHIEIL TV D12, 13].

AHFIETIX, v aA XFRXFIZEIT S GA LU ABA
DGR, Dk LOMENC b s#FE 2 — F+5 4
DEAE T & LT, GA20-oxidase 1 (GA200x1), GA-
INSENSITIVE (GAI), 9-cis-epoxycarotenoid dioxygenase 3
(NCED3) 3 L. O} dbscisic acid 8'"-hydroxylase 2 (CYPT07TA2)
ICHH Lz, 2D OBE T & 5 RFHIEHRE I 11
AL, TNOORIRFIFELT O & 5 »%&E 2 H>. vnm
A XFAFIZHBT D GA EGHRKIE, kT, FIF=r"
7 =)L U »F (Geranylgeranyl diphosphate, GGPP) 7>5
GA1z (GA BIERA) 2MEGRL SN D. VT, GA20-oxidase
IZX 2T GAn »HIGHER GA NAE/RK SN E. GA20-
oxidase & 21— RJ 2R 1% 5 2 (GA200x1~GA200x5)
FIEL TRV, GA20-oxidase 1 (GA200x1) VX)) B % fih
B2 . TEVERL GA I35 e (IRIRAERR) 2475 . £z,
ZOENR GA DISE LMD DO Z 7 HIX
DELLA K7 Cé 5. DELLA K11, 45 2A 70855 ]
KRS THY, NKRHMOT I/ EEhlS] (D-BE-L-L-A B4
B L V-H-Y-N-P ) 23 = 7 I & L CAEFEICREFES T
TW5. Z? DELLA F+% a— T 2 8U& 13 5 D (G4-
INSENSITIVE (GAI), REPRESSOR OF gal-3 (RGA), RGA-
RGL2, RGL3) f#ET %[16-18]. —Jj,
ABA EA R, 69, GGPP b himT /A RBVAES
REND. FiW\T, ABA BRCROBERERTHD 9-cis-
epoxycarotenoid dioxygenase 3 (NCED3) \ZX>ThuT /
A4 FhBXH e F¥T (ABA FilRIER) BNELGRK SN,
D% ABA BEGRK S 5. ABA [T FEFMH] (RIRAERR)
Z1T9. F£72, ABA & NEMHE(LT D13 Abscisic acid 8'-
OB E a— T LREFIE 4 O

LIKE 1 (RGLI),

hydroxylase T&H 5.
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(CYP70741~CYP70744) 71E L T V [14,15], CYP70742
I3 ABA O EBR NEMHELEFR CTH 2.

ARFFETIE, v aA X PRI A DI KIE T B
MMOFEZ B & Lz, i IZEBR AT 572029k
KPP PR AL E 2 AR L7, 2 OIERRAS it @ S O FIN
DFEEZHB T DA ORFEI LORIFREZTAE L.
I 612, FETORIREFEIFIL, GA BLO ABA OWNAE
IR 572, GA BLU ABA 04GR EICEb S
4 SOFERBIAT ORBIEA ERE Y 7 /L% A 5 PCR HEIC
Ko THRMT L7z

GGPP
GA,, AOF/ 4K
GA200x1\l/ \L NCED3
GA ABA —> PA
\ \/ CYP707A2
GAI %

1 A4 X+ FEFORKFHIHEE
Geranylgeranyl diphosphate (GGPP), GA20-oxidase 1
( GA200x1 ) , GA-INSENSITIVE ( GAl') , 9-cis-epoxy-
carotenoid dioxygenase 3 (NCED3), Abscisic acid 8-
hydroxylase 2(CYP707A2) 8 KU 77 1B (PA).

2. ik
2. 1. BFITHT DIEAFIRERDEIN

v aA XS RX) (Arabidopsis thaliana, Columbia k) @
Fi7 % O CIER R AR T B R 0 FUIN AR 1 %8 2RI R E
R A MGE LT, TSI R IR B S A EIIN 5 720
EEEZREL, M20 X ICHEHICEREZE L. Ak
BEORBBIILA FIZFEHE L. REEIE, 2R T 1R
RIOEMH (] 30 cm X K 20em X JEE 1mm) % kT2
fTLTS5 om ORIFECRE Lz, ARERIL, 25COF 2
—H—NICRET D201, 20Xk RERIZLEZ. 20
BRI IE B OREHE S R 5 (IEEIE & ABEOW FE
HER3 1 ThD) HAFMEREEIM L. &KIE
BIIREE 1T 1000 Viem & T, BN L 72 A it BB 1 0D J& 3%
¥ 60 Hz & FV o, ARIFETIE, Fox ORYIORAE L
T, EEELABEOESMEMERIT I LITREL, AR
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BT AR (76 A AHR) Ok E BV varag X
A FOFEFIZLUTO L ST L7z, v u A XX Fofl
F (50K1) % 1.5mL~A 27 vFa2—7IZAf, FEFITK
4y B WL S5 - IS B OB K E M2 T Hk L
7. SO Y —LVNIZAMREEE, 2mL DABEKE LT
ZTHOAMCEIM LT, ZOAMEICH % 10 b 8%
L, 5oy —L (AT 10 K # X5 Br=50 ki
SSRTHD) B LZ. 2O 5SHOY Y — L EBRA
LR D FE OB LICE W, 2 DX D IZHEHRT
FTAT v IV RKaNICAREBB LYy — L E2IWIL, 20
TT ATy 7 RERNICH A DR A B T2 DIk E A
TE—D—% BN, ZOT T ATy 7 Rasl I RIAREE
2 7oA v 2= — (25°C, IR PICHE L
o, FAITKRET 2 IR B SR ORI, ZOA v F =
N—Z —NIZEWTHRERER 10 H e LT FE 5 L7z,

BHLTSAF v I B

Se—L
10H DT

Sx—L
10HOET

B2 FEAMXRERZEORAR

2. 2. BFORFUSLURFEE

IR FRASIRER OHIMOE I T D m A XF XS
OFE T OFFEIT, % 10 ARICHB W THEHFRE L
ARG TIE, EORMNAE T E2RFEL L. FET
DOIIFRT, L 10 H BICRT 28T OFFKIHKS
WCHEH U7e. BRI B A O FIINAS BAE T 3 DR 2%
AR T V131 % FA TRt L 7.

2. 3. BIFORBE=DLE
v a A XFRXFFEADOFREIEIL, ABA GEIFEMH], RIRKE
F) BLOGA GEZHEEiE, KIRMERR) ONAERICERT
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®1 ABMRTHEALETSM<—

Bin14 TIA~—4% ) (5-3)
CYP70742 CYP707A2-F  ATGGGGTTGCCTTACATCGG
CYP707A2-R  AGCCGCCTCTGGACTACTTA
NCED3 NCED3-F CCTGAGACTTTAGGCCACGG
NCED3-R AAGTCAACCTCGAAGCAGGG
GA200x1 GA200x1-F ACCGAGAGAGCTTTTGGACA
GA200x1-R ATGGGTTTGGTGAGCCAATCT
GAI GAI-F TGGCTTGTGATGGACCTGAC
GAI-R AATATGTGCAGCCGCAAACC
18S rRNA 18S rRNA-F GTATGGTCGCAAGGCTGAA
18S rRNA-R AAGTTTCCCCGTGTTGAGTC

L2 EDBHMOENTND. AHFETIE, v uA XFXFHF
D GA 8 LU ABA DAERRK, 53fds K OHIHNIZ BID % 1%
Fha— FTDHEMBT & LT GA200x], GAI, NCED3 £ X
W CYP70742 (K1) AWz, S5, MlzN CO#R
FREABR -ETHINTVAF—E U TEBIEFLLT
18S U AR Y — A RNA (18S1RNA) % /=, Z @ 18STRNA
(NI RAX—E 7B T) ORBEZEAECLT, tho
BT REAEZEH L. e XFXFFE-ICxd 53E
KIARZZIE SO F T 5 2 & OB DFHE
BiY, ®BUT7AEA L PCRIEICE > CEHMliLE. FT
25 O total RNA O H1E, RNeasy Plant Mini Kit (QIAGEN)
ORI OB EIC R O T EICE > 72, 20 total
RNA OfifitHix, ERZHIN L7275 L OHL T
WHEIZRWWTC, iR 1, SBXU8 A HICEERICE
ATZ 10 ROFET (1 DY v —LNIZH D 10 KLOFET)
& W7o il U7 total RNA O SHE OREFRIE, Agilent RNA
6000 Nano Kit (Agilent Technologies) I3 J % Agilent 2100
bioanalyzer (Agilent Technologies) % i\ CHRfT DFLIAEEIC
RO FIEICHE S T2, RNA OSEE, RNA O fROHELT
EAWE 1.0~10.0 DHETE L 7= RNA Integrity Number
(RIN) T &> CEREMIZFHE L 7=.
SRDHELT L TR S F, RINST.0 1% RNA O/ 7317 L
TW5. Z O L7z total RNA 7> 5 cDNA AT 5 72
¥»IZ, PrimeScript High Fidelity RT-PCR Kit (TaKaRa) % ¥R
FFOFBAFIGR D HEICHE > TRV ER&RY T4 A
L PCRIEE, A v —H1L—%—& L TSYBRGreenl %

RIN>7.0 |% RNA ®

W T b SYBR Premix Ex Tag 11 (Perfect Real Time)
(TaKaRa), #7% DNA & LT cDNA, 3L OHEN#EET
EHIET 57200774 <=3t Az E1).

K2 VOAXFAFEFORFHE S URFE

R _ BRORN L BEROEISH Y
DRE G IR I IR
(H) (k) (%) * (k) (%) *
1 0 0 0 0
2 0 0 0 0
3 0 0 0 0
4 0 0 0 0
5 0 0 2 11
6 8 40 15 79
7 13 65 18 95
8 14 70 19 100
9 20 100 19 100
10 20 100 19 100

* EREME 10 A ISR T 5 ORFHOFHE L.

HFE (%)

EE&OBH (B)

3 EFEOBERZEL

BERZMMLI-EF (B) BLXUVERZEMML TLAUGE
F (O) OHFERETT. FHKFERL BEXRI10BBIZE
ITAREFOFRIFHMICESTHELT.

3. MRBLUEE
3. 1. BFOEFBEIUVURFEE
YHAXT AT OETDORFIZE 2D IEAFRAZE

DEVNO 58 2 BGE LTz, FERFRASHE S O FIN oA (2
Bl MO REFE SR LOFRERL, % 10 B
CRBWCHEARE L (R2BLOK3). ZoORE,
fiith 5~8 HHOFFRL, ERELEML TORWAET X
0 HERAEIN U2 EIC @OV ISR LR U, fH
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% 5 HHOFREFERL, ERLEMLUETFD 1% (2/19)
ThY, BREHMLTHRWEEFD 0% (0200 ThH-o
7o, IbIT, #EFE% 8 B B OFIFERIE, ERAEMIML-FE
F23100% (19/19) TH Y, EREZEHI L THRUNFES A
70% (14/20) Tho7o (R2BLVM3). Ziik, ER
DOHIMZ L > TRIFICTET L HENEL R 2 L &R
LCW5., ZOFM% 8 B HORIERIZONT, (bt
FEET A ZHWTHIT LIz 2 A, pEX0.05LLTF L
70 ZOWFICERBRENRD b, ZORENG, FEXT
BB ROEIIC L > Ty rA XF X FFEFORHEMN
AREICRET 2 Z & FEIHRE) BHLNIR>72. 20
K OIT, Rtk 5~8 HH TORFHL, EREAMLIE
S LNICEWEFE TH o, RIZ, &% 10 A
B CORMMR B FFRZ T 5 &, BREFIN LI
FEFIXS0RLD 5 B 19K TH Y, EBRAZHIM L TWZRWE
FIES50KD 5B 20 K Th -7z, T b, #HfEE 10 A
H CORMN 72 RFHFEHL, EREMNOA K CRIFEE T
bole. ZTNHDORRNG, BROAIMIE > Ty rA X
FRFRET-OFIFIHMEE L TRV, 512, ZOEROH
NSFEF- OFEFI RSB E 5. 2 Ipvy (FET-36 238 2 ) L7
W) ZEDBHLNI 0T

3. 2. BEEFORHEDLLE

AT, ERY TAHA LPCRIEZHANT, GA B
L ABA OAEAHBREICHEHDD 4 SDOBFRBRET
(GA200x1, GAI, NCED3 ¥ XU\ CYP70742) B LU
Ax— B JBET & LT 18STRNA ORI E 2 7T L 7-.
IR FBROEMOF B CHERESZ 1, SBEIW
8 H H DA B L7z total RNA D AE 1T, Agilent
2100 bioanalyzer % f\>C RIN fHIZ & - CaFfi L7=.
L 723 _XTD total RNA @ RIN fEIL 7.0~9.0 D#iJHTdH
D, ZHhHORNA OEPHETL TV & AR L
7o. EEY T /NHA LPCRIEL, total RNANHAERLLTZ
cDNA Z#F & L CHIWT, RS F DR BLE & M L
. BTN ENOBETFORREL KT 57201,
MRANTORIEFRAEBEDN—ETHILNTAF—E T
AR T 18S rRNA OFHBEZ 1.00 & L THO 4 SDHEIR
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T OMX B EE RO (K4). ZORERE, 4 o0k
{51 (GA200x1, GAI, NCED3 ¥ XU\ CYP70742) OFHXS
R 70 B BLEIE, FERIFRAS I B S D FIIN DA I I TR
EThHY, AERETRD RR»oT.

AT TIX, Fx ORPNORDLLE LT, 4 DOFERET
(GA200x1, GAI, NCED3 ¥ X T CYP70742) % x4\
A FEM LT, MRk, EEE L ABEOWRSHEIER (3:
1) BROEWKE (0Hz) Z#ikE L. ZORE, viadg
X RAFFET-OFEL, L2 L 912, EROEIMZ X
S THEORENEO b, —F, KifsETxig s Lz
4 SDOBIET ORELRIL, AERENBD NN,
LSBT, vaA XFAFRETOBGTRERICEZ DER
MO AZ Y] T 272012, FFICHE 5T HthoE
B bR 5 LI, ORI LR oo
FEORKFHIEY e,

2.00 [ ——
b
x N EL-BER._ BN
R
i3
%tw ---------------------
2
0.00 — — :
15 8 1.5 8 15 8 15 8
GA200x1 GAI NCED3 CYP707A2

K4 EEFOHEMMEERE

BREMMLEEF (B) BLUBERFHML TLVEE
F (O) TOEER1, 5KV 8HBIZEITS42DE
{EF (GA200x1, GAI, NCED3 & &£ U CYP707A2) D%
HExRd. HENTOEEFREEN—ETHI/1\VR
*—FEUYEEF 18S rRNA DHRIE L 1.00 & LTHD
4 DDELFOHEMNEREREETRT.

4. 5IRAXE

[1] A. A. Marino and R. O. Becker, Biological Effects of
Extremely Low Frequency Electric and Magnetic Fields:
A Review, Physiological Chemistry and Physics, Vol.9,
No.2, pp.131-147 (1977)

[2] M. Krawiec, K. Kornarzynski, S. Palonka, M. Kaptan, P.
Baryta and P. Kiczorowski, Does the Magnetic Field
Improve the Quality of Radish Seeds?, ACTA Scientiarum

-21 -



http://bigjohn.fukui-nct.ac.jp/journal/

(3]

(4]

(5]

(6]

(7]

(8]

(9]

[10]

Polonorum Hortorum Cultus, Vol.12, No.6, pp.93-102
(2013)

K. Takimoto, H. Yaguchi and J. Miyakoshi, Extremely
Low Frequency Magnetic Fields Suppress the Reduction
of Germination Rate of Arabidopsis thaliana Seeds Kept
in Saturated Humidity, Bioscience, Biotechnology, and
Biochemistry, Vol.65, No.11, pp.2552-2554 (2001)

W. Mo, Z. Zhang, Y. Liu, G Zhai, Y. Jiang and R. He,
Effects of a Hypogeomagnetic Field on Gravitropism and
Germination in Soybean, Advances in Space Research,
Vol.47,No.9, pp.1616-1621 (2011)

K. Takaki, R. Yamaguchi, T. Kusaka, H. Kofujita, K.
Takahashi, Y. Sakamoto, M. Narimatsu and K. Nagane,
Effects of Pulse Voltage Stimulation on Fruit Body
Formation in Lentinula Edodes Cultivation, International
Journal of Plasma Environmental Science & Technology,
Vol.4, No.2, pp.108-112 (2010)

K. Takaki, Agricultural and Food Processing Applications
of High-Voltage and Plasma Technologies, Journal of the
Heat Transfer Society of Japan, Vol.51, No.216, pp.64-69
(2012)

N. Hayashi, S. Ihara, K. Kadowaki, K. Takaki, D. Wang
and R. Nishimura, Enhancement of Yield of Harvest using
Plasma and Pulsed Power, Journal of Plasma and Fusion
Research, Vol.90, No.9, pp.541-546 (2014)

K. Dymek, P. Dejmek, V. Panarese, A. A. Vicente, L.
Wadso, C. Finnie and F. G. Galindo, Effect of Pulsed
Electric Field on the Germination of Barley Seeds, LWT -
Food Science and Technology, Vol.47, No.1, pp.161-166
(2012)

W. Z. Gandhare and M. S. Patwardhan, A New Approach
of Electric Field Adoption for Germination Improvement,
Journal of Power and Energy Engineering, Vol.2, No.4,
pp-13-18 (2014)

Z. Gui, A. Piras, L. Qiao, K. Gui and B. Wang, Improving
Germination of Seeds Soaked GA3 by Electrostatic Field

[11]

[12]

[13]

(14]

(15]

[16]

[17]

[18]

-22 -

Treatment, International Journal of Recent Technology
and Engineering, Vol.2, No.1, pp.133-136 (2013)

A. Piras, Z. Gui, L.Qiao, K. Gui and Y. Fan, Effect of
Negative Electrostatic Field Treatment on Germination of
Seeds Soaked GA3, International Journal of Soft
Computing and Engineering, Vol.3, No.3, pp.191-194,
(2013)

A ERIED BT I, B AR,
{b5 & A28, Vol.44, No.9, pp.596-602 (2006)
FHAE NI I OVERAE . GRE) , LAY —ET
FEF OEHL TR oy TR, REAEWSARTIE, O 32 0,
X—#E AR (2009)

T. Kushiro, M. Okamoto, K. Nakabayashi, K. Yamagishi,
S. Kitamura, T. Asami, N. Hirai, T. Koshiba, Y. Kamiya
and E. Nambara, The Arabidopsis Cytochrome P450
CYP707A Encodes ABA 8'-Hydroxylases: Key Enzymes
in ABA Catabolism, The EMBO Journal, Vol.23, No.7,
pp.1647-1656 (2004)

S. Saito, N. Hirai, C. Matsumoto, H. Ohigashi, D. Ohta, K.
Sakata and M. Mizutani, Arabidopsis CYP707As Encode
(+)-Abscisic Acid 8'-Hydroxylase, a Key Enzyme in the
Oxidative Catabolism of Abscisic Acid, Plant Physiology,
Vol.134, No.4, pp.1439-1449 (2004)

L. D. Pysh, J. W. Wysocka-Diller, C. Camilleri, D.
Bouchez and P. N. Benfey, The GRAS Gene Family in
Arabidopsis: Sequence Characterization and Basic
Expression Analysis of the SCARECROW-LIKE Genes,
The Plant journal, Vol.18, No.1, pp.111-119 (1999)

A. Dill, S. G. Thomas, J, Hu, C. M. Steber, T. P. Sun, The
Arabidopsis F-Box Protein SLEEPY1 Targets Gibberellin
Signaling Repressors for Gibberellin-Induced Degradation,
The Plant cell, Vol.16, No.6, pp.1392-1405 (2004)

C. M. Fleet and T. P. Sun, A DELLAcate Balance: The
Role of Gibberellin in Plant Morphogenesis, Current
Opinion in Plant Biology, Vol.8, No.1, pp.77-85 (2005)



