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AE LET k& FREERUET T SRR A

MEE, A, AWE, BEHF, D E

TLogeRT, ANE, £, AR

(1. HR R KA Rl AR ERE, 220 730070;
2. E BRI BT, 220 730000;
3. hEFBFERERY:, bRt 100049)

TE: AH % UALE It (Columbia B £ &) T4 F A48, FIAZMESE FHAXE (HIRFL) 2% S T
KM HATESAE, FUHEFEE. RK. TREKEXEREM TH, UK FEEELTE (Linear

Energy Transfer, LET) B8 & F & 48 B X L 5 7+ 4 R 3545 B 09 &2 v .

HRRW, EMFELET 8B4 414

T, MEBHAENEA, UFFNFEE, RK, TREKE. SRAMNTEMEATRES . £HFF
ETFLET BHAERELT, MELETHWHRA, FEX, RK. THREK, SRXMNTHEHEE TR, 7
W& LET &5 B T ME AW EKMLT. AAKH, LLET %50 keV/um i, B & F K48 4 0 H I+
ThEF AR AR EFE LN EHN 200 Gy, HBETRHEE FTREMNFERERAERT LR,

KR BE TR UHE; LET; BRHX
HhE S-S QEIL5 SCERFRESRS: A

1 5|§

U F I (Arabidopsis thaliana L.) J& T X1 M4
MW, +Fiekl, REITE. I E N RETE R
M EERAEY 2 — ) N T LS KE
VR FE R 2 R, By R R
w7, R RS (1) RRAMR N, RV R
HE N30 em/Af, AIERESRERRE; (2) &
HRAMME, N7~ 8FEAA, KR8 T 1370 A);
(3) HAEH R, HMRATWOGRE T RLFI 75 (4) JEFZH D,
SERITET B, AU SXT e ik, BEANFERIZH K NZh 125
Mb, AP 20 1 I 5 45 S 2 A 5 2 T 2000 47
AN

FHL 8 4 G 6 AR AR B AR L, — 9 T AR BILAE R
REBEERTAEMS T, 5URAM S TSR,
i DNA. RNA B E R A B, IR ] {5 25 20,
IR T B WA R A TR 55— J7 T s
AT LB K Ay R AR KR A, X AR (]
BAE R T AW T, W& LAk gn i K 8t 45 7 i 45
FITEIR. AR, 381 o R L Rs (R i B 22 R AR )
SRRV & 2 KR B A B AL AL % (Linear
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energy transfer, LET), BI7EH47 515 B 4E L UTRR IR
RER K, JEBUH B R MK LET 92k (10 X 54 4.
v SFER) I e BT 2 3 50 o A AR REAR b, B AR B
B UL Rk, MR EES T, EE TR M
P, 20 B O L B R AR N AR W 22 B8 (Relative biolog-
ical effectiveness, RBE)°~6, i RBE {5 [f] 5 % Fb
ZH W, AR BURYE, SRR BT RRE
%, LETEX LS4 Jrop sl -0l & g7l fh 2k
EZHADFEE, AEABETMHE AELET HEET
R S X R D AR % 50 0 A L ) e S A A B O A R T
111 SuzukiZE MOV IR 6] LET F9 %5025 748 47 A B0\ 15
YA FS A, 2 M B T RN S 5 I R ) R AR LA B R
MILETA M. Aoki-Nakanol™ 'V fi] # 55 748 4t B i &2
S R I, DNA XUHE W 28 B Bk AR 2 2 B2, A
MRARREE. EHEYE S, AR LET K EE
FHRAFERAF LKA DNA RAZRM, B LET
FE G KRR B HEAGK, BEELET 1)
BN, Yt pk EE HE I ) R A LR B 2 g 2 1218
Bk, AR, RRGEWEE TRNIER
BMZSH, RXRKTEAME—IEMEh SR EE
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TR =N E U3 E (HIRFL), SR8 & 751
N43.3, 13.0 A110.3 MeV/u (*F-¥ LET 4 %4 50, 150
H1200 keV /pm) (P15 B 1 A4 S5 0 R I (6 07,
X AR AR R, A, MRS, SR
Bifita bR AL, WA LET (6K B 7 o 4 RO 0,
TSRS NERK KGRI (G AR AR5
FRHSH) 8N, DU SRS E & 13 T R
PR A fo (o E B R A S A, RIS O B R A R
FUFE I IO TSR il B dfE

2 MR5EE
2.1 RGP RIS R4

BEARAE YA R R 5T B 2E A (Columbia) F 1 i
IRl B b A= d RS 0F 70 B A ) AE B AR A A T AR e
WA, REIRME: (2242)°, 16 h 6l /8 h HBEE,
FREEE A 5000 lux, FHXTEEE N 60%e.
2.2 &
2.2.1 $EGRLIR

LR IT TR 7 D2, R HIRFL #2450
B T AR AT RE A AR S AL B, BARARS SHOLEE 1.

#*1 mETRESSH

Energy LET Dose/G Number of
/(MeV/u) /(keV/pum) M samples/dose
43.3 50 0, 100, 200, 300, 500 7000
13.0 150 0, 20,40, 60, 100, 200 7000
10.3 200 0, 20, 40, 60, 100, 200 7000
2.2.2 EARERFE

A EBEHLEEL 100 RiFFF, 4 20% NaClO ¥
RS 15 min, JCR/KMYES IR, R FREFRILA
e sEal b, BFRIRN. 52 RIFHGIiR%E, &
41115 do
2.2.3 HBEERGI

FEAFIREFEHLE R 100 K fp 7, T4 °C Tl H
3 d G s T e, BT8RN 5 o R A
ITRR, 1R B R 15978 30 d )5 DAL HSE R A7
TEARHEGT AR (%), WEARXWF:
30 dJi5 K R I (R A

L 1 F T FE

x 100% o

2.2.4 WREKXTIEHKENE
MR 2 58 5 5 B A1 (45 kL /7 &) 4 20% Na-
ClO AW F T 315 min, T KM SR, &A%

TMS(Murashige and Skoog)#; 7%k I, B T4 °C i
N TR, 3dEHEEE THEIRES, FHAKTI
Ja, BASAHAL (G9, Canon) R, FHHbs K45 & Image
J AR (RRIRE T AR K E).
NIRRT I E BRI S T (45 KL/ )
. sl FUOPRSRKNE LI E. BN
FeHs 2 22 °C By ) 0F M ARG 5 R kAT REDG Ab BE
FHRARKT dE, MG, H5 B AR 55N &

TR,
2.2.5 ZELER

LR SR 1 B b A QSR AR I 2 A b7 2 S DL
FHUF AR 60 d, RSERIART, BEASFIEREYLII 10
B BERRBYHL 3 DN GARIT R AR, Geih R R
iy %

2.3 KRGO

DA S0 4 542 3 U0, B8 R SPSS 17.0 #ifF
H1 Post-Hoc(Duncan) 47 4t i %24, LA P <0.05 4
BEMZE K BoRBEES Y P LSE”, FE)
ANERRZE A SRR . 1 Origin 8.0 HAF#HAT
IR 2

3 HRS5HR
3.1 TRLETHRET RIBH MBI HL LN
iy

Bl 1 RoR 12 AR LET (155K 255 5 48 R0 R I Fi
TR FE— RN 2R, 45 R xR k%
N 98.3%, ANEILET Wk B 1 o Bl A& 7 & 38 0, o
R EXIAH LA P BEAS, EIFARE. BIEEA
[ LET 098k & 7 R i s A E T, Fhr T kB
Wik, HBIRERSHN96.3%, 97.0%, 97.0%. XFMH
ANTE LET P 525 5 A 2 BEK FUL i 7 7 1 A 1A 5 M A
7Ne
3.2 AELETHIRE FRIESTIREITFEERMNSE

M)

HE 2 LA, WP HE NS0 Gy i, f£LET
50, 150, 200 keV /um % $ 25 14 T L 58 IF A7 5 R T
REMEER., EPFIEET 150 Gy i, FiEE2IH
T REES, BEA RSN R T AR E B A P A
[f: LET 150 f1 LET 200 keV /um 7£ 200 Gy %8 &} 57 &
AU, 7S5 ) 82.0% 1 88.0% S N BER] 17.0%
F11.0%; 1 LET 50 keV /um &5 25 2F T (4735 AL
H 94.0% FB&%)61.3%. LET 50 keV/um 7£ 500 Gy &
SR I, AR 94.0% FREF) 10.3% 4. Bk
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Al UL, B T R S PR AT R — o A
H, BHLETH#kE, F0fHfeR g™ E,

100} (a)
[ -
9 :\ﬁ”’%/fx\\\
6_ { |
® 92}
= —u— LET50
P I
E 88 1 " 1 " 1 . I M 1 " 1
5 0 100 200 300 400 500
2
e
E 100} : (b)
9L —o— LET 150
L —a— LET 200
88 il " 1 " 1 A 1 . 1

0 50 100 150 200
Dose /Gy

1 ANFELET 55K S 5 AU S0 I 1 A3 RS2 R

100
. —=—LET 50

R 80t ——LET 150
P . —+—LET 200
£ 60t
= |
-
S O40F
p -
=1 L
2]

20 F

0 1 L 1 " T 1 1 L 1

n 1
0 100 200 300 400 500
Dose/Gy

Bl 2 ANFILET B 8 T O S X UL R T 4730 2 ) 2

3.3 A RELETHIREFRIEST X HIEITIRICE T

oA

R S AR K 03 7 el i 2 375 T AL R B T
WA EERE 2 —, CREEhEEERRIEM. @il
HRAEA AT DA L3R 17K A TEWLERSSEP T, Ik
i ZE. K 3(a) - 4(a) 2 38R TR I TR
AR AR T d A AR R AL A B B AR 1 St
TR, SRR, AEILETRIBEES T 48 S R KA
PHIER, HAEFR 40T, ISR, MHfeE
g, LET#R, T4 B 30 A2 B AT 75 110 48 5 771
/N

AR E R A ZE R E . K 3(b)
B 4(b) 435l Bon TS EAEK 7 d R TT 4T T IR

RAMBAER ALK ES IR 457K, ELET
50, 150, 200 keV/um ) fe e R B4, TR
Ext AL 2 5 R B T 52.9%, 46.8%, 41.8%; fELET
50, 150 keV /pm T30 T Bk B8 1 S48 S RH0L RS I (1 R
B AN ¥ B A B B A E RS AN LET 206

ab cdefghijklmnopgq

K3 (TELERE) A FELETHIK S ¥ 5 458 50 0l 58 7 AR
K (a) & T W (b) 2R B4 AR 52 0
a~e/ HINLET 50 keV/pumBIXT I, 100, 200, 300F1500
Gy; f~k% 5 NLET 150 keV/umff) %t &, 20, 40, 60,
100f1200 Gy; l~q%r A NLET 200 keV/umif) %} 8, 20,
40, 60, 100F1200 Gy.

24

3 (a)
20 -

| —=—LET 50
16 L —o—LET 150

——LET 200

Root length/mm

Hypocotyl length/mm

0 100 200 300 400 500

Dose/Gy

K 4 AFLETHK S 7 HRES X ITR K () & TR
A (b) T ARk [ 5
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B, A 70 285 SR R AR LU T R o0t ik 25 - SR BE
UK. DU LET BISRARE 7206 50 EA L,
RE B TFFET 45.6%, 41.1%, 39.9%; 1 F A 5
BB T 9.1%, 8.2%, 0.6%.

3.4 AELETHREFRIESFHHETELER(E

RIEMFH) M

B YRR B € B A R AR HE T, N TR
BN [R] LET Bk 25 1 A4 S 0 RS I & 1 i s i), 3k B
IR AR 60 d IAEMREAT B R EM TR A, W
F2HH, ELET 50 keV/um 485 2645 F, BE%E G5
FUE RN, &R A R R T R A B
{HLET 4 150 1200 keV /pum I, 43 5 38R 75t 70 &
38 KT 2 IR D . 150 keV/ wm 58 56 2614 R e 7
B S P T BB R BRI T 57.7%, 200 keV /pm 55 5
AT B RO BRI 42.1%.

% 2 FELETHBETREHNIETSRIEH

FHBIFND
LET/(keV/um) Dose/Gy Seed number /silique

0 41.57+£1.17 a

100 34.934+2.45 b

200 39.33+2.32 b

50 300 36.23+2.97 b

500 32.80+£2.73 b

0 41.57£1.17 a

20 42.70£0.79 a

40 34.06+0.64 ¢

150 60 38.36+£0.31 b
100 22.20+1.41 d

200 17.57£0.51 e

0 41.57+£1.17 a

20 39.33+£1.24 b

40 32.63+£1.56 c

200 60 35.03£2.01 ¢
100 23.67£2.00 d

200 24.05+2.11 d

* RHEIBGIA R B RS & A B 2 18] 2 5 R (P < 0.05);
AR TR N & A B 2 (B ZE R AR (P > 0.05).

4 THE

8 TR AR5 20 A SR R A AR S, SRR
5 3 T A T R WA S T T AR Ak, SRS 3R —
Ry T AL A8 R b T 51 DNA [ 2025 6 7 S0 2R
(EAE, ERENS HEATRE SR (AL, A TR 05 R A4S
(9454 RS R A T R RE 1 R 1 2 214, s BTk
JA T B LETAR AT, T AL 31 RANI P — RIEF K425

Ak, DRI 32 A N T 2 M v SR A 5 A8 E A
FoRCE B, R E IR AR IR T
T FLE M E R, il %22 (Ethyl
methane sulfonate, EMS %), #EEAR (X, v HL5)
AV F B AR S5 077 ) 2 H S A ) 2 1 72
PEAE T KRS AR RIS AR 5 AR O vk A L A
IEMSi & s N 100, HEB N G-CoA-T 14
oy Xo ABHR AT IE P4 DNA [ 35 405 0] 52 AR 6 BE B
(1, AUARBE e, MR AN G o ik e sl TR
AR R B — BRR e 1) B O DNA 7 4148\ B4
PR B SEFE R A, AT R R RAE, B
TR AT, My T, EE TR EYR T
PR I AR RN LA LET S 3 w3 1080, R, &
BRI RN T — R A R

AHE T LA IF A oAR R, B T ANE LET
FRTR 5 1 SRR S ek ML AR b AR P 2 i b (B R A7
W, MK TIREKAE M) KW, DRk
i SR AL T R B S SHOR RN IRIE. &4 R LET
B B T AR S, FRSRIELE 0~ 100 Gy B, fR7E%
Toi A WS I EE 100 Gy, 1735 R 1
KRB, 1 HAE LET 50 keV/um 5 LET 150, 200
keV /um &5 %A F AL, LET 150, 200 keV/um {47
R R BRI T %, X4 %5 Shikazono %M )
TEAHL, X AT RE AL PR D 1 A S AL A A i B 1 B
M EL A U N, AR R I RN, T e 7
WU 2 BN o R 8, L v LT 8 S s ol P A 5 i
o AR FE RN Rl A R 1 ) = AR AR AR — 3
BT RN, ARAEE K22 TR, B
R PR AR AKX B B SRR A S RS, R A R
BN E, 2RIV EIR, 2FhT b E A
B re R HR AR AR KR A B R B 1 X O
T 73 A 2H 21 (apicalmeristem),  H1 22 AN JE AT 40 B 2H
LT B A2 T SRR SR R 2 2 A B4 200,
IX B ) T B A AR KRR B 2 B R, R
e R AR RS AR KT R 32 P g E S AL 5]
LI DNA #i4%5, W DNABE, mHE e REfmAa
RIERIMFRIE, AN 5 S0 b & P o2 2 s A4 R A
Je 5K ARSI BE A0 15 58 B 2R 4 21 =221 R R iR
I A KA R B 20X SR s Rk, it USRS 4
RSB . R 3P B R B AR A A, A )
#EF, LET 50 keV/pum 5 LET 150, 200 keV /pm 45
SR N AHLG, A E AR S R R M TR E R B
%, WMWLET REmElEEREL —, HFEME
T LET &7 w2 7™ B s i) AR 5
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IS R /B U S

%33 %

W PL BB gt, KOs LET %S9 e o +
T3 B 5343 T DA™ B I fE S AR KR AEBE, 50
keV /um fEIR 21 200 Gy 1300 Gy #RIR$ZIL - FIE
A, {H300 Gykb ¥4 By 2 I 0 A= B 45 45 22 KT 200
Gy. LN —5iFRE i b G 56 45 RIE B LET 50
keV /um HIEAEFZFIE 200 Gy, #EFE ML, I
SRELM2 RAARPE, ST & B B RB B KRR
W, IR AR BAE I RAS, W R AR E 1 SR R

AT AL AR, DU iR A LR 2R 8 1 SR A2 AL
biiiN
SEH -

[1] DU Yan. Mutation screening and mutagenic effects research
of carbon-ion irradiation on Arabidopsis thaliana[D]. Grad-
uate University of Chinese Academy of Sciences(Institute of
Modern Physics), 2015. (in Chinese)

(R, B 7 PR MR DL I SR AR AR i e Je VB 2R 2 Bt 78 (D).
R4 702 B (AR IEL I TR, 2015.)

[2) FENG Hui, LUO Shanwei, DU Yan, et al. Journal of Ra-
diation Research and Radiation Processing, 2016, 34(1):
10401.(in Chinese)

(5%, UR3EA1, AL, &5 AT AL SR T 2553k, 2016, 34(1):
10401.)

[3] WU Dali, HOU Suiwen, LI Wenjian. Nuclear Physics Review,
2008, 25(3): 287. (in Chinese)

(RARA, e, oCd. R T2 H e, 2008, 25(3): 287.)

[4] QU Ying, LI Wenjin, ZHOU Libin, et al. Nuclear Physics
Review, 2007, 24(4): 294. (in Chinese)

(th, 2ok, FDR, & 5 A BEEPES, 2007, 24(4): 294.)

[5] KIKUCHI S, SAITO Y, RYUTO H, et al. Mutation Re-
search/fundamental & Molecular Mechanisms of Mutagen-
esis, 2009, 669(1-2): 63.

[6] NAOYA S, YUKIHIKO Y, SATOSHI K, et al. Genetics,
2003, 163(4): 1449.

[7] ROMANO F, CIRRONE G A P, CUTTONE G, et al
Physics in Medicine & Biology, 2014, 59(12): 2863.

(8]

[15]

[16]

[17]

(18]

[19]

[20]

(21]

22]

BELLI M, CERA F, CHERUBINI R, et al. International
Journal of Radiation Biology, 1998, 74(4): 501.
GERWECK L E, KOZIN S V. Radiotherapy & Oncology
Journal of the European Society for Therapeutic Radiology
& Oncology, 1999, 50(2): 135.

SUZUKI M, KASE Y, KANAI T, et al. International Journal
of Radiation Biology, 1997, 72(5): 497.

MIZUHO A N, YOSHIYA F. J Radiat Res, 2013, 54(6):
1029.

KAZAMA Y, HIRANO T, SAITO H, et al. Bmc Plant Biol-
ogy, 2011, 11(1): 284.

HIRANO T, KAZAMA Y, OHBU S, et al. Mutation Re-
search/fundamental & Molecular Mechanisms of Mutagene-
sis, 2012, 735(1-2): 19.

ZHOU Libin, LI Wenjian, QU Ying, et al. Journal of Radia-
tion Research and Radiation Processing, 2007, 25(4): 232(in
Chinese)

(ARG, Zo0a, MF, & | 55N L2k, 2007,
25(4): 232.)

ATSUSHI T, NAOYA S, YOSHIHIRO H. J Radiat Res, 2010,
51(3): 223.

GREENE E /A, CODOMO C A, TAYLOR N E, et al. Ge-
netics, 2003, 164(2): 731.

KRYSAN P J, YOUNG J C, SUSSMAN M R. Plant Cell,
1999, 11(12): 2283.

ALONSO J M, STEPANOVA A N, LEISSE T J, et al. Sci-
ence, 2003, 301(5633): 653.

SHIKAZONO N, TANAKA A, KITAYAMA S, et al. Bio-
physik, 2002, 41(2): 159.

QIN H L, XUE J M, LAI J N, et al. Nuclear Instruments &
Methods in Physics Research, 2006, 245(1): 314.

QIAGN Weiya, TANG Hongguan, HOU Zongdong, et al.
Acta Ecologica Sinica, 2004, 24(4): 852.(in Chinese)
(YL, BT, FERER, % EAYIR, 2004, 24(4): 852.)
WEI Zengquan, XIE Hongmei, LIANG Jianping, et al. Nu-
clear Physics Review, 2003, 20(1): 38. (in Chinese)

(B3R, LM, Ro1F, %5 JHF &Y%, 2003, 20(1):
38.)



Ham WREEE4E: A FILETHRES 3 AR B UL T 5 ) 244G 0 s - 499 -

Research on Contemporary Damage Effects of Carbon
Ion Beams with Different LET Irradiation
on Dry Seeds of Arabidopsis thaliana

CHEN Yuze"?, DU Yan®?, YU Lixia®, LUO Shanwei>®, FENG Hui*?,
MU Jinhu?*®, SI Huaijun', LI Wenjian?, ZHOU Libin*>
(1. College of Life Science and Technology, Gansu Agricultural University, Lanzhou 703370, China;
2. Institute of Modern Physics, Chinese Academy of Sciences, Lanzhou 730000, China;
3. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: Aimed to study the biological effects of carbon ion beams with different linear energy transfer
(LET) values provided by Heavy Ion Research Facility in Lanzhou (HIRFL), dry seeds of Arabidopsis thaliana
(Columbia-WT) were irradiated and a series of biological effects of postembryonic development, such as survival
rate, primary root length, hypocotyls length and number of seeds per silique, were investigated. The results
showed that, under the radiation condition of the same LET value, the survival rate, root length, hypocotyls
length and number of seeds per silique were decreased with the increasing dose. In addition, under the radiation
conditions with different LET values, but same dose, the extent of the decline of the survival rate, root length,
hypocotyls length and number of seeds per silique were reinforced with the increasing LET. It was also found that
high LET radiations inhibited the subsequent growth and development of Arabidopsis thaliana severely. In brief,
it was suggested that the optimum dose of carbon ion beam with 50 keV /um value on Arabidopsis thaliana dry
seeds was 200 Gy. This research complemented the preliminary theoretical foundation for the comparative study
of the highest mutation efficiency of carbon ion beam irradiations at IMP, CAS(Institute of Modern Physics,
Chinese Academy of Sciences).

Key words: carbon ion beam; arabidopsis thaltana; linear energy transfer; irradiation
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