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ABSTRACT Effects of the heavy-ion (]4N or 20Ne) beam irradiation on the response of anthers, growth of calli,
germination of seeds, and the early growth after the germination of tobacco (Nicotiana tabacum L. cv. BY-4) were
irvestigated. Anthers precultured for 10 days before the irradiation became brown without callus or shoot induction
cver 20 Gy of "N and ®Ne ion beam irradiation. Relative growth rate of the cultured calli was reduced by the
ir-adiation and became brown significantly 2 weeks after the "N and ®Ne ion beam irradiation over 50 Gy. The
ircreased intensity of the heavy-ion (14N, 20Ne) beam irradiation resulted in the delay of seed germination and the
inhibition of the early growth both in water-treated and non-treated seeds before the irradiation. In addition, the
heavy-ion beam irradiation to the imbibed seeds inhibited seed germination more than that to the non-imbibed
s2eds. The screening approach of non-imbibed seeds with heavy-ion beam irradiation using in vitro culture system
was more useful than the filter-paper germination method in investigating the characteristics of heavy-ion beam-
iradiated seed population and the screening of morphological variants at the early stage of the plant growth.
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oA XA, Y3 22 AP S o) &3t 7R Sl
7F 85537 Y}t (Kim et al. 1996, 1998; Ling et al. 1991;
Lee et al. 1996, 1998a; Nakamura and Hattori 1997; Song et
al. 1999; Wang et al. 1988). 1&j11, %OIQ beam S ©}&3
AT oFy ZHAQ Wilo] gtk FoI2S Fas UEH
o mAe e AREE HAEAS mo}oq e
A F cfol2st g g AW, Fol

7] (cycrotron) el 4] ‘6‘01‘\9:% F&o7 7}‘%‘5}04 J%

_LE]_L Ak (Abe et al. 1996, 1997a, 1997b; Iwai et al.
1999; Yatagai and Hanaoka 1994). 3] Z0]& beam> &
Aol 9ot AlEe] 2do] 7hgsly A4 Age A{E
o] & 4 glom, 71ES] AR (0] beam) ZAte| HlE] &
FEFZNA A AZZE 47 Wz AEele] HEHert
W Aol A AeF UER|L Utk (Abe et al. 19974,
1997b; Yatagi and Hanaoka 1994).

AF7HA B Aol 0] beam AL AFEE
& o]&3 A (Shikazono et al. 1998; Yatagai and Hanaoka
1994)3} 54 - 579719) WA Fol) Fo)& beam A}
o] IRlze] FelH WolAE Feshke AT (Abe et al.
1996, 1997a, 1997b) X wlFFQ) oF e sHLol e F&
£ B7) 938l yd (Hasegawa et al. 1995) == ©]2 beam
(Hamada et al. 1999; Nishimura et al. 1997)& o] &3}a} ¥
oA E FLdt At BRIHAG. o]g o] WAL HEE
o] 48 EdolA o e AFE v o] EuEou
ol beamZ ©| &3 ATFE obF A GAEA Ao
2 ERE HAE Bt ST EHA ol %
o] & °3}‘4

R e 71141‘3*]/‘1 Fae gulel oz Aejs, Ta
%—1}01] Zol2 (N, “Ne) beamS ZAlste m|ZA Q] &
ok A% YA WS A B sl £ )

2%9) 712 AR dtd 2HS 7 ok

Rz}

Hle

B A AM-H XNEAZEE = 9l (Nicotiana tabacum
L)BY-4 59 o, Aejs, TAE 47 ARt

SOl beam$ ZA}sE7] 93 ko] FHlE B EAE
FAA sted 2717F A3 ASE HEHOE A UTH
Rl dE L T3t AR FIRD £ A7) 12
~15 mm9] 2L 2% calcium hypochlorite €8x 1027}
14 e Iase 43 ARG BALET sl
213k 2k 2 mg/L 1AAS} | mg/L kinetin ¥ 30 g/L su-

Hﬁu

crose$} 0.6% 3Hd0) A7}E Nakata and Kurihara (1972) v)

o] 20704 3ukE-0 2 XAk 27 6cm, 0] 0.6 em2] ARglol
A 1097F vleFet & Fol& beams AT (Hasegawa
et al. 1995; Oh et al. 1994).

Aeiae elA Wob & 55N AEA AL 5mm'E
Ahstad, 1.0 mg/L NAASH 0.1 mg/L BAP7} 34 3719
MS ¥}#] (Murashige and Skoog 1962)¢)) ksl M AE
FEILT. Fol2 beam ZAN] Sleld Welag 4F
24402 23 Ahujek 3L7 beam FA} 159 Ho A2
WlAjol ol4lshgick el A4S 47 9 em, o) 15 eme)
Al 1) % 57 0.6~08 cme] AR2E 16704 Aeln
3 A sen
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AZAF|Z 4ColA dFU7h AA g T8l Axe] —‘*Z}
2 beam ZA} o 24 |7 Aol FE-L FFNT BA9 F
Ao e 242 Fesk 2 ARHSIY, e 15
sugar, 0.8% 3Hd-2 Zt7 X35k 1/2 MS wiA & £33 Al
170 & 10094 =4+ 3k o) vjeke 25+1°C< 80 umol -
m? 5o g2 sl Wit
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Qi oj3tAd LA (F195)9 ring cycrotron A& (RRC)
S ol g3le] ok F9) oz A, 19T Eap) N3}
®Ne (135 MeV/u) o]& beamg 7}z ZA}EHLh S0l L
beam?] HFAZF L FA} PEe] AL B Fpzlo] o]u]
wgst A% A3} (Abe et al. 1996, 1997b; Bae et al. 1996,
1998)2 #v 2 sl 3tk o 2AR= "N *Ne (135
MeV/u) 0] beam< 0, 10, 20, 50, 100 Gy &, A~ ZA}
= 0,5, 10, 20, 50 Gy, 2% 0, 5, 10, 20, 50, 100, =
200 GyE 3t3th o] beame A A EA = 25+1°C
o) iAol A 80 pmol - m” - s” 3 ol Al W gL
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Zn o nE
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=
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At} (Figure 1, Figure 2A). 121}, 20 Gy o]} A&l A

N3} PNe o] 9] Efo| @Al ZE ko] TR
g, o1&} 72 AR A7 g F59] @yl (Nicotiana
sacum L. cv. XanthD) A& JeERT (A5 HAA).
imada £ (1999)2 2o ok AEE 3le] He o]
camg 50 Gy o4 Aol A ZAM] ek gol A whg-ol
201} C o]& beam ZAMAE 25 Gy 2 200 Gy A&k
16.3% 9} 5.8%2] ¥h3-2 vehlo] Mgl whe} o] Hhe
22 o2 Ao g JEepdth 3 Hasegawa 5 (1995)
o] ko] yAE ZALsH] 2.5 Gy Mgl AR
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Qa7 by, ZRF, 242, AEANFAN FEoldE W
EpllE HolA 7} 28.6%71A] Lolag BEsdH & 47
A AEst A F Fehol S B AEANZI} of 3%
Z oA B WA Jehd AE BFAIE HEAe] 2
7) AEgE A3 ARl Aol e o)l 2 AT
oo 3 Asfely] fiolth 919 2AE FHE W
o] ool 20 Gy olate] AAFHY] Fol beams TAFES
EA Wola &S TuAZ AoE Azkdnh

Z0|2 beam0| Zi2{A AUKO|| D|R|= HEF

Aok = 79s)e] B2 N7} “Ne o] beam< 0
~50 Gy7HA] Ztzh ZAVE & 79RIsh 149A ) AF5HE 2
AbataTt (Table 1). Nt *Ne 0]& beam 2F Agko] Z7}
2 AAZ| vl Aelse] A EE (RGR)O) 7k
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Figure 1. Effect of various intensities of the heavy-ion ('4N or 2ONe) beam irradiation on callus and shoot induction from anthers of tobacco
(:“icotiana tabacum L. cv. BY-4) at 4 weeks after the irradiation. Twenty anthers were precultured for 10 days before the heavy-ion beam
ir-adiazion.
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Table 1. Effect of various intensities of the heavy-ion (MN, 2ONe) Table 2. Effect of various intensities of the heavy-ion (ZONe) beam
beam irradiation on fresh weight of calli from leaves of tobacco on germination rate of tobacco (Nicotiana tabacum L. cv. BY-4)
(Nicotiana tabacum L. cv. BY-4). seeds without water treatment before irradiation”.
Gy Fresh weight of callus (mg)* Time ¢ Gyb 5 Gy 10Gy 20Gy S0Gy 100Gy
Mutagen (135 Me RGR! ¢ q
Vi) 0 dayb 7 days 14 daysc 0 day 0.0 0.0 0.0 0.0 0.0 0.0
. 0.0 .0 0.0 0 0. X
0 318+ 31 73071 978 +90 3.0 25:;1}’ 250 123 178 125 3(7) 88
S 24019 477E 34 617446 25 Tsdy 863 923  Ol4 854 &9 17
"N 10 332 +£20 594+33 7i11+36 20 ’ ) ’ ’ ) ’ ’

10 day 959 958
15 day 961 965
20 day 961 965

20 264 £22 43037 50747 19
50 2718 £24 42136 S09+40 18

0 220 +£20 445+50 629+ 75 28 25 day 96.1 96.5
5 27+6 404+16 58818 23 30 day 96.1  96.5
ONe 10 280+ 10 481 £20 61723 21

95.0 923 93.9 974
96.4 94.0 96.9 99.1
96.4 94.0 96.9 99.1
96.4 94.0 96.9 99.1
96.4 94.0 96.9 99.1

20 279 £ 18 438 +27 539+36 19

50 327 +£34 474+43 594 +51 138 .
germinated.

“Twenty calli cultured on Murashige and Skoog (1962) medium

“Seeds produced fully expended cotyledons were considered to be

®lrradiation intensity of *Ne ion beam (135 MeV/u).

[ 2 . . ..
containing 1.0 mg/L. NAA and 0.1 mg/L BAP were collected for The day after *'Ne ion beam irradiation.

data analysis. Data presented are means of 3 replications with SE.
‘Relative growth rate; c/b.

Figure 2. Effect of the heavy-ion ('4N or 20Ne) beam irradiation on the responses of anthers (A),
calli (C), germination pattern of seeds (D, E), and an anther derived variant (B) of tobacco
(Nicotiana tabacum L. cv. BY-4). A, Callus and shoot induction of anthers with "N ion beam
irradiation; B, An anther derived variant showing multiple leaves with “N ion beam irradiation; C,
Calli cultured for 2 weeks after 50 Gy of "N ion beam irradiation; D, Germination pattern of dired
seeds cultured on the filter papers; E, Germination pattern of seeds cultured on in vitro. Seeds were
irradiated with *Ne ion beams at 24 hr after water treatment (E).

“The rate of germination (%).
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Table 3. Effect of various intensities of the heavy-ion (ZONe) beam
on germination rate of tobacco (Nicotiana tabacum L. cv. BY-4)
seeds with water treatment 24 hr before irradiation”.

Time 0 Gyb 5Gy 10Gy 20Gy 50Gy 100Gy

dayt 0o 00 0.0 0.0 0.0 0.0
*5day 0.0 0.0 0.0 0.0 0.0 0.0
< day 17 0.0 0.0 0.0 0.0 0.0
- 5.day 974 980 904 5238 0.0 0.0

1) day 9901 990 965 841 364 07
1< day 991 990 973 949 875 354
20 day 991 990 982 981 956 588
2 day 9.0 990 982 981 956 758
3 day 9.1 990 982 981 956 758

*S-eds produced fully expended cotyledons were considered to be
gerrirated.

*[radiation intensity of “’Ne ion beam (135 MeV/u).

“T'e day after “’Ne ion beam irradiation.

“The rate of germination (%).

Table 4. Effect of various intensities of the heavy-ion (14N) beam on
germination rate of tobacco (Nicotiana tabacum L. cv. BY-4) seeds
w -h water treatment 24 hr before irradiation”.

Time 0Gy" 5Gy 10Gy 20Gy 50Gy 100Gy
T dayf 0.0° 00 0.0 0.0 0.0 0.0
2.5 day 0.0 0.0 0.0 0.0 0.0 0.0
5 doy 0.0 0.9 0.0 0.0 0.0 0.0
"5 day 8.2 58 895 731 513 0.0

1) day 87.6 97.5 96.3 919 92.6 35
15 day 97.6 97.5 96.3 94.6 97.2 21.2
2 day 97.6 97.5 96.3 979 98.1 373
235 day 97.6 97.5 96.3 97.9 98.1 38.7
») day 97.6 97.5 96.3 97.9 98.1 387

*eeds produced fully expended cotyledons were considered to be
germinated.

®l-radiation intensity of "N ion beam (135 MeV/u).

“T'he day after "*N ion beam irradiation.

4 he rzte of germination (%).

“able 2), ’Ne 0)& beam ZA} & 7597 E FAP o)
- 7}8-5 8 wolgo] Ao, thaT7E A delske
15l o} T= A|7ko] AEeE BE A Fol|A] wolE2
- 3t9h zpol7k IATh ol Fold beamo| X7l ol
oAF|E Ao2 W, wol Fok 3F T AFS £
-3 A3, wolx e wet AR AA A=At (Figure
3, 3 N o] & beam& AZRER0] 2AVG ALE 4719
Nz 0] beam H2|T9t FALS AES LR 7] wEo] £
1to) data AAIEA gkek

2012 beam A} 24 A7 A FES AT FAE
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A5 “Nest "“N 0]& beam ZAFE EF 100 Gy ol/d<] Al
oA wolrl A o FoixA gtk 53 “Ne wrt
"N o] beamg 100 Gy o4 ZAFIE S o) doleiA|7h 4
a7 Hol “N o]& beamo] MTINE 309 Fl%E o
38.7%9] wolg Tt HoFEQth olite]l A#E AHEH Fol
2 beams] 7 2 A A7lo) wt FApolel FIAE
Agpo] Aolzt Yo, So) FEY AL SR FFHF
o) 79 TAY Aol W 5ol beamol T Wope]
A &3} 2 A0 Jugeh olgfd 29l e B
WEAT SRo| T4E FAolM wold] A ANTA
g70) Z7}ste Al7lol ol beam A7} wl$ WA
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we 75s} Besitiy AzE. gebd B arass
2351 Z2HdA FES AP § TS DAk W
o] delolA o] EFHAHY ZOE HAY 1
Shikazono (1998)= Z0]& beamo] A2k A, A2y
ot opjal AMo|uR| %o (linear energy transfer, LET) &l
s FARE Fol7t YntT BIEAK7) W) FF
LET%o] w2 wole| AEs} BRsirty 47t

M2 o E oo

=

wotEl ol £7| Mo 0jxl= S&

B9 271430 MRNE AL ZAR] H8lM F
Ao ZFol& beamS ARG F 219 NASY 2HE
33 A7 (Figure 3A, B), A% 2 $#9] Ag] of o o
Aglol Mo Z74gtel wal 24 #A Jepth £EE
A TS Fo|2 beam ZALE FAXNE ZHo] B
A AAHUTL (Figure 3A), 80 A2 Rl A
] “N Bok= “Ne o] beamolA A A=) 53]

2 Aa)ake] “Ne 0]& ZAA] 20 Gy olAdlMe B
1730] 7o) Yolux| ergret. Tk AXFE F5e] A o
o Al N Bk “Ne o] & beamoll X ZA| AAH
3, Aol Z7kgko] we} hagoel PNe o] beam ZAIA
50 Gy o]4}, "N o] beam ZAM] 100 Gy o4 AgolA A
37 JAH ATt (Figure 3C, D). 82 A2 o Fol&
beamS ZAF FoAE AlxAo] HS JA|E S (Figure
3C), 50 Gy o1 A A TANE HEo] BAGle) Al
Aol wel $283e] Aol Esaly Az st
FAVSG v, A9 S T Q5 AE76] 2 Aolrt
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Z 2§ T 3FA 402 2ASAT, FES AT F Z
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Figure 3. Effect of various intensities of the heavy-ion (MN or 20Ne) beam irradiation on the root length (A, B), and shoot length (C, D) of
tobacco (Nicotiana tabacum L. cv. BY-4) after 3 weeks culture of irradiation. A and C: Water treatment; B and D: Non-water treatment.
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