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Abstract: Heavy ion beam irradiation is an emerging radiation mutagenesis technology. Compared
with traditional radiation such as X-rays and gamma rays, heavy ion beam provides a high linear energy
transfer (LET) and relative biological effectiveness (RBE) . This technique induces mutations at a higher
rate and wider mutation spectrum. When irradiated, the sensitivity of different parts and developmental
stages of different plant materials varies. Radiation ion source commonly used is C, N, Ne etc. Through a
combination of tissue culture, materials processing, re-irradiation and genetic engineering, this approach
has been applied in more than 20 ornamental plants, including chrysanthemum, carnation, verbena, torenia
etc. Many novel mutations and varieties have been obtained, some of them have been commercialized with
large economic benefits. Heavy ion beam technology is an excellent tool to improve mutation breeding of
horticulture plants with high efficiency.
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FAERA KR PAL IS, linear energy transfer, LET) FIAIXTEH) 2~ %W, (relative biological
effectiveness, RBE), FLELALFEMERRN T X 4k, v 4k, T %% (Okamura et al., 2003;
Shikazono et al., 2003; J& Ak 4%, 2008). H & 7Rl I SHENEYARA, FIAEDM R
JR R A — R AR CER 95 4%, 2007), AR R X ORI = e, Wl 5 5 S a0V DNA
WrEd, Kz, MMARESBEE (Goodhead, 1995).

AR S PR A A S EORT- B, o LA R s HARTRIR, BB AL AN ) AR AR Ak
FFEmE B —ANT 2 A 7VE I (Shikazono et al., 2005), i y 5 2658 5 K GEIRTT HIRF kAL (1
A Ul R E RS S (Okamura et al., 2003), MI$E & ERRAEYFEASER . FEXHU
M7+ (Arabidopsis thaliana) 8K AR RO ORI, — PR MRS, 7B FHEKRK
DNA 8748, BiltnddAN - S0 Rk BEfesk (Shikazono etal., 2005). — A H8 1 HAE ™ A LA
KM DNA A2, ffiAN BALRUR T BER, iANE i425% (Tanaka & Hase, 2009). H A F &
TR I B ) A N H R A B H AR B S ST T RO P R R A Wit (Riken RI Beam
Factory); H AR T REN LR 1) i kg 27 N 9T B (Takasaki Ion Accelerators for Advanced Radiation
Application); H APV BRI 7T 0 1) 2 & R0 B e i &5 (Wakasa Wan Energy Research
Center Multi-purpose Accelerator with Synchrotron and Tandem); H [E 27 BEim AR EEF 57 BT (Institute
of Modern physics) FHE K B FAZ W) ET T 10 7 7 B 5 525 % (Laboratori Nazionali del Sud) %%,

1 SRS RS 5Tk

AR AT R i U P E IR R 22 57, RIVAEAS YR SRp LA R —RERR AR R R &
BrBCRI2S T I (Kazama etal., 2008; #h>%%3, 2008), H iy T & TGRS A RAE TFF. T
KRR~ 28, My Jeile. @A, AE/NET . ARIMIRSE, EA TR I S R U N -
AR > KEHI > 29 > WKWRFF > TFF (Abeetal., 2007, 2012; Kazama et al.,
2008,

— Mk, AR R BRI RTE G AL S EINRE ), R R EAR AR (G2
AR AE, 2007); HARMIAH LG TR I AMEAM RS OK EACT R 285 2, B S ORI AR Y v
12 (AR 55, 2007). HA —Lef4h, Flandefliz >k (Cyclamen persicum) Hr, LU @4
21, PRAN M RSE, MBS AR S R R e R (Sugiyama et al., 2008). L4546
(Chrysanthemum morifolium) 1, Flit AL, 4R SARIE S 455 AR IR e R R R T m e
SR, HEMIAE EAH DCIERIFE AL e b RIS BN TEER, IS5 5y K A48 5 (Hase etal., 2009).

HEATAR S BT A2 7R 234 C. N. O. Ne. Ar. Fe %5, HATHIWISTSE B Wos, &7 it
PR e T AERR T B IR RN, TR MR T AL e 4% i LET.  H iy N A2 (181U 2
W, W LET AE G 100 ~ 200 keV - um™ (Atsushi & Yoshihiro, 2010). 7 ERFE BEITAL
YIERESE BT R AE 0. B T AR I )1 %55 (Tagetes erecta). — 40 (Salvia splendens). %7z
(Petunia hybrida). K:##1¢ (Catharanthus roseus)- ¥4 j& 1t (Celosia cristata) [ F1 KNI {¢ (Dahlia
pinnata) [AEZF, K1 TR SR AR (IR 55, 2003; FRDR 45, 2008).

2 XM EADIE AL

XERLBRENT 5 A O A RS B E OB TER, Gl B AT 8 AR, S TR R .
BIUNERAT T R R ZR B IR 5 18 LU B D I3 A AR A, T X A AR AT 1 P
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S, AT M HARARE N RERE AL R 75 AR (Atsushi & Yoshihiro, 2010). 525 A4 5
Ja 1A 7T (Dianthus caryophyllus) FEARRILH T L X 52 4m EE 2 1916 (048 7 A2 (Okamura et
al., 2003), ML B F AR SO TIE20 (. PERRZL (0, A7 4 SURBE A I 2 4= R Pk (Okamura
etal., 2009). 7E HZE (Rosa) "1, 3R{F AL INHAEN . FEIEECE . AR/ DRI TE A R AR AR 1
PARKERK (Yamaguchi etal., 2003). 7EX 4 (Torenia fournieri) w1, ik B 7 ddE I 3543 T W 1E
AR A, — Rl Z A A B IR, O — Rl ARt R R ) I K A T 278 (Miyazaki et al., 2006)

R, XTVFZ RN, AEMEREREER . — 7 TR I e 25 Cm M K Ae ], 5
—J7 I HEPEANE PR AR AS 2 T8 I ok L AL 8 1) AR A5 (Sugiyama et al., 2008). 322
(Verbena hybrida) £8id i &1 W ) 5 e D 73 B H AN B A8 44 “ Temari Bright Pink”, JEtHH F
551 ANl E T AR S B IRA B A A, 7E 2002 SEREZFHENT LY (Kazama etal., 2008).
UbAh,  HT ARSI E R, IO T S MR R ORI AR AR e I AR
H AT e T B4R S A AR 5 R W3R 1.

®1 EETREHUAEBNRSHERER

Table1 Mutant lines developed in various ornamentals using heavy ion beam breeding

it AL R e IE 53

Ty YRR . PAFRAL K EE BTN
. Irradiated Ton-beam and . .
No. Plants species . . Mutation induction References
materials physical parameters
1 42> Petunia hybrida ‘Kirin Bk 2O (320 MeV)  FECM BB . FEIEH AN A 440 Okamura et al.,
Hana-Saka Rose’ In vitro buds BERUAZ SRR Flower color 2009
mutants with pink, cherry, minute
striped white, and spotted petals
2 %7521 Pentunia hybrida b ZiN ] 206" (320 MeV)  HEBIELL. 4. WM. H. W Haseetal., 2009,
‘BBss11’ Seedlings ARG EA A Mutants of - 2010
magenta, purple, light pink, white,
blue picotee and burgundy flowers
3 EL PG/ AT Tradescantia AR A PC (958 MeV - u) BRFL TEEEER. e, AN Heetal, 2011
fluminensis Growing points A SeAEAK  Mutant with color leaves,
of shoots purple stalk, cholorophyll-deficient
calyces and light pink flower
4 K¢ Dahlia ‘Miharu’ (/053 YN (135 MeV - u) EEEHE . A, BHASERITERAES Abeetal., 2005
Shoots F ARk Flower color mutants
(dark pink, pale pink and pink-white
etc.) and flower diameter mutants
5 KT 4% Dahlia spp. AR ALK PCT (320 MeV) et JEIEAER KBS HEE  Mutants Uyama et al., 2012
Tissue-cultured on flower color and flower shape
shoots
6 K HEFL Delphinium ‘Monoka’ T PC% (320 MeV)  AefiRBE. 4IBE. SRy, EF/NMEM Chinoneetal.,
Leaf ZFUEA A ST HEME Flower color  2009; Kitamura et
mutants (light pink, red pink and yellow al., 2010
pink), mutant with increased number of
spikes and dwarf mutant
7 #9711t Dendrobium crumenatum  J5iEk=E PCT(320MeV) AR, FEREAE KN RATk Affrida et al., 2008
Protocorm-like Mutants with large flowers, a longer
bodies flower stalk
8 BT 'H 4 Sandersonia aurantiaca T “N(28.5keV - pm™) [H{bAE AR Albino mutant plants  Horita et al., 2002;
Dry seeds Mohan Jain, 2006
Abe et al., 2012
9 %41 Chrysanthemum morifolium k1 % (320 MeV) Bk AETB. qefh. EA /MRS, Affridaetal.,
‘Reagan Red’ Ray floret MR 25848 Mutants on plant  2010; Shakinah et

height, flower shape, flower color, al., 2011
number of flower bud and flower size,
leaf color and shape
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No. Plants species Irradu.ited fon-beam and physical Mutation induction References
materials parameters
10 Ak MR PCT (220 MeV); R FIFERUIR A AL SRR Ueno etal., 2003
Chrysanthemum ‘Jimba’ Leaves 12C6* (320 MeV) Mutants with few axillary buds, low
temperature flowering trait
11 %1t Chrysanthemum ‘Jimba’ W PO (220 MeV);  IRZFN> HAERHEL T AR JFAEMZE Ueno etal., 2004
LRI AR < Aladdin’ Leaves 12C (320 MeV) SEHEPE Mutants with few axillary
few axillary buds mutant flower buds and low temperature
‘Aladdin’ induced from flowering
Chrysanthemum ‘Jimba’
12 e BARREZE P (320 MeV) ASSE B BUIGHL TFIFAE I ZE A Asami etal.,
Chrysanthemum ‘Hakusui’ In vitro buds Pk Mutants with less adventitious 2010; Hase et al.,
buds, no flowering delay under low 2011
temperature condition
13 WA A I pacl BEFISE  HHY 12C (320 MeV) TORAEHN . Bk MR, AR Okamuraetal.,
Dendranthema grandiflora Leaf segments ZEAR S ML Pale pink, dark pink, 2008
agrobacterium-mediated trangenic salmon, white and yellow etc. ray
chrysanthemum florets mutants
14 Eapia s 1205 (220 MeV) TORIEIRAL . KA. B4, 404, 40 Furutani et al.,
Chrysanthemum morifolium Leaf segments I, AT ZUARRR AL S At 2008; Matsumura
‘H13’ Floret color mutants ( dark-red ,  etal., 2010
vermilion, pink, white-red, white-red
double blooms), and mutant with T
type of flower cluster
15 %§4% Chrysanthemum morifolium 5k 1E 12C (220 MeV) &R AE ORI 9k 3 1 Z 5 M Ak Matsumura et al.,
‘Shiroyamate’ Ray florets Yellow and pale yellow ray florets 2010
mutants
16 Eupia ZEWHIRZE 2C (220 MeV) e by M A T R, FE. Yamaguchi et al.,
Chrysanthemum morifolium Nodes with WH . MR Mutants 2009
‘Taihei’ axillary buds with pale pink, deep pink, white,
yellow, pale yellow, orange, deep
orange and red flowers
17 iR 34 Osteospermum ‘Mother /4 203 (220 MeV); T W TR, BEMHI%  Tizuka et al., 2006
Symphony’ Leaf segments  '>C®" (320 MeV) A AL Flower color mutants
(white, cream, deep yellow and
orange), dwarf mutants and variegated
leaf mutants
18 i AR%4 Osteospermum ‘Mother I )5 PO (220 MeV); B FIE. HHE. RGN Tizuka et al., 2008
Symphony’ £ ¥4 S 74 Leaf section 12C6* (320 MeV) A5 Sk White purple and light
£ OM7  OM7 induced from bitter orange flower mutants, and
radiated mutants Osteospermum mutant with light yellow in the back
‘Mother Symphony’ side of the petal
19 AR 441575 #k Osteospermum - PCT (220 MeVD;  fEASHI L el W HTEAIFE Okada etal,, 2009
‘Mother Symphony’ OM7 T/ B Leaf sections  '>C*" (320 MeV) WO SE M AR S HLBE Flower
FHas A AR OM706 color mutants with yellowish white,
OM?706 induced from re-irradiated whitish light orange , whitish light
mutants Osteospermum  ‘Mother yellow, and lighter yellow in the back
Symphony’ OM7 side of the petal
20 By 5 Tricyrtis hirta WHHFELH 2C (135 MeV - u) AL B, A R/NFIERAL ) Nakano et al.,
R @i 412 Fikk  Mutants on dwarf, leaf shape, 2010a
Embryogenic flower number and flower size
calluses
induced from
tepals
21 S 4P Verbena x hybrida FHMAESE BN (1.89 GeV) TR 2 . TR K. NH AR Kanaya etal.,
‘Temari Sakura’, ‘Temari Coral Z1ZR[)ZE7T FEkE  Mutants with a large number of 2008
Pink’ Nodes inflorescences, better longevity, and
containing sterile trait
lateral

meristems
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No. Plants species II‘I‘adlE.lth fon-beam and physical Mutation induction References
materials parameters
22 K% Pelargonium “Splendide” 2575 LMK 2C (23 keV - um™) RS KM EYEART % Sugiyama et al.,
# A5 f Bk Male sterile mutants 2005; Mohan
Stem node lacked pollen-producing ability Jain, 2006; Abe
containing a etal., 2012
single axillary
bud
23 X ¥ Torenia ‘ Summer Wave HALHA N (135MeV-u'); AR, 3. WM AR AN Miyazaki et al.,
Blue’ S PNe (135MeV-u')  SFHEEE  Pale blue, blue, pale pink 2006
YOS and pink flower mutants
Leaf tissue
and stem
internodes
without lateral
meristems
24 HEREILR (CHS M DFR) & 4Uit A PC (1.62 GeV): TEOTRA, Bl HKOEATE  Sasakietal.,
ES Leaf disks *Ne (2.70 GeV) MBI PR WIIRFEARTHL 2008
Torenia fournieri ‘Crown Violet”  from in vitro ¥k Flower color and coloration
and transgenic lines plants pattern mutants ( tone-shifted ,
bordered , streaked etc.), petal
shape and corolla divergence
mutants (rounded, wavy, fringed
ete.)
25 fili% 3k Cyclamen persicum RN 2C (1,62 GeV) TR LA A4S, 4 Sugiyamaetal.,
‘Fragrance Mini’ HeZX Tubers LEERICMTERAL A i 2008
of plantlets Erik KHEYEA B HIE  Chimeric
induced from mutants on flower color (reddish
somatic purple, striped pattern of white-
embryos purple)and petal forming, and male
sterile mutants
26 fili%52k Cyclamen persicum x C.  Fhr4liKs  '>C* (320 MeV) AELTER (0 (1A SR R Kondo et al.,
purpurascens ‘Kaori-no-mai’ P E by Red-purple flowers mutant 2009, 2010
A4
Etiolated
petioles
induced from
germinated
seedlings
(kept in
dark)
27 4177 Dianthus caryophyllus - 12C% (220 MeV) TELT TR by K. 3. X Okamuraetal.,
“Vital’ Leaf segments . ZOUEREI AR, HZE 2003
WG AZ S A Flower color
mutants (red, dark pink, pink, light
pink, yellow, bi-colored, striped)
and flower shape mutants ( Dianthus
type and rose type)
28 -B34T Salvia splendens T 2C8* (80.55 MeV - u') WAL (A LT (5 48 238 SR bk Wuetal., 2009
Dry seeds Dark red and fresh red flower color
mutants
29 HZE Rosa ‘Orange Rosamini’ AUERIMZE 2C (220 MeV) O TEINEEH . R4, {2 Yamaguchi et
ki L FEAERAN MFERURAEAR R al., 2003
Stems in vitro i) % AF & Mutants on flower
culture color (intense flower color and
reddish flower), petals number,
flower size and flower shape
30 JEWH4 B 2% Saintpaulia ionahta & 12C (960 MeV) A T SRk S A Zhou et al., 2006

‘Mauve’, ‘Indikon’

Young leaves

Chlorophyll deficiency mutants
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3 HHASRME S

h T v H R (5 AR SR FIAGE I, 5 SR T2 1 IR S R S HAB BRI ZE &

—RMBIEFEA . TR FHE R, KA A 73 BRI 2 AL AR 3R AT & R B A 2
Z— (L&A 5, 2007). TR S A AL UG TR RS AT UKD SRR AT I S IRk,
LR AT 28 S AR s REGHE, A AR INIE T B s FliRE i (Okamura et al., 2003; Zhou etal., 2006;
Sugiyama et al., 2008; Matsumura et al., 2010; Nakano etal., 2010b). [FJi i T £ B L FE LM
ZH 7 ATY S, EE TR S AT AR T F B R AR 4, 2008),
FEREE [ 208 At AT ) RE R R R .

TSR BRI o PR S DRLR B 4 R T A R R A A R H AR PRI S AR A . 5]
WK I e e B RERHVA O TR A B R NN RAT U B, WL B EF R SRR, e
SRR AR % (Haraetal., 2003; Hase etal., 2010).

SR AR EOR o X SARARBEAT & 1 AR LASRAS R 1A R (Yamaguchi et
al., 2003; lizukaetal., 2008). Bf1k T ERAFAL A O TFRAEHI IR SG, R U5 A MARIEAT 2 I 2 ¥
FU4ES (Okadaetal., 2009).

VU BEDR TREROAR o S 8 1 RO SN B AR SR BT K S AR AR S, o] DLad ik DY R R R 384
BTEE o A G R T R TR AU R T SR R T 2 AR, BUERAN B RARAK uvil A uvid )
B E T AHISEIED (Tanaka etal., 2002; Haseetal., 2006); MAET R E ast RAFKDLAL H R =
tt19 AR IS T H# AR [R] (Tanaka et al., 1997; Kitamura etal., 2004); M%R A IR AE D FrZEE
Jr I RAAR frilll 345 T 5 %R YA G HIFE 4% (Hase et al., 2000, 2005).

4 TwehHEH

[ AR BRI, B PR E M AE B RYCE T &, FRE R S e
PEETHEOR, RHHRS G M BIEAT AR RS . G E MRS e 5, R HA U RPERA s, 465
T BRI . AR S AR A A A L . AR AN, T A KR AR
MR ATIR S HITER 2, WS R T mAE (FE4K, 20000; PALAERMEAS, AR KR
R AF AR [ A8 S A AR S5 Ol PRI (Kondo et al., 2008; Sasakietal., 2008). Ak, #ES7IEZ b
B T XM BB AR SR A P bh, WY AR KK E A P, ) ik B 1 O A A
( Dendrobium mirbellianum) J&4E K+ 2818 (Affrida et al., 2008); LUK —H3 21 (A6 (0 58 AR A AE it
A AR Bz 20, AT AEN G5 S ERAAET N (Wuetal., 2009). 22581 ARG 5,
E R R PE R AR B A KA 20 1A, AR AT B S N B SR AR T s 4 R A A
(I4EK: (Nakano etal., 2010b). Rt—BOEPAX BRI FIE, BARENHELE, UASK
MY AERAG W RAPH . SRS, SRR AR 8 i S B 7 A IR L. PR SN
TS
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