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ABSTRACT: Chrysanthemum (Dendranthema grandiflorum (Ramal.) Kitam.) is among the more popular and
economically important flower. Because of an attractive flower with good form, colorful flowers, easy to grow and
can bloom all year, it is often used in landscaping. Therefore, need to be breeding regularly to introduce interesting
new cultivars that are attractive to consumers and are more resilient to changing climatic conditions. In this study,
gamma radiation was used to induce mutations in C. morifolium. First, cuttings incubated on MS medium in tissue
culture for 30 days, were irradiated with acute doses of gamma radiation at 0, 25 and 50 grays in order to select the
appropriate dose that resulted in 50% lethality/50% survival (the LD50). It was found that gamma radiation at 22.5
grays gave the desired result. Cuttings of five chrysanthemum varieties, CH-09, CH-67, JP-01, JP-02 and JP-04, were
irradiated at 20 grays of gamma radiation and the survival rate was 100%. The irradiated plants of cultivar CH-09 and
CH-67 grew significantly taller than control plants, and irradiated plants of cultivar JP-04 had significantly more
branches than others. At flowering stage, mutations were only observed in cultivar CH-09. Three new mutations
were selected: 1) TISTR - TNTO1, a bicolor chrysanthemum with yellow inner petals surrounded by pale pink to
white outer petals, 2) TISTR - TINT02, with yellow inner petals, a middle section of light pink with yellow rimmed
petals and an outer rim of light pink petals, and 3) TISTR - TINT03, which was a more distinctive tricolor flower with
yellow inner petals, and a lighter yellow to white section of middle petals, surrounded by an outer rim of pink
petals. These findings reinforce the notion that gamma radiation is an effective technique for inducing mutations in
chrysanthemum.

Keywords: Chrysanthemum morifolium; eamma ray; breeding
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Figure 1 The survival of in vitro chrysanthemum plants and LDs, after irradiation with gamma ray and cultured on

MS medium for 30 days
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Figure 2 In vitro chrysanthemum 5 cultivar at 30 days: (1) control; (2) irradiation with 20 Gy; (3) irradiation with 50
Gy; (a) CH-09 strain; (b) CH-67 strain; (c) JP-01 strain; (d) JP-02 strain and (e) JP-04 strain
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Table 1 Survival rate and growth rate of 5 cultivars of in vitro chrysanthemum at 30 days after gamma irradiation

) Gamma ray  Survival plants  Stem height Node number New shoot Number of leaves
Cultivar dose (Gy) (%) (cm) (Node/plant) growth (cm) (leaf/plant)
CH-09 Control 100.00+0.00° 1.44+0.15° 2.33+0.00 1.33+0.58 4.67+0.58°
20 100.000.00° 1.92+0.25° 2.67+1.15 1.33+0.58 5.00+0.73°
50 75.00+2.50° 1.03+0.14° 2.00+0.58 1.00+0.00 2.00+1.00°
F-test ** ** ns ns **
CV. (%) 7.87 12.91 30.49 38.57 30.9
CH-67 Control 100.00+0.00°  1.34+0.20% 2.67+0.58 1.00+0.00 5.33+1.15°
20 100.000.00° 1.76+0.22° 3.67+0.58 1.00+0.00 4.67+0.58°
50 76.67+2.89° 1.17+0.20° 2.33+0.58 1.000.00 2.67+0.58°
F-test ** ** ns ns **
CV. (%) 1.81 19.17 23.62 0.00 19.34
JP-01 Control 100.000.00° 1.68+2.17° 3.67+0.58° 1.33+0.58 7.00+1.00°
20 100.000.00° 1.30+1.04° 2.33+0.58° 1.33+0.58 8.33+1.15°
50 62.50+12.5° 0.94+6.01° 2.00+0.00° 1.33+0.60 3.33+1.15°
Ftest o o o s .
CV. (%) 8.25 28.59 17.68 38.57 1.77
JP-02 Control 100.00+0.00° 1.58+0.16° 3.67+0.58° 2.00+1.00° 6.67+3.06°
20 100.000.00° 1.19+0.40° 3.00+0.00° 1.67+0.00%° 8.00+0.00°
50 0.00+0.00° 0.00+0.00° 0.00+0.00° 0.00+0.00° 0.00+0.00°
Ftest o o o x .
CV. (%) 0.00 27.2 15.00 72.16 36.08
JP-04 Control 100.00+0.00° 2.32+0.50° 4.00+0.00%° 1.33+0.58° 5.33+0.58°
20 100.00+0.00° 3.21+0.55° 4.67+0.58° 1.33+0.58" 6.33+1.53°
50 70.00+18.03° 1.27+0.43° 2.00+0.00° 1.00+0.00° 2.33+0.58°
Ftest x o o ot o
CV. (%) 11.56 2211 9.38 38.57 21.43

1/ Data expressed as mean value+ SE. Different alphabets indicated significant different among the treatment at P-value< 0.05(*) or

0.01(**)
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Table 2 Stem height, leaves length, leaves diameter, canopy width and node number of in vitro chrysanthemum 5

cultivar 1, 2, 3 and 4 months after gamma irradiation and control (non-irradiation)

Cultivar Age of reatment Stem height Leaves Leaves Canopy width Node number
Seedling (cm) length (cm)  diameter(cm) (cm) (Node/plant)
CH-09 1 month Control 3.46+ 0.26 3.86 + 0.38 2.38 + 0.87 8.56 + 0.47 3.40 +0.78
20 Gy 3.25+0.23 3.63 + 0.32 238 +0.13 8.33 £ 0.18 3.10 £ 0.74
T-test ns ns ns ns ns
2 months Control 8.83+ 028 4.73 £ 1.67 3.83 + 0.36 1533 +0.11 6.20 + 0.87
20 Gy 11.87 £ 0.46 537 +£0.22 3.38 + 0.15 11.35 £ 0.20 6.10 = 0.88
T-test * ns ns ns ns
3 months Control 21.92 + 0.62 574 £ 2.03 4.46 £ 1.80 18.36+ 0.17 10.60 £ 0.92
20 Gy 23.64 + 0.46 6.47 £ 0.33 4.64 + 0.64 25.45 £ 0.36 11.20 + 0.79
T-test ns ns ns ns ns
4 months Control 37.62 +0.40  7.27 + 2.62 555+ 1.99 2431 + 1.31 19.50 + 1.02
20 Gy 3538 +0.39 8.15+0.58 5.74 + 0.49 26.19 + 0.52 19.70 £ 0.95
T-test * ns ns * ns
CH-67 1 month Control 374 £ 0.25 5.35+0.20 3.33+0.13 8.87 + 0.55 3.70 £ 0.67
20 Gy 3.82 091 4.34 + 0.31 3.38 + 0.29 9.44 + 0.30 3.70 £ 0.95
T-test ns * ns * ns
2 months Control 11.31 + 0.17 6.30 + 0.16 3.58 + 0.19 14.27 £ 0.23 6.60 + 1.17
20 Gy 8.62 + 0.33 6.36 + 0.12 524 + 0.54 11.79 + 0.25 8.30 + 0.82
T-test * ns * * *
3 months Control 2598 £ 0.40  7.54 +0.40 4.44 + 0.27 19.91 + 0.31 10.10 = 1.20
20 Gy 2691 + 0.55 7.11 +0.34 542 +0.22 25.24 + 0.19 1590 + 1.79
T-test * ns * * *
4 months Control 42.52 + 0.36 8.25 + 0.49 5.92 + 0.35 24.37 £ 0.93 19.10 + 1.20
20 Gy 38.05+ 046  9.15+0.46 547 +0.45 26.10 £ 0.30  23.10 £ 0.74
T-test * * * x *
JP-01 1 month Control 2.56+ 0.34 205+ 042 1.79 £ 0.28 4.54 + 2.20 4.00 + 0.64
20 Gy 3.16 + 0.11 2.64 + 0.44 1.40 £ 0.18 4.52 + 0.35 5.70 £ 0.82
T-test * ns ns ns ns
2 months Control 4.45+ 0.14 2.28 £ 0.58 241 +0.16 1451 £ 0.19 5.20 £ 0.92
20 Gy 7.24 + 0.31 4.35+0.18 1.50 £ 0.16 8.43 + 0.25 10.80 + 0.79
T-test * * ns ns *
3 months Control 8.31+ 0.09 2.42 + 0.69 3.40 + 0.21 18.48 + 0.17 7.20 + 1.37
20 Gy 16.59 + 0.42 4.41 + 0.25 331 +0.22 18.54 + 0.33 33.70 + 1.34
T-test * * ns ns *

1/ Data expressed as mean value+ SE. Different alphabets indicated significant different among the treatment at P-value< 0.05(*)

2/NS= Not significant
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Table 2 Stem height, leaves length, leaves diameter, canopy width and node number of in vitro chrysanthemum 5

cultivar 1, 2, 3 and 4 months after gamma irradiation and control (non-irradiation) (continue)

Age of Stem height Leaves Leaves Canopy width Node number
Cultivar Treatment
Seedling (cm) length (cm)  diameter(cm) (cm) (Node/plant)
4 months Control 12.69+ 0.18 351+043 411+ 1.18 20.14 £ 0.66 15.20 + 1.64
20 Gy 24.80 + 0.48 590+ 0.71 3.85 + 0.49 17.83 + 0.52 46.20 + 3.58
T-test * * * ns *
JP-02 1 month Control 241 +0.13 3.06 £ 0.21 1.61 + 0.36 4.63 £ 0.13 7.30 £ 0.67
20 Gy 2.60 = 0.14 251 +0.25 1.34 + 0.13 4.40 £ 0.20 6.70 £ 0.67
T-test * * * * ns
2 months Control 3.24 + 0.20 3.45 +0.21 232 +0.18 14.58 + 0.18 11.10 + 0.74
20 Gy 3.61 +£0.33 3.59 +0.23 1.81 £ 0.15 11.08 + 054  11.60 = 0.70
T-test * ns * * ns
3 months Control 5.41 +0.20 4.53 + 0.35 2.88 + 0.28 19.45 + 0.21 16.90 + 1.10
20 Gy 6.99 + 0.37 4.41 + 0.17 2.35+0.23 26.42 +0.33  21.60 + 1.51
T-test * ns * * *
4 months Control 8.67 £ 0.25 5.26 + 0.15 3.31 +0.16 24.08 £ 0.70 24.70 £ 1.42
20 Gy 10.70 + 0.55 5.18 + 0.09 352 +0.23 26.86 + 0.54 24.90 + 0.88
T-test * ns * * ns
JP-04 1 month Control 4.79 + 0.26 5.50 + 0.20 3.39 +0.15 9.10 + 0.41 3.90 £ 0.74
20 Gy 4.15 + 0.11 4.33 + 0.27 3.42 +0.32 8.53 + 0.37 3.10 £ 0.74
T-test * * ns * *
2 months Control 16.04 + 0.30 7.37 £ 0.21 431 +0.24 15.75 + 0.33 7.10 £ 1.85
20 Gy 9.55 +0.19 6.53 + 0.34 2.39 +0.19 11.31 £ 0.36 7.70 £ 0.67
T-test * * * * ns
3 months Control 3594 + 0.75 8.89 + 0.28 5.26 + 0.16 2233 +0.19 12.60 + 1.07
20 Gy 31.55 + 0.60 7.44 + 0.15 4.97 + 0.28 21.35 + 0.26 10.20 + 1.23
T-test * * * * *
4 months Control 5148 +0.40  9.71 + 3.09 6.57 £ 0.27 28.86 + 0.43 23.00 £ 0.82
20 Gy 41.65 + 0.67 8.62 + 0.42 5.32 + 0.15 24.31 + 0.69 21.30 + 1.16
T-test * ns * * *

1/ Data expressed as mean valuex SE. Different alphabets indicated significant different among the treatment at P-value< 0.05(*)

2/NS= Not significant

TusunavesisdrentsnasvesaenugamandsanyimsUgnnnaey vianun 5 Wugldun CH-09, CH-67, JP-01,
JP-02 waw JP-04 WU Nnduannsasenaenld uaswunisdsuuuasdnumeaenluiug CH-09 wity Tasannsouen
AuLANATRUgRINET L nane e 3 stug Taglswadsd 1) 1-avu. 01 (TISTR - TINT 01) 2) 1-amu. 02 (TISTR -
TINT 02) ua 3) 13-anu. 03 (TISTR - TINT 03) Vuiidlo Inendvesnonieusuileudinasgiu (RHS Color chart) Fuualiiug
Wwusldnuwagaenilu tricolor Indunendesatlu (dish) Wudindies (154C) ndunengeenansiidvieuyuyseu (69D) (disc
floret) uazndunangaeiuen (floret) fidvunena (73C) (Figure 4; a) lngannsadnngunisnatseenidu 3 dnwvagliun

1) 5%a 22-anw.01 aanidu bicolor ndunendeensluludindes 1-2 4u ndvdeelsusndiimwaua (N81C) (Figure 4; b)
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dusifa 1-anw.02 dnendu tricolor ndunengeeidhududivies ndvdesnaradudwunseu (70B) Yarendusenvau
iwdes wazndudeslsusnidudvuyseu Feius 1-amu. 01 wazsiug 1-anu. 02 dnwaiznisi3osfvesndunenidunuy
double type wilaunanusliiug (Figure 4; c) Tuvueil v-anw. 03 Anenduluy tricolor ndunendewdluludivdes nau
gosnanuludiviesseusanand (1500) drundugesiauendudvun (73A) (Figure 4; d) Fednuazilanausisansiasy

zl '

Ao dnvazadenentuisuinsSssiirsindunenitgsunniinue1INNITUUUABNTULREIAE Y anemone type
(Figure 4; e) avuiulénSsd@aiusuna 20 136 fnarednanuaznisiSossvasnaunon Inevliidnvusvednauviofiddu
Junnmenuaiiug iwdeatummiaderes yindn uay 180 (2568) nuisinased 20-50 138 lindunenifieutiug
Furududuninduiildlasunsaiesed esnddinaliinniswisunamedu TneBudnvasdos (recessive gene)
Wasudubudnuaeu (dominant gene) wioviliwadnaunenludu L-1 uwaz L2 lianunsadeuusy viawadmely v
Teadnduaoniudu L3 1niylunvauny Fveswmoniaudsuutasly (Pallavi et al, 2017) uenainiineniugyamnaiug
nanefildfvuinnenidnninduuiius Wudeadu Limtiyayotin et al. (2018) wunsiasundasiuluflvwadnas lusid
Weigeu lurinde Anueteduat dnan Turundunenanasuazlusu M,V, vaaiiannsnd withilosmngedlugudanns

wigiulmveagasiidugaiuiavesndunen wislududslildinsulagadniainnsvenedunnnindniinselisuniu

Uffseweveulvivarswliaivinutinfiiieatunissinisasgyiiule (Ye-sol et al,, 2015)

Figure 4 Control (non-irradiated plant) and mutants of chrysanthemum flower color after irradiated with
gamma ray: (a) CH-09 strain non-irradiated plant; (b) TISTR — TINT 01; (c) TISTR - TINT 02; (d) TISTR - TINT
03 and (e) disk floret of TISTR - TINT 03 flower.
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