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in multiple bud growth. Treatments as low as 10 Gy 
showed irradiation damage; half of the explants turned 
black, retarded, and finally died. Surviving explants were 
observed at the lower dose of 10 Gy (Figure 2A) and the 
control treatment. Morphological abnormality appeared 
on some of the irradiated explants (Figure 2B). Meanwhile, 
no abnormality in morphology appeared for the surviving 
irradiated explants. In addition, all explants irradiated 
beyond 20 Gy failed to survive after the third subculture 
(12 weeks of culture) (Figure 2C), and all morphologically 
defective explants failed to grow. No callus was formed 
during the 8-week incubation period.

In this study, the gamma-ray–treated buds were 
cultured under optimal conditions for shoot regeneration. 
They were cultured on MS medium supplemented with 
13.32 µM of BAP under dark conditions for the 8 weeks. 
The use of gamma ray extended the days until first shoot 
emergence from 2 weeks for the untreated explant to 
6–12 weeks for the irradiated explant. New multiple shoot 
regeneration began with visible proliferation of buds from 
the basal part of the explants. Differences were observed 
after 8 weeks of irradiation with regard to the mean 
number of shoots and mean number of leaves produced 
(Table 1).

Poor regeneration frequency was observed in the 
postirradiation culture. The shoots showed slow growth 
but were identical to the control treatment in terms of 
morphology (Figure 2D). Gamma-ray irradiation did not 
affect the ability to produce M1V2 and M1V3 shoots by 
the surviving irradiated buds. When the irradiation dose 
was more than 10 Gy, the new shoots derived from the 
gamma-irradiated explants grew slower than the control. 
A minimum of 12 weeks were needed for new shoots from 
the irradiated explants (M1V0) to reach 1 cm in length, 
whereas shoots from untreated explants needed only 4 
weeks to reach 1 cm. Gamma-ray irradiation did not affect 
the ability of the M1V0 shoots to produce adventitious 
roots. 

Attempts to regenerate and multiply irradiated buds 
(M1V0) under light conditions were unsuccessful (data 
not shown). All irradiated buds became necrotic and 
died after a period of 6–8 weeks of incubation under light 
conditions. The present study indicated that irradiated 
buds only survived and regenerated shoots if the buds 
were maintained under dark conditions on a regeneration 
medium during the 8 weeks. 
3.2. RAPD marker analysis of gamma-ray–treated 
regenerants
Markers were selected based on their ability to generate a 
visible polymorphism between the samples. For the RAPD 
analysis performed in this study, 9 of the 14 primers tested 
gave scorable bands. The 9 primers generated 59 scorable 
bands ranging from 300 to 3500 bp in size. Of these, 35 
bands (55.31%) were polymorphic (Table 2). The number 
of bands for each primer varied from 3 (OPAW17) to 9 
(RM125), with an average of 6.6 bands per primer. The 
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Table 1. Effects of different doses of gamma irradiation on shoot regeneration from buds of E. elatior after 8 weeks of culture.

Irradiation dose (Gy) Percentage of buds producing shoots Mean number of shoots Mean number of leaves

0 100 2.20 3.15

10 20 1.6 1.8

Values are the mean of 20 replicates. Each replicate contained one explant.
Note: 20–140 Gy dosages were lethal to explants after 8 weeks of culture.

Figure 2. Effect of different levels of gamma irradiation on in vitro 
buds of E. elatior. A) Survival of explants exposed to 10 Gy after 
8 weeks of culture. B) Morphological abnormality observed in 
irradiated explant which later died after M1V1 stage. C) Explant 
irradiated with 20 Gy failed to survive after the third subculture. 
D) M1V1 shoots produced from 10 Gy irradiated explant after 12 
weeks of culture. Bar = 1 cm.
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percentage of polymorphisms per primer ranged from 
20% to 77.8% with an average of 55.3%. This indicates 
that there was considerable RAPD variation among the 
regenerants. Figure 3 shows the amplification profiles 
generated by primers OPAW 11, OPU 13, and OPU 16 
across the regenerants.

The Jaccard’s coefficient of similarity provided 
similarity values ranging from 0.537 to 0.860, indicative 
of the level of genetic variation among the potential 
mutant lines (Table 3). These coefficients reflected the 
genetic relationship between the samples. The highest 
level of similarity between 2 potential mutant lines was 
found between PL2 and PL3, with a similarity coefficient 
of 0.86 (the shortest genetic distance), while a minimum 
similarity coefficient (0.628) was observed between PL1 
and PL7 (the highest genetic distance). For comparison 
between the potential mutant lines and the control, the 
maximum similarity value (0.814) was observed in PL1 
mutant while the minimum value (0.537) was observed in 
PL7. The dendrogram obtained by UPGMA from the 59 
markers scored for the 9 regenerants is shown in Figure 4. 
The cluster analysis separated mutants into 2 well-defined 
groups, (a): the control, PL1, PL2, PL3, PL4, and PL8 and 
(b): PL5, PL6, and PL7. Based on these results, RAPD 
successfully detected variation between the irradiated 
and nonirradiated clones, which were morphologically 
indistinguishable. The DNA polymorphism detected by 
RAPD analysis offers a useful molecular marker for the 

identification of mutants in gamma-radiation–treated 
plants of E. elatior. 

4. Discussion
4.1. Effect of gamma rays on shoot regeneration of in 
vitro buds
A matter of interest for plant breeders is the use of 
mutagens, in combination with in vitro cultures, to 
create genetic variation (Broertjes and Van Harten, 
1988). Determination of the radiosensitivity of in vitro 
buds to gamma rays is the initial step since it focuses on 
early screening of variants with altered genetic patterns. 
The critical level of gamma radiation at which mutations 
are induced must be within the range of tolerance for 
regeneration. The irradiation dose LD50, which is not 
highly inhibitory to plant development, is recommended 
(Zhou et al., 2006).

In this study the gamma ray dose clearly affected shoot 
development from in vitro buds of E. elatior. With an 
increase in gamma ray dose, the percentage of explants that 
produced shoots and leaves decreased. The results showed 
that shoot induction and shoot growth of irradiated 
explants were reduced sharply upon exposure to 10 Gy, 
as compared to the nonirradiated explants, indicating 
that in vitro buds of E. elatior are very sensitive to gamma 
radiation. Lu et al. (2007) found that the LD50 of in vitro 
Narcissus tazetta var. chinensis (Chinese narcissus) bulb-
scales irradiated by gamma rays was similar to E. elatior (10 

Table 2. List of primers, number of amplified products and polymorphic bands, and polymorphism percentages.

Primer Sequence (5’–3’) Total amplified products Polymorphic bands Percent polymorphism

RM117 CGATCCATTCCT
GCTGCTCGCG 8 6 75.00

RM125 ATCAGCAGCCAT
GGCAGCGACC 9 7 77.78

RM153 GCCTCGAGCATC
ATCATCAG 8 6 75.00

OPAW 11 CTGCCACGAG 8 4 25.00

OPAW 17 TGCTGCTGCC 3 1 33.33

OPU 10 ACCTCGGCAC 5 1 20.00

OPU 13 GGCTGGTTCC 6 4 33.33

OPU 16 CTGCGCTGGA 6 2 16.67

OPG 14 GGATGAGACC 6 4 66.67

Total 59 35

Mean 6.56 3.89 55.31


