
INTRODUCTION
Rubus fraxinifolius is a type of wild raspberry 

fruit that grows in Indonesia’s mountain forests. 
Kalkman (1993) reported that R. fraxinifolius was 
spread on the islands of Kalimantan, Java, Sulawesi, 
Maluku, Bali, and Nusa Tenggara, starting from the 
lowland to an altitude of 2500 m above sea level. 
At present, the utilization and development of R. 
fraxinifolius fruit still very limited. Surya (2009) 
reported that R. fraxinifolius fresh fruit has begun 
to be used and commercialized by the community, 
especially in the Cibodas area. Its high potential as 
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ABSTRACT
Rubus fraxinifolius belonging to the wild raspberry group has not been developed in Indonesia. Mutation breeding using gamma-ray as mutagen which 
was combined with in vitro culture is one of acceleration effort to obtain superior characteristics of the fruit crops, such as larger fruit size, higher nutrition 
content, plant with less of spines and fruit storage ability. The R. fraxinifolius seeds were irradiated with different doses of gamma-ray ranging from 0 
to 500 Gy using the 60Co (Cobalt). This research aimed to determine in vitro growth of R. fraxinifolius mutant (M1) after irradiation using gamma-ray. 
The results showed that the highest percentage of seed germination was obtained on the doses of 100 and 200 Gy. Furthermore, the subculture of R. 
fraxinifolius mutant (M1) on MS medium with the addition of BA showed the different growth on number of shoots, number of leaves, and plantlet height. 
Moreover, R. fraxinifolius control showed higher value of shoots, number of leaves, and plantlet height at 4 and 8 weeks after subculture compared to 
R. fraxinifolius mutant. MS medium with the addition of IBA showed that the number of roots of R. fraxinifolius control (5.75) was higher than that of R. 
fraxinifolius mutant (M1) (4.83).
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ABSTRAK
Rubus fraxinifolius merupakan kelompok buah raspberry liar yang belum banyak dikembangkan di Indonesia. Pemuliaan mutasi menggunakan mutagen 
sinar gamma yang dikombinasikan dengan kultur in vitro merupakan salah satu upaya percepatan untuk memperoleh karakter tanaman buah yang unggul, 
yaitu ukuran buah besar, kandungan nutrisi tinggi, morfologi tanaman yang memiliki duri lebih sedikit, dan meningkatkan daya simpan. Biji R. fraxinifolius 
di radiasi dengan sinar gamma pada rentang dosis 0 sampai dengan 500 Gy yang bersumber dari 60Co (Cobalt). Penelitian ini ditujukan untuk mengetahui 
pertumbuhan tanaman mutan generasi pertama (M1) R. fraxinifolius hasil iradiasi gamma secara in vitro. Hasil penelitian menunjukkan bahwa biji dengan 
dosis radiasi 100 dan 200 Gy menghasilkan persentase kecambah tertinggi yaitu mencapai 100%. Setelah proses subkultur M1 pada media MS dengan 
penambahan hormon BA, terlihat bahwa perbedaan pertumbuhan M1 R. fraxinifolius terjadi pada parameter jumlah tunas, jumlah daun dan tinggi plantlet 
Pada 4 dan 8 minggu setelah subkultur rerata jumlah tunas, jumlah daun dan tinggi plantlet tanaman kontrol lebih tinggi dibandingkan dengan tanaman 
mutan. Pada tanaman kontrol 4 dan 8 minggu setelah subkultur menghasilkan jumlah tunas (1,5 dan 10), jumlah daun (8 dan 11), dan tinggi planlet (1,3 
dan 2,54 cm), sedangkan pada tanaman mutan M1 menghasilkan jumlah tunas (2 dan 8), jumlah daun (5,75 dan 8,25), dan tinggi planlet (1,07 dan 2,7 cm). 
Untuk inisiasi akar pada media MS dengan hormon IBA, tanaman kontrol menghasilkan rata-rata jumlah akar yang lebih banyak dibanding tanaman mutan 
M1, yaitu sebanyak 5,75, sedangkan pada tanaman mutan M1 sebanyak 4,83. 

Kata Kunci: In vitro, Mutan, Sinar gamma, Rubus fraxinifolius

a fruit commodity is one of the important factors 
to develop R. fraxinifolius which is a native species 
of Indonesia through plant breeding programs. 
According to the research conducted by Surya et 
al. (2018), R. fraxinifolius fruit has a high vitamin 
C content of 83.65 mg/100 g, total carbohydrates 
of 11.48%, the sugar content of 5.05 g, the fiber 
content of 6.43%, and calorific value of 45.92 
calories. The content of vitamin C and sugar in 
R. fraxinifolius is higher than that of other types of 
rubus (Rubus rosifolius, Rubus chrysophyllus, Rubus 
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pyrofolius, and Rubus idaeus (raspberry) (USDA, 
2014; Surya et al., 2018).

Breeding of rubus plants is an effort to improve 
the genetic condition of plants to improve the qual-
ity of fruit producing rubus plants with large fruit 
size, high nutritional content, fewer spines, longer 
shelf life, and resistance to pests and diseases so 
that the economic value of the commodity becomes 
higher. One way to increase the genetic diversity 
of plants is through mutations with gamma-rays. 
Gamma-rays are high electromagnetic radiation 
that can induce genetic changes in plants (Astutik, 
2012), damage and modify important components 
in cells and give different effects on morphology, 
anatomy, biochemistry, and physiology of plants, 
depending on the radiation dose given (Ashraf et 
al., 2003; Anggraito and Pukan, 2015). 

In vitro culture is a method of planting parts of 
plants (protoplasts, cells, tissues, or organs) asepti-
cally in bottles to form perfect plants or produce 
certain metabolite products (Hussain et al., 2012). 
Mutation breeding combined with tissue culture 
techniques is the best approach. Application of 
mutation induction in explants can result in mu-
tations in somatic cells that will produce a wide 
variety of plants produced during in vitro culture 
(Hwang and Ko, 1988; Ishak, 2000).

Chemical mutagens and radiation can be used 
to induce mutations in higher plants. Gamma-ray 
treatment in plants can induce changes in genetic, 
cytological, biochemical, and physiological proper-
ties in cell tissues (Gunckel and Sparrow, 2001). 
According to Colbert and de Oliveira (1990), the 
hybridization process in rubus plants has many 
obstacles, this is because the incompatibility be-
tween species is relatively high so it is difficult to 
get diversity in the population for breeding. Muta-
tion breeding activities using gamma-ray mutagen 
combined with in vitro culture is one of the efforts 
to accelerate the process to obtain the diversity and 

better character of R. fraxinifolius plants. This study 
aimed to determine the growth of R. fraxinifolius M1 
from gamma-ray irradiation in vitro.

 
MATERIALS AND METHODS

The research was conducted in Tissue Culture 
Laboratory Center for Plant Conservation Botanic 
Gardens, Indonesian Institute of Science (LIPI) and 
Application Center for Isotope and Radiation Tech-
nology, National Nuclear Power Agency (BATAN). 

Seed Mutation and Seed Initiation by In Vitro
Rubus fraxinifolius seeds were obtained from the 

fruit of R. fraxinifolius which had been grown and 
harvested in Cibodas Botanical Garden. The seeds 
were cleaned from fruit and dried. Irradiation was 
done on seeds that have been dry and clean. The 
process of irradiation using gamma-rays was carried 
out at a dose level of 0 (control), 100, 200, 300, 400, 
and 500 Gy. After the irradiation process, the seeds 
were planted in vitro using MS media. A total of 25 
seeds of R. fraxinifolius were planted in each culture 
bottle with 10 replications. In vitro sterilization 
and seed planting processes referred to Ismaini et 
al. (2017) using detergents, Tween 80, fungicides, 
bactericides, 70% alcohol, NaOCl, and distilled 
water. The planting medium used was MS0. The 
percentage of seed germination or seed viability was 
used to determine the response of R. fraxinifolius 
seeds to gamma-rays. The subculture process was 
carried out on seeds that have germinated.

Subculture: Shoots and Roots Initiation
The planting medium used in the subculture 

process for multiplication of shoots was a combi-
nation of MS (Murashige and Skoog) media with 
a growth regulator BA (Benzyl Adenine). The use 
of BA on MS media was divided into three groups, 
namely MS + BA1 (1 mg/L), MS + BA2 (2 mg/L), 
and MS + BA3 (3 mg/L). Post subculture growth 
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observations included the number of shoots, num-
ber of leaves, and plantet height. The subculture 
was then carried out for the rooting process on MS 
without hormones (MS0) and on MS added with 
IBA hormone with a concentration of 1 mg/L and 
2 mg/L. Growth observation was carried out at 8 
weeks after subculture by counting the number 
of roots.

RESULTS AND DISCUSSION
Percentage of seed viability

Figure 1. Percentage of Seed Germination of Rubus 
fraxinifolius First Generation Plants (M1)

 

 

Figure 2. Seed Germination In Vitro of R. fraxinifolius 
(K: Control, A: 100 Gy, B: 200 Gy, C: 300 Gy, D: 400 Gy, 

E: 500 Gy)

Based on the results of germinations observa-
tions, it was found that gamma-ray irradiation af-
fected the germination percentage of R. fraxinifolius 
seeds. The highest percentage of seed germination 

was observed in irradiated seeds with doses of 100 
and 200 Gy (Figure 1). These results indicated that 
irradiation at doses of 100 and 200 Gy increased 
the percentage of seed germination of R. fraxinifolius 
M1 to reach 100%. However, at doses of 300, 400, 
and 500 Gy, gamma-ray irradiation reduced the 
percentage of seed germination of R. fraxinifolius 
M1 (Figure 2). This result was in line with research 
from Giovani et al. (2015) who reported that gamma-
ray irradiation at doses 50, 100, and 200 Gy could 
increase Rosa hybrid seed germination. In addition, 
Surya et al. (2016) also reported that the increase 
of seed germination occurred in Rubus chrysophyllus 
and Rubus lineatus after gamma-rays irradiation.

Shoot Initiation
Rubus fraxinifolius M1 seeds which had ger-

minated then were sub-cultured for the rooting 
process on MS media with three variations of 
cytokinin growth regulators. Observation of R. 
fraxinifolius M1 growth after subculture was carried 
out at 4 and 8 weeks after the subculture process 
(Table 1). The results showed that there were no 
significant differences in the number of shoots 
at 4 weeks after subculture. At 4 weeks after the 
subculture, differences in growth occurred in the 
number of leaves and plantet height parameters. 
Table 1 showed that the average number of leaves 
and height of control plantlets were higher than 
the mutants. In observation at 4 and 8 weeks after 
the subculture, control plants produced 1.5 and 10 
shoots, 8 and 11 leaves, and plantlets  with height of 
1.3 and 2.54 cm, respectively. Meanwhile, mutant 
plants M1 produced 2 and 8 shoots, 5.75 and 8.25 
leaves, and plantlets with height of 1.07 and 2.7 
cm, consecutively.

The study of peanut plants and handeleums 
irradiated by gamma rays showed a decrease in 
the growth parameters of plants treated with muta-
tions. The higher the irradiation dose given causes 
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the number of leaves to decrease. This case occurs 
because gamma-rays produce free radicals that 
can damage cellular meristem plants and inhibit 
DNA synthesis, thus disrupting and affecting plant 
morphology, anatomy, and biochemistry (Lukanda 
et al. 2013, Rosmala et al. 2015). In the study of 
Jan et al. (2011), low doses of gamma irradiation 
significantly increased vegetative growth, while 
high doses had been shown to inhibit the growth 
of the medicinal plant Psoralea corylifolia. Low-dose 
gamma-ray irradiation generally results in stimula-
tion effects on germination through increased 
enzyme activity, improvement of respiration cells, 
and increased production of reproductive struc-
tures (Luckey 1998). On the other hand, gamma-ray 
irradiation in high doses generally results in effect 
as an inhibitor on germination (Kumari and Singh 
1996), decreased auxin levels or chromosomal dam-
age (Sparrow 1962). According to Luckey (2003), 
the effect of this change is known as the hormesis 
phenomenon which is interpreted as stimulation 
at low doses of ionization and inhibition at high 
doses.

Dose determination of gamma irradiation is 
an important factor in artificial mutations and 
adapted to the plant material used. At a tolerable 
range, gamma-ray irradiation can cause mutations 
in cells that will appear in the phenotypic appear-
ance of plants. High or low doses of gamma irradia-
tion that affect changes in plant properties differ 
depending on the type of plant used.

The use of growth regulators in tissue culture 
depends on the type of plant. Lestari (2011) re-
ported that cytokinin (BA) growth regulators were 
generally used for the formation or multiplication 
of shoots. The formation of new shoots from mu-
tation breeding activities combined with in vitro 
culture is very important. When breeding activities 
are intended to improve one or more characters of 
a cultivar, and do not expect variation, the appro-
priate method is mutation and multiplication in 
vitro through the axillary buds (Predieri, 2001). In 
this study, it can be seen that at 8 weeks after the 
subculture, MS + BA3 media gave significant effect 
on the growth of  R. fraxinifolius mutant (Table 1).

Table 1. The Average Growth of Rubus fraxinifolius Mutants (M1) After Subculture

Treatment
4 weeks after subculture 8 weeks after subculture

Number of shoots Number of leaves Plantlet’s height Number of shoots Number of leaves Plantlet’s height

Control BA 1 1.00 a 6.00 ab 1.10 ab 3.00 cde 11.00 a 2.54 ab

BA 2 1.50 a 8.00 a 1.30 a 10.00 a 7.50 bcd 1.82 abc

BA 3 1.00 a 4.50 bc 0.90 abc 2.00 de 9.00 ab 2.18 ab

200 Gy BA 1 1.83 a 4.83 bc 0.97 ab 5.00 bcd 8.20 b 2.54 ab

BA 2 2.00 a 3.86 bc 0.86 abc 5.00 bcd 6.60 cde 1.82 abc

BA 3 1.83 a 5.67 b 1.07 ab 6.20 abc 7.20 bcd 2.18 ab

300 Gy BA 1 1.83 a 5.00 bc 0.82 bc 2.25 de 6.25 de 1.13 bc

BA 2 1.60 a 3.80 c 0.82 bc 3.25 cde 8.00 bc 1.55 abc

BA 3 1.67 a 4.50 bc 0.78 bc 6.00 abc 8.00 bc 2.32 ab

400 Gy BA 1 1.83 a 4.17 bc 0.60 c 1.00 e 6.00 de 0.50 c

BA 2 1.33 a 5.00 bc 0.72 bc 4.50 bcde 8.25 b 1.83 abc

BA 3 1.67 a 4.67 bc 0.67 c 5.33 bcd 4.90 e 2.83 a

500 Gy BA 2 1.25 a 5.75 b 0.65 c 6.00 abc 7.00 bcde 1.80 abc

BA 3 1.83 a 5.33 b 0.97 ab 8.00 ab 5.00 e 2.70 ab

Note: Seeds irradiated at 100Gy experienced contamination during the subculture process; numbers followed by the same lowcase letters in the 
          same column are not significantly different according to LSD test at 5%.
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Observation on phenotypic variation of R. 
fraxinifolius plant mutant growth was carried out 
in this experiment. Seen in Figure 3, the visual 
observations of R. fraxinifolius showed there were 
unique forms (khimera) caused by the treatment 
of gamma-ray mutations. One of the morphologi-
cal changes was the variation in the shape of the 
plantlet leaves and stems. When compared with 
control plantlets, plants treated with gamma-ray 
irradiation had abnormal leaf shape, wavy or not 
symmetrical, the stem was short and wide. Plantlet 
irradiated with 300 Gy gamma-ray showed rosette 
shape with very short stems and leaves accumulated 
at one growing point. While in 500 Gy gamma-
rays, the growth was greater than the control, the 
leaves were wider and the stems were larger. How-
ever, like plants that have mutations in general, 
the forms of khimera caused by these mutations 
did not have specific characteristics and did not 
occur simultaneously in all plants treated. In the 
study conducted by Royani et al. (2012), a spiral 
leaf shape on green chirayta medicinal plants was 
obtained from gamma cobalt 60 irradiation. In an-
other study conducted by Devy and Sastra (2006), 
rosette shoots and critical leaves on ginger plants 
were produced by gamma irradiation. According 
to Kurniati (2004), the variation of leaf forms in 
Phalaenopsis orchids arised as a result of mutant cell 
abnormalities that develop into different tissues 
and organs of the origin cell.

Mutations are genetic changes, either changes in 
a single gene, a number of genes, or chromosome 
arrangements. These changes can occur in every 

part of the plant, especially the part where the cell 
is actively dividing (Micke and Donini, 1993). In 
general, mutations are produced by all types of 
genetic changes that result in decreased phenotypic 
changes, including chromosomal diversity, causing 
genetic diversity (Soeranto, 2003). In mutation 
breeding activities, Yunita (2009) reported that a 
combination of in vitro culture and physical mu-
tagen is a variety of effective and efficient varieties. 
The diversity caused by somaclonal variation and 
mutation induction is random.

Mutation breeding, one of them with gamma-
rays, in forest woody plants that have not been 
widely cultivated has the potential to produce new 
diversity in species that have relatively low species 
diversity or to obtain plant characteristics that are 
more adaptive to changes in the environment with 
high levels of productivity (Zanzibar and Sudrajat 
2013).

Roots Initiation
Based on the results of the subculture, appli-

cation of IBA hormone to R. fraxinifolius could 
increase the average number of roots on in vitro 
culture plants. However, the administration of 
IBA hormone did not significantly influence the 
increase in the number of roots of mutant plants. 
Figure 4 showed that R. fraxinifolius control explants 
grown on MS0 media produced an average number 
of roots as many as 3.25, whereas in MS media given 
IBA hormone 1 mg/L and IBA 2 mg/L the average 
number of roots increased to be 5.75 and 5.67. In R. 
fraxinifolius mutant explants, the average number of 

Figure 3. Variation of Rubus fraxinifolius mutant (M1) Growth In Vitro (K: Control, B: 200 gy, C: 300 gy, D: 400 gy, E: 500 gy)
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roots produced on the hormone without hormone 
(MS0) was 4.25, while the addition of IBA 1 mg/L 
and IBA 2 mg/L produced an average number of 
roots of 4.83 and 3.17 (Figure 5). Furthermore, 
from Figure 4, the number of roots of mutant 
plants was less than that of control plants. This 
may be due to a disturbance of auxin activity. Ac-
cording to Devy and Sastra (2006), the occurrence 
of root growth inhibition on ginger plants resulting 
from gamma irradiation was due to the disruption 
of endogenous auxin activity that occurs after the 
irradiation process so that the concentration of 
endogenous auxin was reduced and the roots were 
not formed. Auxin has a dual role depending on 
the chemical structure, concentration, and tissue of 
the treated plant. Auxin is generally used to induce 
callus formation, suspension culture, and lateral 

root initiation and gravitational force response 
(Wattimena, 1992; Chun et al., 2003; Lestari, 2011)

 
CONCLUSION

Treatment of gamma irradiation gave an effect 
on germination and growth of R. fraxinifolius grown 
in vitro culture. The results showed that seeds with 
irradiation dose of 100 and 200 Gray produced the 
highest percentage of germination. Low-dose treat-
ments stimulated plant growth, while higher doses 
of irradiation given affected plants as inhibitors of 
germination and growth parameters. After the M1 
subculture process on MS media with the addition 
of BA hormone, it was seen that the difference 
in R. Fraxinifolius M1 growth occurred in the the 
number of shoots, number of leaves, and plantlet 
height. Similarly, the M1 subculture on the MS 
medium with the addition of the IBA hormone in 
R. fraxinifolius could increase the average number 
of roots on in vitro culture plants. 
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