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Abstract

Mutagenesis in plant species is considered effective in recovering and producing useful mutants as it leads to a high 
degree o f ehimerism and produces high degree o f somaclonal variations for further selection in  breeding 
programmes, Jatropha curcas is a species with many attributes and considerable potential, especially as biodiesel. 
Narrow genetic background of Jatropha spp. gives less selection to growers for better quality plant materials. In this 
study, a new method through nuclear technology was used to increase the genetic variability o f  Jatropha towards 
novel superior potential mutant lines. The objective o f the study is to generate new mutant varieties o f Jatropha 
curcas through the mutagenesis approach in getting new sustainable mutants for high oil yield and improved plant 
characteristics. Seeds o f a Jatropha cultivar were from selected materials from Lembaga K enaf & Tembakau 
Negara, Kelantan, Radiosensitivity test was done by irradiating a total o f caeh 60 seeds at multiple doses (0 Gy, 20 
Gy, 40 Gy, 60 Gy, 80 Gy, 100 Gy, 200 Gy, 300 Gy, 400 Gy, 600 Gy and 700 Gy). After getting the LD 50, three 
doses i.e. 250 Gy, 300 Gy and 350 Gy were selected for mutagenesis, where a total o f 1000 seeds were exposed to 
gamma radiation. The seeds were hardened and field planted at close distance o f 1 m x 1 m. Pruning was conducted 
three times at two months interval prior to screening for early flowering, short stature and high branching mutant 
lines. Radiosensitivity o f seeds to acute gamma irradiation revealed that the LD5(, was at 320 Gy, At nursery stage, 
somatic mutations related to chlorophyll changes were observed on leaves with certain shapes. Screening of 
Jatropha  via seed mutagenesis bore 6  early flowering mutants, 7 dwarf mutants and, 17 high branching plants. In 
narrowing the mutant lines, cuttings from each selected trait were eolieeted and re-planted for farther evaluation.
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Abstrak

Mutagenesis di dalam tumbuhan didapati berkesan di dalam menghasilkan mutan yang mempunyai darjah kimera 
dan variasi somaelonal yang tinggi bagi tujuan pemilihan di dalam program pembiakbakaan. Spesies Jatropha 
mempunyai banyak sifat keistimewaan dan berpotensi digunakan sebagai biodiesel. Latar belakang genctik yang 
sempit bagi spcsics Jatropha  menjadikan pemilihan tanaman yang berkualiti sukar dilakukan. Kajian ini melibatkan 
penggunaan teknologi nuklear di dalam meningkatkan variasi tanaman Jatropha bagi menghasilkan mutan yang 
berpotesi. Objektif kajian ini ialah untuk menghasilkan m lit an baru Jatropha  untuk penghasilan minyak yang tinggi 
dengan sifat terbaik mcalui kaedah mutagenesis menggunakan biji benih. Biji benih terpilih ini diperoleh daripada 
Lembaga Kenaf & Tembakau Negara, Kelantan. Ujian radiosensiliviti dilakukan dengan menyinarkan setiap 60 biji 
Jatropha  dcngan bcbcrapa dos (0 Gy, 20 Gy, 40 Gy, 60 Gy, 80 Gy, 100 Gy, 200 Gy, 300 Gy, 400 Gy, 600 Gy dan 
700 Gy), Setelah nilai LD ; 0  diperoleh, sebanyak 1000 biji benih telah disinarkan dcngan sinaran gama pada dos 250 
Gy, 300 Gy dan 350 Gy. Biji benih ini kemudiannya discmai di tapak scmaian sebelum dipindah dan ditanam di 
ladang dengan jarak penanaman rapat 1 m x 1 m. Pcmangkasan dilakukan setiap dua bulan sebanyak tiga kali 
sebelum penyaringan ke atas pokok yang berbunga awal, sifat pokok rendah dan pokok yang bercabang banyak 
dilakukan Radiosensitiviti bagi pcreambahan biji benih selepas penyinaran gama secara akut mcnunjukkan LD ?0 

adalah pada 320 Gy. Di peringkat tapak scmaian, mutasi somatik yang melibatkan klorofil mcnunjukkan perubahan 
yang jelas. Penyaringan mutan Jatropha melalui kacdah mutagenesis biji ini telah menghasilkan 6  tanaman 
berbunga awal, 7 tanaman rendah dan 17 tanaman bercabang banyak. Bagi memfokuskan lagi mutan-mutan 
tanaman ini, keratan mata tunas dipungut dan ditanam untuk penilaian lanjul.

Kata kunei: sinaran gama, biak baka mutasi, mutagenesis, LD50
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Introduction

Jatropha curcas is a potential as a biofuel crop which is desired due to its drought hardiness, rapid growth, easy 
propagation, low cost o f seeds, cuttings, high oil content, small gestation period and wide adaptation (Li et al.2007). 
Jatropha  biofuel contains more oxygen, w ith a higher methane value increasing the combustion quality, is clean, 
non-toxic, eco-friendly and economic due to its low production cost. Jatropha  oil is a clean fuel reducing 
greenhouse gas emission, has greater lubricity and reduces engine wear. This oil is strong purgative, widely use as 
an antiseptic for cough, skin disease and as a pain reliever in rheumatism. Refining crude Jatropha  oil into bio-fuel 
products produces glycerine as by-product, which is in great demand as a raw material for cosmetic, medicine and 
food product industries. In reality, the plant is considered as new crop in Malaysia, growers arc unable to achieve the 
optimum economic benefits from the plant, especially for its various uses. Markets and demands at different 
products from this plant are still having not been explored, studied or quantified promptly. Besides, actual or 
potential growers including those in the subsistence sector do not have an adequate information base about the 
prospective and economics o f this plant to be exploited commercially.

Jatropha curcas has been domesticated, and there is an immediate need to breed for superior genotypes. However, 
this plant has limited germplasm information on the genetic based, yields arc poor, low genetic diversity and is 
vulnerable to insect pests and diseases. Genetic variation in seed morphology and oil content of Jatropha  is o f great 
potential in tree improvement programs, unfortunately no much work has been done on germplasm conservation. 
Available planting material is indeterminate with variability in yield components and oil content, which are strongly 
influenced by environment {Heller, 1996). The objectives should aim at higher seed yield and oil content, earlier 
maturity, reduced plant height, resistance to pests and diseases, drought resistance/tolerance, higher ratio o f female 
to male flowers and improved fuel properties (Sujatha, 2006). As propagation by seed poses heterogenetic materials 
and creates variant among seedlings, cutting and'or shoot tips propagation found to be reliable as planting materials. 
Thus, True to type, materials for mass propagation can be achieved only via cuttings and/or shoot tips propagation. 
According to Heller (1996), variability in yield components and oil content in Jatropha are strongly influenced by 
environment factors (abiotic and biotic stress). Other aspects for high yield fruiting also needs to be considered is 
related to higher ratio o f female to male flowers and improved fuel properties (Sujatha, 2006). Continuously 
production of true to type seedlings is also important to be considered, as tissue culture via bioreactor system might 
be the alternative ways amongst in vitro propagation systems. Meristem is the best source for tissue culture o f true to 
type seedlings as plants raised from these materials are comparatively more resistant to genetic variation (Jha et al., 
2007; Deorc and Johnson, 2008).

Gamma rays with high frequency and short wavelength have high energy photons to cause cellular damage, thus 
induce high variants at phenotypic levels without altering much o f their molecular structures. In biology, m utations 
are changes to the nucleotide sequence o f the genetic materials o f  an organism and create variation within gene pool. 
Thus, it is essential to understand effects o f gamma rays on several biological end points such as germination, 
regeneration, survival and/or subsequent mutations in the plant samples. Radio sensitivity test is an important factor 
in deciding significant genetic changes in plant mutation induction. It involves the determination of the dose that 
causes 50% reduction o f vegetative growth o f the treated plants material (LD50) when compared to the control. 
Induction effect varies from seeds to meristem cultures as the cell responses are randomly event and tolerate at 
certain levels o f exposure. Besides, impact o f radiation depends on their accumulation level and localization in the 
tissues and/or cells (Chicea ct al. 2008), Thus, induced mutations are playing a major role in basic studies especially 
for the elucidation o f biochemical and plant developmental pathways (Chopra, 2005).

Materials & Methods

Jatropha seeds used in this project were obtained from Lembaga Kenaf & Tembakau Negara, Kelantan. It is believed 
that local materials are more reliable in terms o f its stability and highly tolerance to pest and disease. 
Radio sensitivity test were done by irradiating the seeds at multiple doses of 0 Gy, 20 Gy, 40 Gy, 60 Gy, 80 Gy, 100 
Gy, 200 Gy, 300 Gy, 400 Gy, 600 Gy, 700 Gy). After irradiation, the materials were planted in fine sand for 4 weeks 
period under controlled environment at greenhouse. Observations were made on early changes o f dose sensitivity 
and effects o f the radiation. After getting the LD5o, a total o f 1000 seeds were exposed to gamma radiation, each at 
dose o f 250 Gy, 300 Gy and 350 Gy for mutagenesis study. The seeds were hardened and field planted at close 
distance o f 1 m x lm .
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Results and Discussion

In changing and enhancing plant traits at cellular level and cells growth without altering much at their molecular 
structures, ionizing radiation such gamma rays is a significant tools. The effects and response in mutagenesis can be 
observed through radiosensitivity test.

Table I Average o f  seeds
germinated at different 
doses after exposed to 
gamma rays

Dose
(Gy)

Germinated
seed

0 0 . 8  + 0.16

2 0 0.8 + 0.09

40 0 . 6  + 0.06

60 0.6 + 0.09

80 0 .7 ^0 .0 1

1 0 0 0.4 + 012

2 0 0 0.5 + 0.05

300 0.4 + 014

400 0

600 0

700 0

Figure 1 Percentage o f germinated seeds a week after exposed to gamma rays at 
different doses

Table 2 Average o f  survival
seeds at different doses 
after exposed to gamma 
rays

Figure 2 Percentage o f  survived seeds three weeks after exposed to gamma rays 
at different doses

Dose
(Gy)

Survived
seed

0 1.0+0.05

2 0 1 . 0  + 0 . 0 2

40 0.8+ 0.09

60 0 . 8  + 0 . 0 1

80 0 . 8  + 0 . 0 1

1 0 0 0.7 i 0.07

2 0 0 0 . 8  -  0 . 0 2

300 0 .5 -0 .1 2

400 0.2 + 0.05

600 0

700 0
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Radio sensitivity test revealed significant dose(s), which balanced between survival and dead materials. This step is 
an important procedure in identifying suitable specific dose and screening any changes for potential traits with new 
characteristics. Besides, researchers can utilize the information in estimating material for irradiation proposes to get 
reliable planting materials. Although the mutagenesis is a random event, the consequences results are considered 
reliable in breeding program.

Part o f  the plant that first emerges Prom the seed is the embryonic root, termed the radicle or primary root. It allow s 
the seedling to becomc anchored in the ground and start absorbing water. After the root absorbs water, an cmbryonic 
shoot emerges from the seed. This shoot comprises three main parts: the cotyledons (seed leaves), the section of 
shoot below the cotyledons (hypocolyl). and the section o f shoot above the cotyledons (epicotyl). The appearance of 
the radiclc marks the end o f  germination and the beginning o f "establishment”, a period that ends when the seedling 
has exhausted the food reserves stored in the seed. Germination and establishment as an independent plants are 
critical phases in the life o f a plant when they arc the most vulnerable to injury, disease, and water stress.

It was found that viability of the seeds showed 95% germination in control plants. The dormancy often involves 
changes in membranes, initiated by dormancy-breaking signals. Late germinaion seeds after expose to radation is 
believed rcalatcd to its dormancy. Factors affecting seed dormancy include the presence o f certain plant hormones, 
notably abscisic acid, which inhibits germination, and gibberellins, which ends seed dormancy. Tabic 1 and figure 1 
show the seeds were completed dead after exposed to 600 Gy. At this stage LD5() based on percentage of 
germination was revealed at 301 Gy. Table 2 and figure 2 show the survival seeds after three weeks hardening at 
nursery. The LD5t, at this stage is higher, revealed at 320 Gy. Performance at low dose i.c 20Gy was not significance 
as compared to control.

Somatic effects such as clorofill patchers on leaves which arc not inherited can be observed after 2 weeks 
germination (Figure 3). It was observed that 70% o f the plants showed somatic mutation based on the leaf patches. 
However these patches are gone after second or third leaves produced. Besides, the shape o f the leaves were also 
varies from round, errect and uneven leaves.

Figure 3, Somatic mutations and mutation cfTects observed on leaf formation after acute gamma irradiation. A1-A2 
Control; B-G chlorofil mutation; H-J leaf mutation. Chlorofil mutation arc temporary effects which idicates Jatropha 
spesis is not resistant to ionizing radiation.
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(A) Hardening at nursery (B) Early planting (1 month)

(C) Two months after planting. (D) Three months after planting 
Prunnig was carried out at
2  months interval,

Figure 4. Irradiated seeds were hardened at nursery (A) prior field planting (B)-(D).

As pruning was carried out for 3 cycles, screening for selected traits revealed six early flowering mutants, seven 
dwarf mutants and 17 high branching mutants. The dwarf mutants observed as bushy plants with normal leaf shape. 
Three cycles o f pruning is important in creating new branching nods and chimerism for better selection cuttings. 
These cuttings are important in creating mutant lines for further evaluations.

(C) (D)

Figure 4 Potential mutant lines o f Jatropha curcas derived from mutation induction o f gamma rays. Figures show 
(A) Dwarf plant, (B) Highly branching plant (C) Both male and female flowers (D) tiarly flowering. Arrow in red 
colour shows magnification o f the flowers.



Conclusion

Mutagenesis in Jatropha has opened a broad genetic pool to improve a high quality yielding fruit. This is a 
tremendous economic impact on agriculture especially in bio-diesel industries as new novel traits derived from the 
mutants will be introduced for planting materials. Besides, it is useful to support value added biomass for bio-energy 
and platform for future sustainable bio-product industries. In order to understand the changes in the mutants derived 
from this work due to the mutagenesis at phenotypic and/or molecular levels, focus has to be done in compliments to 
the genetic cffects at their specificity, relative efficiency, frequency o f DNA damages and markers to identify the 
specific mutants.
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