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ABSTRACT
This study was conducted to determine the effects of ethyl methanesulphonate (EMS) treatments on seed germination
and the genetic diversity of EMS-induced Neolamarckia cadamba and Leucaena leucocephala seedlings using ISSR
markers.The effects of soaking duration in 100oC water on seed germination were also determined forN.
cadambaand L. leucocephala by using the following treatments: (1) untreated (control); (2) soaking in 100oC water
for 20seconds followed by soaking in water for 24 hours and 48 hours, respectively at room temperature.Results
showed that soaking in 100oC water for 20 seconds and subsequently in water at room temperature for 48 hours had
the highest seed germination rate, higher cumulative germination (CGP) and shortened the period of complete
dormancy (CDP) over soaking duration of 24 hours or untreated seeds before planting. A total of 120 seeds for each
treatment and three different EMS doses (0.1%, 0.3% and 0.6%) were used in the EMS-induced mutagenesis
studiesof N. cadamba and L. leucocephala. The results showed that the germination percentage, survivability and
seedling height were decreased, whereas lethality increased with the increasing of EMS doses. Among the N.
cadamba and L. leucocephala seedlings investigated, 0.6% EMS treated samples exhibited the highest level of
variability in comparison to 0.1% EMS treated samplesas revealed by using ISSR markers. This indicates that 0.6%
EMS treatment is much more beneficial as compared to other EMS treatments. Further, EMS has been successfully
used to produce a range of novel traits and broaden thegenetic diversityof N. cadamba and L. leucocephalaas
observed in the present study.
Key words: EMS, mutagenesis, genetic diversity, Neolamarckia cadamba, kelampayan, L. leucocephala, petai
belalang, ISSR
_____________________________________________________________________________________________
INTRODUCTION
Mutation is the ultimate source of all genetic variation. Spontaneous mutations occur at very low frequency
meanwhile induced mutations facilitate the development of improved varieties at a swifter rate as these mutations
typically occur at much higher frequencies than spontaneous mutations do [39]. Besides the vital role in plant
breeding programmes, a new role of induced mutations in releasing of gene silencing in transgenic plants has also
been reported [7]. Induced mutations have been successfully used to generate genetic variability and to improve
yield components of various crops like Oryza sativa [4, 56], Hordeum vulgare [51], Triticum durum [54], Sesame
indicum L. [41] and others.
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Chemical mutagen, such as ethyl methane sulfonate (EMS), a compound of the alkaline sulfonate series is widely
known to induce a higher frequency of mutations in higher plants. EMS usually causes high frequency of gene
mutations and low frequency of chromosome aberrations [63], but loss of a chromosome segment or deletion can
also be occurred in plants [46]. EMS alkylates guanine bases due to mispairing-alkylated G pairs with T instead of
C, resulting in primarily G/C to A/T transitions [6]. EMS has been used in rice at chosen concentration from 0.2 %
to 2.0 % for 10 h to 20 h based on the sensitivity or kill curve of the genotype used. EMS produces a large genome
number of non-lethal point mutations approximately 10,000 to saturate the genome with mutations. For instance in
Arabidopsis, EMS can produce more than four non-lethal point mutations per Mb [14]. Thus, EMS has the potential
of altering loci of particular interest without inducing a great number of closely linked mutations.
ISSR (Inter simple sequence repeat) has been found to be the most economical among PCR based markers recently.
It has many advantages like low quantities of template DNA, no need of sequence data for primer construction,
random distribution throughout the genome, high level of polymorphic bands, even using only a few primers [47],
less investment in time and labour than other markers, and exhibit Mendelian inheritance [25, 26, 62]. Therefore,
ISSR markers have been widely used for DNA fingerprinting studies [23], genetic diversity studies [22, 47, 48],
phylogenetic studies [27] and identification of closely related cultivars [21, 43].
Neolamarckia cadamba or locally known as kelampayan belongs to the family of Rubiaceae, has been selected as
one of the fast growing plantation species for planted forest development in Sarawak [28]. It is praised as a “miracle
tree” in China due to its fast growing characteristics and an ideal tree species to study genetic functions related to
tree growth and cell wall development [38]. It is one of the best sources of raw material for the plywood industry,
besides pulp and paper production. It can also be used as a shade tree for dipterocarp line planting, whilst its leaves,
barks, roots and fruits have medical applications [30]. It also has high potential to be utilized as one of the renewable
resource of raw materials for bioenergy production such as cellulosic biofuels in the near future.
Leucaena leucocephala or locally known as petai belalang belongs to family Leguminosae. It is a perennial
leguminous tree native to Central America with a wide distribution in the tropics and subtropics, and suitable for
growing in marginal and sub-marginal lands with a wide assortment of uses. It is cultivated for multipurpose uses,
e.g. forage or fodder, lumber, fence posts, fuelwood, charcoal, pulp and to soil improvement [37]. All parts of L.
leucocephala plants are edible to animals, including leaves, young stem, flowers, young and mature pods, and seeds
[11]. Leucaena foliage (leaflets plus stems) contains both nutrients and roughage and makes a ruminant feed roughly
comparable to alfalfa forage. It is a rich source of protein (15% to 38%) and the foliage is highly digestible [10]. The
leaves are also a rich source of carotenoids and vitamins.
Induced mutations have not been carried out in N. cadamba and L. leucocephala though there are important multipurpose tree species for agroforestry either for timber industry or as a feed for ruminants and non-ruminants
livestock, respectively. Our recent findings have documented that N. cadamba trees are genetically less diverse or
closely related to each other compared to other tree species [28, 61]. Cross-pollination between these closely related
trees can reduce seed quality through inbreeding. If these seeds used widely, it may actually reduce genetic diversity
and over time, make the plantings less resilient to changes in the environment. L. leucocephala is a highly selfcompatible tetraploid (2n = 4x = 104) and has a relatively narrow genetic base [10]. Induced mutations can be used
to facilitate the genetic enhancement of various qualitative and quantitative characters besides widening the genetic
base of both species.
Thus, the present study was aimed to broaden the genetic base of N. cadambaand L. leucocephalavia EMS-induced
mutagenesis. Various parameters such as seed germination, survival after germination, lethality and seedling height
were used to evaluate the effects of EMS doses on both species. The genetic variation of those EMS-induced N.
cadamba and L. leucocephalaseedlings was also determined by using ISSR markers.
MATERIALS AND METHODS
Plant materials and experimental design:
The seeds ofN. cadamba were obtained from the Seed Bank of Sarawak Forestry Corporation, Sarawak. L.
leucocephala seeds were obtained from the nursery of Forestry and Wood Technology Department, Faculty of
Agriculture, Alexandria University, Egypt. The completely randomized design containing four replicates was used
in the EMS study. Each replicate contained four treatments and 120 seeds. Meanwhile for the soaking duration in
100oC water study, a completely randomized design containing three replicates was used and each replicate
contained three treatments and 30 seeds for each species.
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The seed germination test:
The germination test was carried out according to the methods outlined in the "International Rules for Seed Testing
Rules" as published by the International Seed Testing Association ISTA. The seeds from both species were exposed
to the following treatments: (1) untreated (control); (2) soaking in 100oC water for 20 seconds followed by soaking
in water for 24 hours and 48 hours at room temperature, respectively. Three replicates were used each with 30 seeds.
30 seeds were soaked in water for 24 hours, 30 seeds were soaked in water for 48 hours and 30 seeds for the control
were not given any treatment for each species. After the treatment, those seeds were sown in trays of 50 holes and
contained sand and compost (3:1). The trays were watered for 25 days. Records consisted of daily count of
germinated seeds; complete dormancy period (CDP) and mean daily germination (MDG). Seeds were scored as
having germinated when the radical length was 1.5 mm long. Other parameters recorded were days to the
appearance of first true leaf and coefficient velocity of germination (CVG) which was calculated using the formula
outlined by Kotowski [35].
The mutagenic treatments:
Seeds were pre-soak in distilled water for one hour and then air dried before soaked in different EMS concentrations
in petri dishes for three hours. Laboratory temperature during the treatment was 21oC, whereas the relative humidity
was about 59%. Three different concentrations of EMS were used, i.e. 0% (distilled water), 0.1%, 0.3% and 0.6%.
After the treatment, seeds were washed in distilled water for 15 minutes; air dried and then soaked in 100oC water
for 20 seconds followed by soaking for 24 hours to 48 hours in 25oC water. The treated seeds were then sown in
seed trays for recording the germination behavior such as germination percentage, survival after germination and
maturation, and lethality over control (LOC). The germination percentage per treatment with four replicates was
counted and recorded on 21st day after seed sowing. Percentage of inhibition or stimulation over control (lethality
over control, LOC) was calculated as [Control – Treated / Control] x 100.Plant height was measured in centimeters
from the soil surface to the top of the longest branch. Measurements were taken after six months of planting.
DNA extraction and ISSR-PCR amplification:
Total genomic DNA was isolated from the fresh leaves of 47 N. cadamba and 51 L. leucocephala seedlings derived
from the EMS-induced mutagenesis study by using a modified CTAB method [19]. The PCR amplification was
carried out by using a Master Cycler Gradient PCR (eppendorf, Germany). 25 µl reaction mixture containing 20 ng
genomic DNA, 1x PCR buffer, 0.2 mM of each dNTPs, 2.5 mM MgCl2, 0.5 unit Taq DNA polymerase (Promega,
USA) and 10 pmol of (GTG)6 and (AC)8G ISSR primers for N. cadamba, and (GTG)6, and (GA)5GC ISSR primers
for L. leucocephala. The thermal cycling condition using (GTG)6 primerwas as follows: an initial denaturation
period of 2 minutes at 94 ºC was followed by 38 cycles of 30 seconds at 94 ºC, 30 seconds at 55.7 ºC, 1 minute at
72 ºC, and then 10 minutes at 72 ºC for final extension. However, it was programmed at 94°C for 2 minutes as the
initial denaturation step, 40 cycles of 30 seconds at 94°C, 30 seconds at 53°C for (AC)8G and 44°C for (GA)5GC, 1
minute at 72°C and final extension step at 72°C for 10 minutes. The amplification products were separated on a
1.5% agarose gel and 1kb DNA ladder (Promega, USA) was ran simultaneously. The agarose gel was documented
by using the UV-gel image acquisition camera (Geliance 200, Perkin Elmer).
ISSR data analysis:
The DNA bands produced at different loci were determined and named for each DNA sample. Banding profiles
generated were converted into a binary data matrices on the basis of present (1) or absent (0) of bands. Data scoring
is based on several criteria [67]: (1) locus is assumed as independent or non-allelic, (2) there is no bias in scoring
monomorphic fragments versus polymorphic fragments, (3) amplified loci are expected to be in the range of 250 bp
to 1500 bp, and (4) the similarity of fragment size is assumed to be the indicator of homology. The binary matrices
were used to estimate genetic diversity of N. cadamba and L. leucocephala.Genetic data analysis was performed by
using POPGENE version 1.32 software [68]by assuming Hardy-Weinberg equilibrium to calculate percentage of
polymorphic loci (P), Shannon’s diversity index (I), and Nei’s gene diversity [44].
RESULTS AND DISCUSSION
Effects of soaking duration in 100oC water at room temperatureforN. cadambaandL. leucocephala seeds:
The results obtained from the complete dormancy period, the cumulative germination percentage until nine days
after planting, the mean daily germination (MDG), the co-efficient velocity of germination (CVG), the days to 50%
germination and the days to first true leaf of these seeds which soaked in 100oC water for 20 seconds and then for
durations of 0 hour, 24 hours and 48 hours are summarized in Table 1. The results showed that the parameters were
significantly differed and affected. The complete dormancy period (CDP) of these seeds which soaked for durations
of 0 hour, 24 hours and 48 hours was 19.6%, 14.3% and 6.3% forN. cadamba and 12.3%, 10.3% and 4.3% forL.
leucocephala, respectively. The cumulative germination percentage (CGP) until nine days after planting was 0%,
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0% and 92.2% forN. cadamba and 0%, 0% and 95.9% forL. leucocephala, respectively. The different treatments
showed substantial variation in germination percentage at nine days after sowing.
Table 1:Effects of soaking duration in 100oC water at room temperature forN. cadamba and L. leucocephala seeds
Soaking duration in water (hours)

CDP

CGP

MDG CVG Days to 50% germination Days to first true leaf
N. cadamba
0
19.6a
0.0
1.0
0.05
22.7a
31.3a
b
0.0
1.3
0.06
17.0b
19.7b
24
14.3
48
6.3c
92.2
2.7
0.11
8.0c
13.7c
L. leucocephala
0.0
1.0
0.05
20.5a
28.5a
0
12.3a
24
10.3b
0.0
0.8
0.06
15.5b
19.0b
48
4.3c
95.9
0.5
0.13
7.0c
13.5c
LSD0.05 means in the same column within each item having different superscript are significantly different (p< 0.05)

Seeds soaked after 48 hours showed germination percentage of 92.2% and 95.9%, while seeds soaked after 24 hours
and the control both had no germination at 9 days after sowing for N. cadamba and L. leucocephala, respectively.
While various pre-treatment methods have been advocated to reduce dormancy and hasten germination, no single
pre-treatment technique has been found to be equally effective for all seeds in both species. The soaking in 100oC
water for 20 seconds and then soaked in water for 48 hours had the highest speed of germination, higher cumulative
germination percentage (CGP) and shortened the period of complete dormancy over soaking duration of 24 hours
and the control (Table 1) for N. cadamba and L. leucocephala. This result suggests that the seed germination rate
increases with the soaking duration of seeds as observed in this study.
The production of the first true leaf was earliest with 48 hours soaking and least with the untreated seeds. Those
untreated N. cadamba seeds normally take two to three weeks to germinate[57]. Argel and Paton [2] reported that L.
leucocephala seeds were scarified and then immersed in 60oC water for 15 to 30 minutes without affecting seed
viability and seedling vigor, but this was not as effective as soaking of theseeds in 100oC water for 4 seconds,
resulting in 82% germination [24]. Warrage and Eltigani [65] showed that the length of soaking period of seeds in
water was the most critical factor such as when soaking Acacia nilotica seeds in water for 18 weeks increased
germination and then decreased when increased the length of soaking. Water treatment of seeds was the best
alternative to sulfuric acid treatment, which is expensive and hazardous compared to water treatment.
Several reports had suggested that hot water treatments can be used to improve germination of hard coated seeds [5].
Hot-water treatments have been used successfully on large number of tropical and sub-tropicalseeds [17, 18, 50],
and in forestry for rural development programmes [40, 42]. This treatment has yielded additional benefit of
controlling coat-borne pathogens [29]. Sharma et al. [55]found that soaking seeds in 100oC water for 1 to 10 minutes
increasing the germination percentage 7 to 9 fold (94% to 100%) in a very short period of 4 to 6 days compared to
the control. They concluded that the optimum soaking duration of seedsin 100oC water was 1 minute with
germination percentage of 94% for A. lebbek, 5 minutes with 100% germination for L. leucocephala, and 10 minutes
with 94% and 98% germination for A. proceraand A. auriculiformis, respectively. Soaking the seeds of L.
leucocephala and A. farnesiana in 70°C water for 20minutes and then soaked for 72hours was more effective in
breaking seed dormancy than scarification, and the germination rate was above 97% [59].
Effects of EMStreatments in N. cadamba and L. leucocephala:
A total of 420 seeds for each species were used in this study and the seed germination ranged from 36.7% and 9.2%
in 0.6% EMS to 80.8% and 50.0% in the control samples for N. cadamba and L. leucocephala, respectively (Table
2). At the treatments level, the germination percentage was the highest (75.0% and 18.3%) in 0.1% EMS and the
lowest (36.7% and 9.2%) in 0.6% EMS for N. cadamba and L. leucocephala, respectively.These results indicate that
the germination percentage in all EMS treated(0.1%, 0.3% and 0.6%) samples were lower than the control
samples.The low germination percentage among the EMS treated samples might be due to the genotoxic effect of
EMS which could be arrested the cell cycle or genetic damage such as chromosomal aberrations [12]and thus
reducing the seed germination.
The survival of N. cadamba and L. leucocephala in the control samples was 35.0% and 37.5%, respectively (Table
2). However, it was decreased with the increasing doses of EMS. It was highest (29.2% and 18.3%) in 0.1% EMS
and lowest (15.0% and 9.2%) in 0.6% EMS for N. cadamba and L. leucocephala, respectively. The lethality was
highest (57.1% and 75.6%) in 0.6% EMS and lowest (16.7% and 51.1%) in 0.1% EMS for N. cadamba and L.
leucocephala, respectively. Similar findings were also reported in several other plant species such aspigeonpea [58],
Cyamopsis tetragonoloba variety Sharada [20], sorghum [52] and wheat [16].
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Table 2: Germination percentage of the EMS treatments for N. cadamba and L. leucocephala seeds

Treatment

No. of
seeds
treated

Control
0.1
0.3
0.6

120
120
120
120

Control
0.1
0.3
0.6

Survival
seedlingafter
germination

Germinationpercentage(%)

Survivalseedlingafter
6 months

Survival
percentage(%)

Seedling
height(cm)

Lethalityovercontrol(%)

N. cadamba
42a
35.0a
80.0a
b
b
35
29.2
64.8b
25c
20.8c
51.3c
18d
15.0d
37.5d
L. leucocephala
120
60a
50.0a
45a
37.5a
149.0a
b
b
120
22
18.3
22b
18.3b
138.0b
12.5c
15c
12.5c
127.7c
120
15c
120
11d
9.2d
11d
9.2d
126.4d
LSD0.05 means in the same column within each item having different superscript are significantly different (p< 0.05)
97a
90b
70c
44d

80.8a
75.0b
58.3c
36.7d

0.0
16.7c
40.5b
57.1a
0.0
51.1c
66.7b
75.6a

The seedling height in the control samples was 80 cm and 149 cmfor N. cadamba and L. leucocephala, respectively
(Table 2). It was reduced with an increase in the concentration of EMS, being highest (64.8 cm) in 0.1% EMS and
lowest (37.5 cm) in 0.6% EMSfor N. cadamba and also the gradual decrease in seedling height was recorded with an
increase in the concentration of EMS forL. leucocephala. The highest seedling height (138 cm) was observed in
0.1% EMS while the lowest (126.4 cm) was noted in 0.6% EMS. These results are in good agreement with Bhosale
and More [8], who reported that the seedling height was gradually decreased with an increase in EMS
concentrations in Withania somnifera. Similar reports were given in other plant species such astomato [34], chilly
plants [45], pigeonpea [58], barley[32] and rice [12, 31, 60, 64].
The survival of plants depends on the nature and extent of chromosomal damage. The increasing frequency of
chromosomal harm with increasing mutagenic doses may be responsible for the reduction in germination inability,
plant growth and survival [33]. Changes in the germination percentage were attributed to mutagenic treatments.
Furthermore, the genes near to the centromere are more sensitive and prone to mutagenic treatment than others.
Chlorophyll mutants were frequently observed among EMS doses but were rare among those treated with physical
mutagens [13]. The stimulating effect of physical mutation on germination may be credited to the activation of RNA
or protein synthesis. It may occur during the early stage of germination after the seeds are treated [1].
Phytochromes that are responsible for normal growth might have affected pre-synthetic level of DNA-RNA and
reduced the seedling height in rice [12]. Similarly, EMS reduced the seedling height in N. cadamba and L.
leucocephala might be due to the effect of EMS which can disrupt the synthesis of new DNA may have led to the
inhibition of seedling height in the present study. The germination, seedling growth and other plant characters can be
increased or decreased depend on the mutagenic doses [66, 69, 70]. The high-dose treatment that caused growth
inhibition has been ascribed to the cell cycle arrest during somatic cell division and/or various damages in the entire
genome [9].It can be concluded that the genetic damages increase with an increase in EMS doses and this has led to
the chances of getting more variables may also be increased.
Table 3:Estimates of standard genetic diversity parameters of N. cadamba and L. leucocephala by using ISSR markers. Figures in
parentheses are standard errors
Parameters

Sample size
N

Control
0.1% EMS
0.3% EMS
0.6% EMS
Mean

14
10
10
13

Control
0.1% EMS
0.3% EMS
0.6% EMS
Mean

14
12
14
11

Polymorphic loci Gene diversity
P (%)
h
N. cadamba
72.38
0.298 (0.055)
78.09
0.307 (0.062)
83.81
0.337 (0.056)
91.90
0.383 (0.038)
81.54
0.331 (0.052)
L. leucocephala
64.61
0.239 (0.056)
71.79
0.290 (0.058)
78.97
0.328 (0.052)
89.49
0.383 (0.045)
76.21
0.310 (0.052)

Shannon diversity index
I
0.4336 (0.077)
0.4488 (0.087)
0.4914 (0.078)
0.5562 (0.052)
0.4825 (0.073)
0.354 (0.079)
0.425 (0.082)
0.475 (0.072)
0.552 (0.062)
0.451 (0.074)

Genetic diversity of EMS-induced N. cadamba and L. leucocephala seedlings using ISSR markers:
In this study, 15 and 21 loci were generated by (GTG)6 primer respectively for N. cadamba and L. leucocephala,
meanwhile 15 loci generated by (AC)8G primer for N. cadamba and 13 loci were generated by (GA)5GC primer for
L. leucocephala.At the population level, the percentage of polymorphic loci (P) ranged from 64.61% and 72.38% in
the control samples to 89.49% and 91.90% in 0.6% EMS treated samples (Table 3), with an average of 81.54% and
76.21% forN. cadamba andL. leucocephala seedlings,respectively. The mean Nei’s gene diversity (h) varied
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between 0.2387 to 0.3832 with an average of 0.3100 and 0.3313 for L. leucocephala and N. cadamba
seedlings,respectively. Meanwhile, the mean Shannon’s diversity indices varied from 0.3536 to 0.5562, with an
average of 0.4514 and 0.4825 for L. leucocephala and N. cadamba seedlings,respectively. Among the samples
investigated, the highest and lowest levels of genetic variability occurred in the control samples (P: 71.79% and
78.09%; h: 0.2387 and 0.2985; I: 0.3536 and 0.4336) and 0.6% EMS treated samples (P: 89.49% and 91.90%; h:
0.3826 and 0.3832; I: 0.5520 and 0.5562) for L. leucocephala and N. cadamba seedlings,respectively. These results
indicate that all EMS treated (0.1%, 0.3% and 0.6%) samples were higher than the control in genetic variability.
The high genetic variation among the EMS treated samples may be explained by the disappearance of normal bands
and the appearance of new bands in comparison to the control due to the effects of EMS. Plants treated with
different concentrations of EMS showed differences in terms of disappearance of normal bands and the appearance
of new bands in comparison to the control and thus increase the genetic variability [15]. The new bands could be
related to mutation, while the disappearance of bands could be related to DNA damage, DNA methylation and
chromosomal damage, both of which resulted in generation of DNA polymorphism in the treated population [3].
The lower EMS concentration (0.1% EMS) had lower polymorphic loci (%), Shannon’s diversity index and Nei's
gene diversity. The higher number of bands was lost in 0.1% EMS treated samples than 0.6% EMS treated samples.
However, it was more or less equal number of lost bands in the intermediate concentrations (0.3% EMS). Our results
are in good agreement with Saba and Mirza [53]whofound that with an increase in EMS concentration, there was an
increase in the genetic variation in Lycopersicon esculentum. Similar results have also been reported for several
plants such as Capsicum annuum [49] and Avena sativa [36].
CONCLUSION
Mutation induction technology is widely used for developing improved new varieties through improving character
of direct importance, early maturity and tolerance to biotic and abiotic stresses. In addition, EMS has been used to
obtain high frequency of gene mutation and chromosomal alteration in different crops which led to evolve a number
of mutant varieties. For the purpose of plant breeding programme in tree species particularly in L. leucocephala and
N. cadamba, the treatments of chemical mutagen (EMS) with strong genetic effects are desirable. Hence, we used
EMS concentrations ranging from 0.1% to 0.6 % for plant genetic improvement in L. leucocephala and N. cadamba
of which higher concentrations, particularly 0.6% concentration of EMS was effective to influence the genetic
variation from our research. The effect of EMS on the genetic variation of the mutated seedlings for L. leucocephala
and N. cadamba with 0.6% EMS treatment is much more beneficial as compared to 0.1% and 0.3% EMS treatments.
From the current findings we concluded that the genetic variability was increased with an increase in the EMS
doses. Further, EMS has been successfully used to produce a range of novel traits and broadening of genetic
diversityof both species studied in the present study.
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