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ABSTRACT

This study was conducted to determine the efféethgl methanesulphonate (EMS) treatments on geedination
and the genetic diversity of EMS-induced Neolaniarckdamba and Leucaena leucocephala seedlingg USiBR
markers.The effects of soaking duration in °“@0vater on seed germination were also determined.fo
cadambaand L. leucocephala by using the followiegtments: (1) untreated (control); (2) soakinglid®C water
for 20seconds followed by soaking in water for 2k and 48 hours, respectively at room temperaResults
showed that soaking in 18D water for 20 seconds and subsequently in wates@h temperature for 48 hours had
the highest seed germination rate, higher cumwatiermination (CGP) and shortened the period of mete
dormancy (CDP) over soaking duration of 24 hoursiptreated seeds before planting. A total of 12@Isdor each
treatment and three different EMS doses (0.1%, 0a3%b 0.6%) were used in the EMS-induced mutagenesis
studiesof N. cadamba and L. leucocephala. The teeshlowed that the germination percentage, suriisaland
seedling height were decreased, whereas lethatityeased with the increasing of EMS doses. AmoegNh
cadamba and L. leucocephala seedlings investigade@®o EMS treated samples exhibited the highest lef/
variability in comparison to 0.1% EMS treated saesals revealed by using ISSR markers. This indithte$.6%
EMS treatment is much more beneficial as compaveattter EMS treatments. Further, EMS has been sgtaéy
used to produce a range of novel traits and broattegenetic diversityof N. cadamba and L. leucoatzas
observed in the present study.

Key words: EMS, mutagenesis, genetic diversityeolamarckia cadamhakelampayan]. leucocephala petai
belalang, ISSR

INTRODUCTION

Mutation is the ultimate source of all genetic a#idn. Spontaneous mutations occur at very low ueegy
meanwhile induced mutations facilitate the develepthof improved varieties at a swifter rate as ¢hemitations
typically occur at much higher frequencies thannsaoeous mutations do [39]. Besides the vital inlglant
breeding programmes, a new role of induced mutatinrreleasing of gene silencing in transgenic tgldnas also
been reported [7]. Induced mutations have beenessgfully used to generate genetic variability amdntprove
yield components of various crops likryza sativa4, 56], Hordeum vulgarg51], Triticum durum[54], Sesame
indicum L.[41] and others.
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Chemical mutagen, such as ethyl methane sulfol¥tS), a compound of the alkaline sulfonate sesewitdely
known to induce a higher frequency of mutationshigher plants. EMS usually causes high frequencygenfe
mutations and low frequency of chromosome abemat[63], but loss of a chromosome segment or aeletan
also be occurred in plants [46]. EMS alkylates guafases due to mispairing-alkylated G pairs Witimstead of
C, resulting in primarily G/C to A/T transitions][EEMS has been used in rice at chosen concemnir&tion 0.2 %

to 2.0 % for 10 h to 20 h based on the sensitieitkill curve of the genotype used. EMS producéarge genome
number of non-lethal point mutations approximately000 to saturate the genome with mutations. R&tance in
Arabidopsis EMS can produce more than four non-lethal poiatations per Mb [14]. Thus, EMS has the potential
of altering loci of particular interest without incing a great number of closely linked mutations.

ISSR (Inter simple sequence repeat) has been fioubd the most economical among PCR based mardessity.
It has many advantages like low quantities of texigDNA, no need of sequence data for primer cocitstm,
random distribution throughout the genome, higlelef polymorphic bands, even using only a few tign[47],
less investment in time and labour than other markend exhibit Mendelian inheritance [25, 26, 6jerefore,
ISSR markers have been widely used for DNA fingetpmg studies [23], genetic diversity studies [2Z, 48],
phylogenetic studies [27] and identification ofs®ty related cultivars [21, 43].

Neolamarckia cadambar locally known as kelampayan belongs to the fami Rubiaceae, has been selected as
one of the fast growing plantation species for f@drforest development in Sarawak [28]. It is prdias a “miracle
tree” in China due to its fast growing charact@sstand an ideal tree species to study genetictiimg related to
tree growth and cell wall development [38]. It isecof the best sources of raw material for the plysivindustry,
besides pulp and paper production. It can alsoskd as a shade tree for dipterocarp line plantihgst its leaves,
barks, roots and fruits have medical applicati@®®j.[It also has high potential to be utilized as of the renewable
resource of raw materials for bioenergy productioch as cellulosic biofuels in the near future.

Leucaena leucocephalar locally known as petai belalang belongs to fantieguminosae. It is a perennial
leguminous tree native to Central America with @evdistribution in the tropics and subtropics, andable for
growing in marginal and sub-marginal lands with idevassortment of uses. It is cultivated for muitfose uses,
e.g. forage or fodder, lumber, fence posts, fueblyaharcoal, pulp and to soil improvement [37]. pdrts ofL.
leucocephalglants are edible to animals, including leavesingpstem, flowers, young and mature pods, and seeds
[11]. Leucaendoliage (leaflets plus stems) contains both natsend roughage and makes a ruminant feed roughly
comparable to alfalfa forage. It is a rich sourEerotein (15% to 38%) and the foliage is highlgestible [10]. The
leaves are also a rich source of carotenoids d@adirs.

Induced mutations have not been carried olN.ikadambaandL. leucocephaldhough there are important multi-
purpose tree species for agroforestry either fnbdér industry or as a feed for ruminants and nanimants
livestock, respectively. Our recent findings haweeumented thall. cadambarees are genetically less diverse or
closely related to each other compared to otherspecies [28, 61]. Cross-pollination between tlodssely related
trees can reduce seed quality through inbreedinbese seeds used widely, it may actually redesestic diversity
and over time, make the plantings less resilienthtanges in the environmemt. leucocephalds a highly self-
compatible tetraploid (2n = 4x = 104) and has atietly narrow genetic base [10]. Induced mutatioas be used
to facilitate the genetic enhancement of variouslitptive and quantitative characters besides wiidgthe genetic
base of both species.

Thus, the present study was aimed to broaden thetigdbase oN. cadambandL. leucocephaleia EMS-induced
mutagenesis. Various parameters such as seed gdioninsurvival after germination, lethality andeding height
were used to evaluate the effects of EMS dosesotim $pecies. The genetic variation of those EM%ided N.

cadambaandL. leucocephalseedlings was also determined by using ISSR markers

MATERIALS AND METHODS

Plant materials and experimental design:

The seeds ®f. cadambawere obtained from the Seed Bank of Sarawak FgreStrporation, SarawakL.
leucocephalaseeds were obtained from the nursery of Foresid/ Wood Technology Department, Faculty of
Agriculture, Alexandria University, Egypt. The colegely randomized design containing four replicates used

in the EMS study. Each replicate contained fouattreents and 120 seeds. Meanwhile for the soakingtida in
100°C water study, a completely randomized design doin three replicates was used and each replicate
contained three treatments and 30 seeds for eaciesp
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The seed germination test:

The germination test was carried out accordindhéorhethods outlined in the "International RulesSeed Testing
Rules" as published by the International Seed fgsgtissociation ISTA. The seeds from both specie® w&posed

to the following treatments: (1) untreated (contr@®) soaking in 10U water for 20 seconds followed by soaking
in water for 24 hours and 48 hours at room tempegatespectively. Three replicates were used e@bh30 seeds.
30 seeds were soaked in water for 24 hours, 3Gssee soaked in water for 48 hours and 30 seedbhdacontrol
were not given any treatment for each species.r Alfte treatment, those seeds were sown in trag® dfoles and
contained sand and compost (3:1). The trays wererad for 25 days. Records consisted of daily caafnt
germinated seeds; complete dormancy period (CDB)na@an daily germination (MDG). Seeds were scored a
having germinated when the radical length was 1rd hoang. Other parameters recorded were days to the
appearance of first true leaf and coefficient vitdjoof germination (CVG) which was calculated usithg formula
outlined by Kotowski [35].

The mutagenic treatments:

Seeds were pre-soak in distilled water for one lamut then air dried before soaked in different Edd8centrations
in petri dishes for three hours. Laboratory tempeeaduring the treatment was®Zl whereas the relative humidity
was about 59%. Three different concentrations ofSEMere used, i.e. 0% (distilled water), 0.1%, 089 0.6%.
After the treatment, seeds were washed in distiNater for 15 minutes; air dried and then soaketl0&°C water
for 20 seconds followed by soaking for 24 hourgt8hours in 2%C water. The treated seeds were then sown in
seed trays for recording the germination behavimhsas germination percentage, survival after geatiin and
maturation, and lethality over control (LOC). Thermination percentage per treatment with four oepéis was
counted and recorded on®2day after seed sowing. Percentage of inhibitiostionulation over control (lethality
over control, LOC) was calculated as [Control —akeel / Control] x 100.Plant height was measureckintimeters
from the soil surface to the top of the longesnbha Measurements were taken after six monthsawtiplg.

DNA extraction and | SSR-PCR amplification:

Total genomic DNA was isolated from the fresh lesag€47N. cadambaand 51L. leucocephalaseedlings derived
from the EMS-induced mutagenesis study by usingodified CTAB method [19]. The PCR amplification was
carried out by using a Master Cycler Gradient PEppéndorf, Germany). 24 reaction mixture containing 20 ng
genomic DNA, 1x PCR buffer, 0.2 mM of each dNTP& &M MgCh, 0.5 unitTaqg DNA polymerase (Promega,
USA) and 10 pmol of (GTG@)and (AC}G ISSR primers foN. cadambaand (GTG) and (GA}GC ISSR primers
for L. leucocephalaThe thermal cycling condition using (GTGprimerwas as follows: an initial denaturation
period of 2 minutes at 94 °C was followed by 38ley of 30 seconds at 94 °C, 30 seconds at 55.7 Athute at
72 °C, and then 10 minutes at 72 °C for final esitem However, it was programmed at 94°C for 2 r@slas the
initial denaturation step, 40 cycles of 30 secaaid84°C, 30 seconds at 53°C for (AG)and 44°C for (GAGC 1
minute at 72°C and final extension step at 72°Clforminutes. The amplification products were segdran a
1.5% agarose gel and 1kb DNA ladder (Promega, U ran simultaneously. The agarose gel was dodehen
by using the UV-gel image acquisition camera (Ge&l&a200, Perkin Elmer).

| SSR data analysis:

The DNA bands produced at different loci were deteed and named for each DNA sample. Banding @®fil
generated were converted into a binary data matooethe basis of present (1) or absent (0) of ©idbdta scoring

is based on several criteria [67]: (1) locus isuassd as independent or non-allelic, (2) there idias in scoring
monomorphic fragments versus polymorphic fragmg@isamplified loci are expected to be in the ran§@50 bp

to 1500 bp, and (4) the similarity of fragment sig@ssumed to be the indicator of homology. Tmatyi matrices
were used to estimate genetic diversitiNofcadambandL. leucocephal&@enetic data analysis was performed by
using POPGENE version 1.32 software [68]by assuriiagdy-Weinberg equilibrium to calculate percentade
polymorphic loci P), Shannon’s diversity indeX)( and Nei's gene diversity [44].

RESULTS AND DISCUSSION

Effects of soaking duration in 100°C water at room temperatureforN. cadambaandL . leucocephala seeds:

The results obtained from the complete dormancyogethe cumulative germination percentage untiendays
after planting, the mean daily germination (MDGie tto-efficient velocity of germination (CVG), thays to 50%
germination and the days to first true leaf of ¢heseds which soaked in £Q0water for 20 seconds and then for
durations of 0 hour, 24 hours and 48 hours are sammed inTable 1L The results showed that the parameters were
significantly differed and affected. The completardancy period (CDP) of these seeds which soakeduations

of 0 hour, 24 hours and 48 hours was 19.6%, 14.8&06a3% foN. cadambaand 12.3%, 10.3% and 4.3% Ifor
leucocephalarespectively. The cumulative germination percgat@CGP) until nine days after planting was 0%,
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0% and 92.2% fdd. cadambaand 0%, 0% and 95.9% farleucocephalarespectively. The different treatments
showed substantial variation in germination per@gatat nine days after sowing.

Table 1:Effects of soaking duration in 108C water at room temperature forN. cadamba and L. leucocephala seeds

Soaking duration in water (hours) CDP CGP MDG CVG ay®to 50% germination  Days to first true leaf

N. cadamba
0 19.6 0.0 1.0 0.05 227 31.3
24 143 0.0 1.3 0.06 170 19.7
48 63 922 27 0.11 890 13.7
L. leucocephala
0 123 0.0 1.0 0.05 20% 28.8
24 103 0.0 0.8 0.06 155 19.0
48 43 959 05 0.13 790 13.5

LSDyesmeans in the same column within each item haviffigreint superscript are significantly different (8<05)

Seeds soaked after 48 hours showed germinatioemqage of 92.2% and 95.9%, while seeds soaked2fthours
and the control both had no germination at 9 dditgs aowing forN. cadambaandL. leucocephalarespectively.
While various pre-treatment methods have been adgdcto reduce dormancy and hasten germinatiorsjnge
pre-treatment technique has been found to be guefftictive for all seeds in both species. The Bupin 100C
water for 20 seconds and then soaked in water§drotirs had the highest speed of germination, higheaulative
germination percentage (CGP) and shortened thegefi complete dormancy over soaking duration ofh2drs
and the controlTable 1) for N. cadambaandL. leucocephalaThis result suggests that the seed germinatitan ra
increases with the soaking duration of seeds asredd in this study.

The production of the first true leaf was earliesh 48 hours soaking and least with the untreateelds. Those
untreated\. cadambaseeds normally take two to three weeks to gerniibaleArgel and Paton [2] reported that
leucocephalaseeds were scarified and then immersed fiC60ater for 15 to 30 minutes without affecting seed
viability and seedling vigor, but this was not dfeetive as soaking of theseeds in ¥00water for 4 seconds,
resulting in 82% germination [24]. Warrage and datii [65] showed that the length of soaking pedbdeeds in
water was the most critical factor such as wherkisgaAcacia niloticaseeds in water for 18 weeks increased
germination and then decreased when increasedetigthl of soaking. Water treatment of seeds wasbhtw
alternative to sulfuric acid treatment, which ipersive and hazardous compared to water treatment.

Several reports had suggested that hot water tes#isncan be used to improve germination of hartedoseeds [5].
Hot-water treatments have been used successfullarge number of tropical and sub-tropicalseeds [ 50],
and in forestry for rural development programmes8, [42]. This treatment has yielded additional biénef
controlling coat-borne pathogens [29]. Sharma.g6&lfound that soaking seeds in 2G0vater for 1 to 10 minutes
increasing the germination percentage 7 to 9 B4 to 100%) in a very short period of 4 to 6 degmpared to
the control. They concluded that the optimum scgkituration of seedsin 180 water was 1 minute with
germination percentage of 94% fr lebbek5 minutes with 100% germination for leucocephalaand 10 minutes
with 94% and 98% germination foA. procerand A. auriculiformis respectively. Soaking the seeds laof
leucocephalaand A. farnesianain 70°C water for 20minutes and then soaked fdroti2s was more effective in
breaking seed dormancy than scarification, andyémeination rate was above 97% [59].

Effects of EM Streatmentsin N. cadamba and L. leucocephala:

A total of 420 seeds for each species were us#udsrstudy and the seed germination ranged from%@nd 9.2%

in 0.6% EMS to 80.8% and 50.0% in the control sa®brN. cadambandL. leucocephalarespectively Table

2). At the treatments level, the germination peragatwas the highest (75.0% and 18.3%) in 0.1% ENtbtlhe
lowest (36.7% and 9.2%) in 0.6% EMS fdr cadambaandL. leucocephalarespectively. These results indicate that
the germination percentage in all EMS treated(0.028% and 0.6%) samples were lower than the control
samples.The low germination percentage among th8 E®hted samples might be due to the genotoxactetf
EMS which could be arrested the cell cycle or gendamage such as chromosomal aberrations [12]aunsl t
reducing the seed germination.

The survival ofN. cadambaandL. leucocephalan the control samples was 35.0% and 37.5%, réispdc(Table
2). However, it was decreased with the increasinged®f EMS. It was highest (29.2% and 18.3%) ifOBMS
and lowest (15.0% and 9.2%) in 0.6% EMS farcadambaandL. leucocephalarespectively. The lethality was
highest (57.1% and 75.6%) in 0.6% EMS and lowe6t7% and 51.1%) in 0.1% EMS fot. cadambaand L.
leucocephalarespectively. Similar findings were also reporiedeveral other plant species such aspigeon@a [5
Cyamopsis tetragonolobzariety Sharada [20], sorghum [52] and wheat [16].
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Table 2: Germination percentage of the EMS treatmets for N. cadamba and L. leucocephala seeds

No. of Survival

Treatment seeds seedlingafter Germinationpercentage(%) Survivalseediingafter Survival Seedling

Lethalityovercontrol(%)

treated germination 6 months percentage(%) height(cm)
N. cadamba
Control 120 97 80.8 47 35.0 80.0 0.0
0.1 120 90 75.0 38 29.2 64.8 16.7
0.3 120 70 58.3 25 20.8 51.3 408
0.6 120 44 36.7 18 15.0 37.8 57.F
L. leucocephala
Control 120 60 50.0 45 37.8 149.0 0.0
0.1 120 2% 18.3 22 18.3 138.0 51.1
0.3 120 15 12.5 15 12.5 127.7 66.7
0.6 120 11 9.2 12¢ 9.2 126.4 75.6

LSDyesmeans in the same column within each item haviffigreint superscript are significantly different (8<05)

The seedling height in the control samples wasrB8@ued 149 cmfoN. cadambaandL. leucocephalarespectively
(Table 2). It was reduced with an increase in the concéatraof EMS, being highest (64.8 cm) in 0.1% EMS&i an
lowest (37.5 cm) in 0.6% EMSfd. cadamband also the gradual decrease in seedling heightezmrded with an
increase in the concentration of EMSlfoteucocephalaThe highest seedling height (138 cm) was obsemed
0.1% EMS while the lowest (126.4 cm) was noted.B?® EMS. These results are in good agreement withs&le
and More [8], who reported that the seedling heiglats gradually decreased with an increase in EMS
concentrations iWithania somniferaSimilar reports were given in other plant specesh astomato [34], chilly
plants [45], pigeonpea [58], barley[32] and ric&,[31, 60, 64].

The survival of plants depends on the nature andné)f chromosomal damage. The increasing frequefc
chromosomal harm with increasing mutagenic dosesbearesponsible for the reduction in germinatioability,

plant growth and survival [33]. Changes in the geation percentage were attributed to mutageniatinents.
Furthermore, the genes near to the centromere are sensitive and prone to mutagenic treatment dibers.
Chlorophyll mutants were frequently observed amBMfS doses but were rare among those treated withiqsi

mutagens [13]. The stimulating effect of physicaitation on germination may be credited to the atitim of RNA

or protein synthesis. It may occur during the eathge of germination after the seeds are tredfed [

Phytochromes that are responsible for normal grawigjht have affected pre-synthetic level of DNA-RNxd
reduced the seedling height in rice [12]. SimilalyMS reduced the seedling height fh cadambaand L.
leucocephalamight be due to the effect of EMS which can disrilne synthesis of new DNA may have led to the
inhibition of seedling height in the present stutiize germination, seedling growth and other pléatracters can be
increased or decreased depend on the mutagenis f8&e69, 70]. The high-dose treatment that cawgsedth
inhibition has been ascribed to the cell cyclesrdairing somatic cell division and/or various dge®in the entire
genome [9].It can be concluded that the geneticadg® increase with an increase in EMS doses asidhdlsiled to
the chances of getting more variables may alsatreased.

Table 3:Estimates of standard genetic diversity paameters ofN. cadamba and L. leucocephala by using ISSR markers. Figures in
parentheses are standard errors

Sample size Polymorphic loci Gene diversity Shannon diversity index
Parameters
N P (%) h I
N. cadamba
Control 14 72.38 0.298 (0.055) 0.4336 (0.077)
0.1% EMS 10 78.09 0.307 (0.062) 0.4488 (0.087)
0.3% EMS 10 83.81 0.337 (0.056) 0.4914 (0.078)
0.6% EMS 13 91.90 0.383 (0.038) 0.5562 (0.052)
Mean 81.54 0.331 (0.052) 0.4825 (0.073)
L. leucocephala
Control 14 64.61 0.239 (0.056) 0.354 (0.079)
0.1% EMS 12 71.79 0.290 (0.058) 0.425 (0.082)
0.3% EMS 14 78.97 0.328 (0.052) 0.475 (0.072)
0.6% EMS 11 89.49 0.383 (0.045) 0.552 (0.062)
Mean 76.21 0.310 (0.052) 0.451 (0.074)

Genetic diversity of EMS-induced N. cadamba and L. leucocephala seedlings using | SSR markers:

In this study, 15 and 21 loci were generated by&gTprimer respectively foN. cadambaand L. leucocephala
meanwhile 15 loci generated by (AG)primer forN. cadambaand 13 loci were generated by (G&L primer for

L. leucocephalat the population level, the percentage of polynmicgoci (P) ranged from 64.61% and 72.38% in
the control samples to 89.49% and 91.90% in 0.6%&HEMated sample3éble 3), with an average of 81.54% and
76.21% foN. cadambaand.. leucocephalaseedlings,respectively. The mean Nei's gene dityer@i) varied
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between 0.2387 to 0.3832 with an average of 0.3a068 0.3313 forL. leucocephalaand N. cadamba
seedlings,respectively. Meanwhile, the mean Shadendinersity indices varied from 0.3536 to 0.556@th an
average of 0.4514 and 0.4825 for leucocephalaand N. cadambaseedlings,respectively. Among the samples
investigated, the highest and lowest levels of ienariability occurred in the control samples (P.79% and
78.09%; h: 0.2387 and 0.2985; I: 0.3536 and 0.4338) 0.6% EMS treated samples (P: 89.49% and 91.80%
0.3826 and 0.3832; I: 0.5520 and 0.5562)LfoleucocephalandN. cadambaseedlings,respectively. These results
indicate that all EMS treated (0.1%, 0.3% and 0.68&@hples were higher than the control in genetizkidity.

The high genetic variation among the EMS treatedpdas may be explained by the disappearance ofaldramds
and the appearance of new bands in comparisonetadhtrol due to the effects of EMS. Plants treatetth
different concentrations of EMS showed differeniceerms of disappearance of normal bands andgpheaance
of new bands in comparison to the control and thagease the genetic variability [15]. The new moduld be
related to mutation, while the disappearance ofdbarould be related to DNA damage, DNA methylatom
chromosomal damage, both of which resulted in gimer of DNA polymorphism in the treated populati®j.
The lower EMS concentration (0.1% EMS) had lowelyporphic loci (%), Shannon’s diversity index anaiN
gene diversity. The higher number of bands wasito8t1% EMS treated samples than 0.6% EMS tresdeaples.
However, it was more or less equal number of lastds in the intermediate concentrations (0.3% ENISJ.results
are in good agreement with Saba and Mirza [53]whidothat with an increase in EMS concentrationietlveas an
increase in the genetic variation liycopersicon esculentun®imilar results have also been reported for several
plants such a€apsicum annuurf®9] andAvena sativ436].

CONCLUSION

Mutation induction technology is widely used forvadbping improved new varieties through improvirnacter

of direct importance, early maturity and tolerateéiotic and abiotic stresses. In addition, EMS haen used to
obtain high frequency of gene mutation and chrom@alteration in different crops which led to exebh number

of mutant varieties. For the purpose of plant biregg@rogramme in tree species particularly.ideucocephaland

N. cadambathe treatments of chemical mutagen (EMS) witbragrgenetic effects are desirable. Hence, we used
EMS concentrations ranging from 0.1% to 0.6 % fanpgenetic improvement in leucocephalandN. cadamba

of which higher concentrations, particularly 0.6%ncentration of EMS was effective to influence thenetic
variation from our research. The effect of EMS lo@ gjenetic variation of the mutated seedlingd fdeucocephala
andN. cadambawith 0.6% EMS treatment is much more beneficiad@spared to 0.1% and 0.3% EMS treatments.
From the current findings we concluded that theegienvariability was increased with an increasetia EMS
doses. Further, EMS has been successfully usedoupe a range of novel traits and broadening ofetie
diversityof both species studied in the preserdystu
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