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ABSTRACT

Neolamarckia cadamba or commonly known as kelampagas been selected as one of the important plantat
tree species in Malaysia. Thus, the molecular cb@ndzation of this indigenous tropical tree specis needed to
maintain its high quality. Inter simple sequenceeats (ISSR) markers were used in this study terméte the
genetic diversity and relatedness of N. cadambtwim planted forests and six natural forests in Sa&hk. Three
ISSR primers had generated atotal of 239 loci, loictv 32.6% - 59.4% of the loci were polymorphic ag236N.
cadamba treesin eight populations. The mean Shasardigersity index (l)ranged from 0.1399 to 0.239%he
coefficient of population differentiation was lowr fplanted forests (¢ = 0.0871) and natural forests (Gst =
0.2013%). Both UPGMA dendrogram and NJ-tree geregtady ISSR markers had divided natural forests and
planted forests into two distinct clusters. Natufatests were grouped in one cluster while plarfie@sts were
grouped in another cluster. This study shows that@lamba trees are closely related within its quapulation
and its designated forest type. In future, sevspacific loci can be sequenced and developed BRRS(sequence
characterized amplification region) markers fordrenprovement and conservation programme of N. icdda

Keywords: Genetic DiversityNeolamarckia cadambadelampayan, Inter simple sequence repeats (IS3)ted
Forest, Tree Improvement.

INTRODUCTION

Forest plantations have become increasingly impomawadays as a result of extensive deforestatativities.

Human beings have been utilizing forest trees &arades as a source of materials for providing ehdliel, food,
fiber, medicinal plants and others. The price dluistrial woodshad thus increase due to the degliaimilability of

harvesting native forests. This phenomenon hasghitdo the initiation of industrial forest tree ptang. In the past,
reforestation involved replanting of existing wiltkes regardless of the genotypic trait. To datetebhnology
approaches have been used to select tree spedlesawgeted characteristics, such as short rotgtenod and
higher yields at the molecular level.

DNA markers are used in molecular characterizabienause DNA markers can act rapidly and econoryitall
characterize cultivars, provenances or genotypesisgly and enable the measurement of genetidameddips [1].
Some DNA marker systems that are commonly used iavolved PCR amplification are random amplified
polymorphic DNA (RAPD), amplified fragment lengtlolgmorphism (AFLP) and more recently, simple seqeen
repeat (SSR) and inter simple sequence repeatR)IR$ They have been widely used in genetic asialygene
mapping and genotype identification of forest trgmecies. ISSR-PCR has an advantage over other DNA
fingerprinting methods such as it is fast, requiresadioactive handling facilities and involvesiwmal cost.

Polymorphism may be occurring within a species tumutation or crossover of the chromosome [3]hailigh
there are no significant differences in morpholetparacteristics, polymorphism will still cause aasips to have
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different gene sequence between individuals. Thay mauses the cultivation of undesired trait beeatibas the
similar morphology with the desired trait. One bétearly approaches that can be done is by scgeémingenetic
variation by using molecular DNA markers.

Hence, the main objective of this study was to rieitee the genetic diversity and genetic relatedoéste selected
Neolamarckiacadambé&rees from six natural forests and two planteegdtsin Sarawak, Malaysia byusing ISSR-
PCR markersN. cadambaor locally known as Kelampayan is one of the exag and fast growing tropical forest
tree species [4]. These characteristics have catitedoe cultivated worldwide, especially in trogl regions. In
Malaysia,N. cadambahas been selected as one of the plantation tessespin forest rehabilitation projects due to
its short rotation period which can give early coenomal returns within 8-10 years.

MATERIALS AND METHODS

Plant materials:Fresh leaf samples &f.cadambavere collected from six natural forests (i.e., $ajaiu in Bintulu,
Lawas, Matang, Simunjang, Mukah Hill and Niah) amd planted forests (i.e., Nanga Dap, Kanowit aagit,
Song). Approximately 25 to 38 cadambdrees were collected from each population.

Total genomic DNA isolation: DNA was extracted from the leaf samples accordindp¢ modified CTAB method
[5]. The leaf was ground in the presence of lignittogen and incubatedin 1 mL preheated CTAB eximac
solution (2% (w/v) CTAB buffer, 100mM Tris-Cl at @D, 20mM EDTA at pH8.0, 1.4M NaCl and 2% (vf3?
mercaptoethanol) for 1 hour. Equal volume of 24:/&)( chloroform/isoamyl alcohol was added and dérged
twice before precipitated the DNA with 2/3 volumiigopropanol. The precipitate was washed with ##@anol,
dried and resuspended in 30 pL sterile ultra-pustewy The extracted DNA sample was purified ushey\Wizard
Genomic DNA Purification Kit (Promega, USA). Thesuspended DNA was topped up with distilled ultraepu
water to 600 pL and added with 3 pL of 4 mg/mL R&Raginvitrogen, Brazil). After incubated at 37°Qr fb hour,
200 pL of Protein Precipitate Solution was added @ntrifuged, followed by incubation in 600 pLpsopanol at -
20°C for 30 minutes. The precipitate was washetl W% ethanol, dried and resuspended in steritapulte water.
DNA was stored at -20°C until further used.

ISSR-PCR: Three microsatellite primers namely: (Ag)(AG),0 and (GTGy were used in this project to amplify
the ISSR region (Figure 1). PCR was carried ouubsiyng a Mastercycler Gradient PCR (eppendorf, Gayna
DNA amplification was carried out in 25 L reactieolume containing 1x PCR buffer (10 mM Tris-HClpad 8.8
and 50 mMKCI), 2.5 mM MgG| 0.2 mM of each dNTPs (dATP, dCTP, dTTP and dGDH,unit ofTaq DNA
polymerase (Promega, USA), 10.0 pmol/pL of primed 8ng of genomic DNA. The thermal cycling profilas
programmed at 94°C for 2 minutes as the initialaderation step, 39 cycles of 30 seconds at 94°Ge80Onds at
65°C for (GTG}), 57.8°C for (AC)o and 59.1°C for (AG), 1 minute at 72°C and final extension step at /A0
minutes.The amplification products were then subjkto 1.5% agarose gel electrophoresis at 80\2 foours and
stained with 1X Gelstar Nucleic Acid Gel Satin (Gaex, USA) for 30 minutes. The gel with amplificati
products was visualized using the UV transillumimaand documented using Geliance 200 Imaging System
(PerkinElmer, USA).

Data analysis: The DNA bands produced at different loci were dateed and named for each DNA sample.
Banding profiles generated were converted intorayi data matrices on the basis of present (1psera (0) of
bands. Data scoring is based on several critef)aotus is assumed as independent or non-all@)cthere is no
bias in scoring monomorphic fragments versus pohpiic fragments, (3) amplified loci are expected®in the
range of 250 bp to 1500 bp, and (4) the similasitfragment size is assumed to be the indicatdroofiology. The
binary matrices were used to estimate DNA polymmmphor genetic diversity and genetic relatedness of
N.cadamba Genetic data analysis was performed by using FENESversion 1.32 software by assuming Hardy-
Weinberg equilibrium to calculate percentage ofyparphic loci ), Shannon’s diversity indeX)( and Nei’s
(1978) [6] coefficient of population differentiatio (Gst)value. Pairwise standard genetic distancevesn
populations based on the Nei's genetic distancew@ calculated by using PowerMarker version 3 &5t
construct UPGMA dendrogram.Clustering ofall Khecadambttees in natural and planted forests was also
performed based on the shared allele distabggd10]byusing PowerMarker version 3.25 and neighboiming
tree was constructedby usiMtEGA version 4 [9].

RESULTS AND DISCUSSION
A total of 236N. cadambdrees were analyzed in the present study. Thieeted dominant markers had produced

different number of ISSR bands, depends on thegirgsequence and the extent of variation in speggicotype
[11]. 138 loci were generated and the percentagmlyimorphic loci ranged from 32.6% to 59.4% (Tab)e with
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an average of 45.19%he mean Shannon’s diversity indices of all popoiet deviated from the maximum val
(1.000) of possible diversity for a species. Theam8hannon's diversity indices ranging from 0.1890.2354 an
this indicates thatN. cadambatrees are genetically less diverse within the pafah examined. Further lo
percentage of polymorphic loci also indicates IN. cadambas genetically less diverse when compared to ¢

plant species, such as tedle¢tonagrandi plustreethat has 95.5% polymorphic loci [1] i Asparagus acutifolius
L. with 100% polymorphic loci [12]

Table 1: Estimates of genetic diversity measures N. cadamba from eight selected forests in Sarawe

Forest Type Location n | P (%)
Bintulu 29 0.2354 59.42
Lawas 29 0.1863 53.62

Natural forest M_atang 29 0.1681 47.10
Niah 31 0.1555 45.65

Simunjan 30 0.1565 43.38
Mukah Hill 28 0.1543 41.30
Kanowit 30 0.1399 3261
Planted forest o, 30 01597 37.68
n = number of samples; | = MesShannon'’s diversity index; P = percentage of polgghi loci
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Figure 1: ISSR DNA profiles ofN. cadamba (samples from Song, planted forest) generated by ing (a) (GTG)s (5’
GTGGTGGTGGTGGTGGTG 3), (b) (AC) 10 (5° ACACACACACACACACACAC 3) and (c) (AG) 10 (5’
AGAGAGAGAGAGAGAGAGAG 3’) primers
100 bp DNA ladder was used as DNA size markers.
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Figure 2: UPGMA dendrogram showing relationships based on Bi's genetic distanc{7] of N. cadamba trees between six natural fores
(Bintulu, Lawas, Matang, Mukah Hill, Simunjan and Niah) and two planted forests (Kanowit and Songby using ISSR data
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Figure 3: Neighbour-joining tree of 236 individualsof N. cadamba in eight forests performed using shared allele diance, Ds,[10] based
on proportion of shared alleles from three ISSR makers. Each tip represents a single individual

The coefficient of population differentiationfsof six natural forests and two planted forests Wa2013 and
0.0871, respectively. ThisGralue was considered low as compared to otheriepsach aeriopstagalGst=
0.529) [13],C. decandrgd.882) [14],Hageniaabyssinig@st= 0.25) [15] andaxus faunaGst= 0.5842) [16]. The
low genetic differentiation value was also obserwedther species such &horealeprosulaGst= 0.085 [17],
Larixpotaninii, Gst= 0.116 [18] an@alocedrusmacrolepjssst= 0.042 [19]. The low level of genetic diffetiation
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among populations oN. cadambamay be due to long-distance gene flow that hasiroed over fairly large
geographical areas. As explained by Hametlal (1992)[20], long-lived woody species with largeographic
ranges, outcrossing breeding systems, and win@nional-dispersed seeds typically display less tiarnaamong
populations. Further studies are needed becauseithiack of evidence regarding the reproductivdolgy as well
as pollen and seed dispersal mechanisnis chdamba

Among the two planted forests studidd, cadambain Kanowit's planted forest were most closely teth
(1=0.1399) compared to Song’s planted forest thatahlaigher genetic diversitylevelH0.1597). This phenomenon
might be due to the seedlings or planting mateviedse originated from various sources or mothesréleanwhile
for the six natural forests, Bintulu’'s populatioashthe most diversd. cadambarees [ = 0.2354) compared to
other natural forests. On the other haddcadamban Mukah Hill are most closely relatetl£ 0.1555) compared
to other natural forests.

Figure 2shows the genetic relationship of natuocskdts and planted forests in Sarawak. UPGMA demdm
generated based on Nei's genetic distance [7]hadlei natural forests and planted forests into thwious
clusters. Natural forests were grouped in one etusteanwhile planted forests were grouped in amathester.
Same pattern was also observed when shared alktknce Dss) was used to generate neighbor-joining trees
(Figure 3). 236N. cadambarees can be obviously seen to be grouped intobigclusters, which represent
cadambatrees in natural forests and planted forests. fithihier indicates that most of tie cadambarees from
different natural forests are closely related tcheather. This result was also in agreement with $ifnannon’s
diversity indices as reported earlier.

CONCLUSION

In this study, ISSR analysis was proven as a pawvéobl for assessing genetic diversity f cadambatrees
collected from the natural forests and planteddisrén Sarawak. It clearly demonstrated thatadambarees are
closely related within its own population and ies@jnated forest type. Thus, several specificdaa be sequenced
and developed into SCAR (sequence characterizedifenajpon region) markers which may further assist
developing the breeding and conservation strategiethe sustainable management and utilizatioN.ofadamba
in future.N. cadambtee with desired wood properties can then be sldor planted forest development to avoid
wastage in the form of resources, economy and time.
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