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ABSTRACT

Duabanga moluccana Blume or locally known as Rajumas, is a tree species that suitable for building
materials, pulp, and plywood. The information about genetic diversity is required for the conserving of
this species. Here, we elucidated the genetic diversity of D. moluccana from two provenances in West
Nusa Tenggara, Indonesia. Microsatellite markers investigated the genetic diversity, and the Analysis
of Molecular Variance (AMOVA) was performed for assessing molecular variance within and between
the populations using GenAlEx 6.5 software. Four microsatellite markers successfully amplified 12
randomly selected samples and produced polymorphic DNA bands. Those primers were DMAGIO0,
DMAGO09, DMACAGO1, and DMTCACI11. High genetic diversity was detected in the populations
with 0.54 of mean expected heterozygosity (He). The genetic variation among individuals was 100%,
whereas there were no genetic variations among populations and within the individuals.
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1. Introduction

Analysis of genetic diversity is an initial step in plant breeding. Genetic diversity can
be analyzed using a molecular marker for identifying the genotype of an individual.
One of those markers for this purpose is microsatellite, or known as Simple Sequence
Repeat (SSR)(Nugroho et al., 2015). SSR is a co-dominant molecular marker having
high accuracy, polymorphism (Miah et al., 2013). The principle of genetic diversity
using DNA marker is analyzing the polymorphism of a species based on the amplified
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DNA bands. The data will be in the form of phylogenetic dendrogram, genetic
distance, and polymorphism information content. Phylogenetic and genetic distance
data are utilized for clustering the individuals, whereas polymorphism information
content will be use for determining polymorphism of a marker (Larekeng, et al., 2016).

SSR markers have been used in numerous studies on germplasm conservation,
phylogenetic analysis, plant and animal breeding, and gene identification on the
specific trait (Rosmayati, et al., 2016). They are often employed in the genetic studies,
due to high polymorphism, specific loci, easy to reproduction, low DNA needs, as well
as co-dominant character (Pugh et al., 2004).

Some genetic diversity studies have been successfully conducted using SSR markers
those were on Agathis (Ebi, 2015), Ebony (Larekeng, et al., 2019a), D. moluccana (Liew,
et al., 2016), Teak (Mohammad, et al., 2017), and Jabon merah ( Larekeng, et al., 2019).
But only a few information on D. moluccanas’ even though the information is greatly
needed for its breeding programs.

D. moluccana is an important pioneer tree species that well adapted in West Nusa
Tenggara Province, Indonesia (Supriyanto & Prakasa, 2011). The species were wide
range distribution including some islands in Indonesia, Jawa Island, Kalimantan
Island, Sulawesi Island, and Maluku. This species can also be found in New Guinea
(Papua Nugini) and Philippine. Its wood can be utilized as industrial raw materials,
pulp and temporary building materials. Evaluation of the level and structure of genetic
diversity in endangered species is important for plant breeding and genetic resource
conservation programs (Xu, Cheng, Xian, & Peng, 2016) and D. moluccana is more
important for conservation. Based on this information, the genetic diversity study on
D. moluccana is needed for supporting its breeding and conservation programs.

2. Materials and Methods
2.1 Sample Collection and DNA Isolation

Sample collection was done at Rarung Forest Area for Special Purpose (FASP), West
Nusa Tenggara. This area is the reseach area of Mataram Forest Research Office.
Duabanga populations planted in this location were from Lombok and Calabai
provenances. The analyzed samples consisted of 50 individuals from Lombok and 55
individuals from Calabai. The leaves were collected and kept in the plastic bags in the
cooler box contained ice that maintained the freshness of the leaves. The leaves were
then stored in the freezer until the DNA isolation process. DNA isolation was carried
out by Cetyl Trimethyl Ammonium Bromide (CTAB) method by modification (Ismail,
et al., 2016).

2.2 Primer Selection

Primer selection is conducted to acquire primers which produce amplified DNA bands.
The clearness of the produced bands, as well as number of loci, could be obtained by
this process. It is carried out by randomly selecting 12 different DNA and amplifying
them using 10 SSR primers at the same PCR condition. Thus the optimal condition and
the band variation of each primer will be obtained. The selection of specific primer is
determined by observing the clearness and the ease of scoring on the produced bands
(Larekeng et al., 2015).

35



ISSN: 2337-9782, E-ISSN: 2580-6815

Table 1. SSR Primer name and sequence for primer selection of D. moluccana Blume

No Lokus I;i};:}t Primer Sequence (5-3") ("51(1:1) P(;Ii{zzlig(;l)mt
. [GA)sCACC F: GTACAGCACGCACATGACAC
1 DMACOL (GA), R: GTAGGCCGCTATCAAACCAG 56.1 193-210
, F: GGCTGAGGTCATGTCAGAGTC
* |-
2 DMACO6*  [TAG)s(T R: AAATTGGCACACGCATTITAG 546 230250
F: GGATTCTGTTCACGATTTTCG
% |-
3 DMAGO9 (AG) 10 R: TCACCGCCAACCTCTCTCAAG 542 200-275
GAT)sGTT F: AGAAGCTGGCAGAAAAATGC
* “ .
4 DMAGO4 (GAT); R: GCGAGAGAAAGCAAAAGGTC 542 150-250
. F: TGTGTGCTCATTGCTTTICTTG
*
5 DMAGO5 (€T R: GGCTCTCTCTGTICTATTTTGG 545 237-350
(CT),TTTT F: TCATCACGAGACGACTGACC
* " A -
6 DMAG06 V(-CT) 3(,3 RGGGGTACAATCTAAATTGATCGAG | 2*8 225275
(TTTTC),
F: TTCCTCTCCTCGTTTICTTG
% |-
7 | DMAGIO (CT)s R: TGCGTCTCTTCTTCCTTGAAC 545 180-250
8 | DMACAGO1* [AC)s(AG), F: (AC)s(AG)s 54.5 230-300
R:TGAGCTCATTGTAGTAGAGAACAAG
. F: GGGGTACGGTTGAGTACAGC
* - -
9 | DMTCACDS | (ATA), R: AGTGAAGCGCAGGGTATTTG 57.7 200-280
. F: CTGGCTATAACAGGGCCAAA
* |-
10 | DMTCACI" | (GA)ss R CACACACACACTATACTCCACCTC | 207 200275

Source: Liew., et al 2016

2.2 SSR Data Analysis

The separation of the amplified DNA generates DNA bands on the gel. The presence of
the band can be analyzed directly. If the band is absent, the scoring will be 0.
Meanwhile, the shortest band size will be scored as 1, and the following numbering
will be sorted according to the band sizes. Allele positions at a certain locus are
determined by the presence of the bands using SSR marker (Mulsanti, 2011).

Data were tabulated and then analyzed using molecular software. Parameters of
genetic diversity were the number of detected alleles (N,), observed heterozygosity

(H,), expected heterozygosity (H,), and percentage of genetic diversity which was
calculated using GenAlEx 6.5 software (Peakall & Smouse, 2012) :

N,.of Hets
o= T
Notes: N,.of Hets is number of heterozygote individuals in a population, N is the total

number of individuals in a population.

Hg is:
n
He=1- ZP;’Z
i=1

Notes: p; is ith allele frequency in a population.
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Darwin 6.0 software is employed to cluster the individuals using Unweighted Pair-
Group Methode Arithmetic (UPGMA). This clustering is called clustering analysis. The
result of this analysis presents the dendrogram that shows the relationship among
individuals (Widyatmoko, et al., 2011).

The capability of the locus to distinguish genotypes is determined by the value of
Polymorphism Information Content (PIC). This value is calculated using an online
program at http:/ /www.genomics.liv.ac.uk/animal/protocoll.html with the following
equation (Hildebrand, et al., 1992) :

n n \ 2 n
e w3 (55) + St
i=1 =1

i=1

3. Results and Discussion

3.1 Primer Selection

Primer selection step using ten SSR primer pairs on D. moluccana showed four primers
were able to amplify the DNA. The primer were DMAG10, DMAG09, DMACAG01
and DMTCACI11. The results of primer selection using DMACAGO1 presented in
Figure 1. DMACAGO1 primer produced four clear, bright, and polymorphic bands. So
that these primes would be used in next analysis.

i e ) 456,’789101112M

500bp

100bp

DMACAGO01

Figure 1. Electropherogram of PCR products using primer DMACAGO1

Table 2. The selected SSR primers

Locus Repetitive motive T.(°C) PCR product size (bp)
DMAG10* (CT)s 53.9 250-300
DMAGO09* (AGo 54.8 200-800
DMACAGO01* (AC)s (AG)o 58.2 250-300
DMTCAC11* (GAo 60.4 300

3.2 Analysis of genetic Diversity

Genetic diversity analysis has several parameters, namely number of detected alleles
(Ng), expected heterozygosity (H.), and observed heterozygosity (H,) that were
calculated using GenAlEx 6.5 software (Peakall & Smouse, 2012). The data were
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obtained from manually scoring the amplified bands and tabulated them into GenAIEx
6.5 dan Polymorphism Information Content Calculator (PIC) software (Table 3).

Table 3. Na, He and PIC value Lombok and Calabai Provenance

Provenance
Primer Lombok Calabai
Na He PIC Na He PIC
DMAG09 3 0.413 0.354 3 0.452 0.366
DMAG10 3 0.508 0.450 3 0.540 0.483
DMACAGO1 2 0.500 0.375 3 0.625 0.550
DMTCAC11 3 0.637 0.565 3 0.559 0.559
Mean 28 0.519 0.436 3 0.562 0.490

The number of detected alleles in the Lombok Provenances was 11 alleles, whereas the
Calabai Provenances were 12 alleles. The produced bands by each primer were range
from 2 - 3 bands in each provenance. DMACAGO1 generated the lowest number of
bands in the Lombok provenance (two bands). DMAG09, DMAG10, and DMTCAC11
produced three bands in Lombok and Calabai Provenances. It indicated that the forth
primers were polymorphic; thus, those primes can be used in further analysis for both
provenances.

Means of expected heterozygosity (H,) in Lombok and Calabai Provenances were 0.519
and 0.562, respectively, that indicated high genetic diversity in both provenances. H, of
each locus using DMTCACI11 (H.= 0.637 and 0.630; Mean of H, = 0.634) was relatively
higher than H, of DMACAGO01 (H,= 0.500 and 0.626; Mean of H, = 0.563), DMAG10
(Hs=0.508 and 0.540; Mean of H, = 0.524), and DMAGO09 (H.= 0.431 dan 0.452; Mean of
H_ = 0.442). DMTCAC11, DMACAGO01, and DMAGI10 had H.20,5 and high genetic
diversity. Genetic diversity using DMAGO09 showed H.<0.5 in both provenances. The

H.> 0,5 means high genetic diversity, while H. < 0,5 indicates low genetic diversity
(Nurtjahtjaningsih, et al., 2013).

Mean of H, in both provenances proved high genetic diversity in D. moluccana (0.54)
compared to other tree species of Ebony that had low mean of H, (0.26) (Larekeng et
al, 2019). The presence of a higher number of alleles also indicated that the
populations presented more diversity (0.58) compared to the mean genetic diversity in
Brazilian pepper fruit (He= 0.30). However, this He value is considered low when
compared to the values reported for the same species and other tropical tree species
using microsatellite markers (Fidelis, et al., 2016). The high genetic diversity among
individuals in D. moluccana is caused by the pattern of seed distribution and
pollination. The seeds are distributed by wind due to very fine seed size, and thus they
could spread widely.

Means of PIC using DMAG09, DMAG10, DMACAGO01, and DMTCAC11 were 0.360,
0.467, 0.463, and 0.562, respectively. PIC ranged from 0.36 to 0.56 and denoted
moderate informative for analyzing the genetic diversity of D. moluccana. The criteria
of PIC on a primer are: PIC>0.5 is high informative, 0.5 >PIC<0.25 is moderate
informative, and PIC<0.5 is low informative (Botstein, et al., 1980).
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Figure 2. Analysis Molecular of Variance (AMOVA) in both provenances of D. moluccana
using four primers

Variation among individuals was 100%, whereas none of variations among
provenances and within individuals were found (Figure 2). The analysis showed that
no variation was observed between populations. Meanwhile, 100% variation was
detected among individuals, and no variation was also observed within individuals in
the population. It was assumed that the genetics of the individuals in Lombok
provenance was similar to that of in Calabai provenance. The same case in extremely
low genetic diversity both within and among populations, similar to the levels
documented in Ptychosperma for the regionally endangered palm and Livistona
carinensis (Shapcott, Dowe, & Ford, 2009). Genetic diversity within populations is
predicted to be lost over generations in small populations due to genetic drift as well as
sampling effects during population crashes.

3.3 Relationship among Individuals in Two Provenances

The genetic relationship between both provenances (Figure 3) showed that 105
individuals were grouped into three clusters. The first, second, and third clusters
consisted of 67 individuals, 36 individuals, and two individuals, respectively.

Figure 3 depicts the first and second clusters consisted of individuals from both
provenances. The third cluster only consisted of individuals from Calabai Provenance
that had very distinct characters. The cluster analysis did not divide based on the
provenances (among population = 0%).

The first and second clusters encompassed sub-clusters that grouped the close
relationship of individuals. The first cluster had sub-clusters formed from the same
provenance. There was no genetic variation within individuals in the provenance
(within individuals = 0%). The individuals among provenances/populations grouped
in different clusters that showed 100% of genetic variation (among individuals = 100%).
This result is similar to another study on Schinus terebinthifolius Raddi fruits of Brazil
that showed no genetic differentiation between southeast and northeast regions.
However, there is genetic differentiation among the populations (0.35). Genetic
differentiation among the populations was statistically different from zero (qp= 0.28,
with confidence interval of 0.16 to 0.39), indicating that 28.6% of genetic diversity was
among the populations (Fidelis et al., 2016).
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Figure 3. Dendrogram of genetic relationship in Lombok and Calabai Provenances using four SSR primers

Reffering to the results from this study, D. moluccana population requires a high genetic
diversity in the future uses. This is because genetic diversity is the crucial indicator in
plant breeding for improving genotypes with superior characteristics, such as
resistance to disease and extreme adverse environmental conditions. It can also be used
maximize the effort to improve specific character on a particular species. The results
also revealed that SSR markers could efficiently clarify the existent genetic variability
in D. moluccana. This is similar to the result in another study on olive, and the
identified genetic variability is somewhat in coincidence with the geographical
distribution of olive genotypes (Bahmani et al., 2016).

In addition, the results imply genetic conservation using molecular marker approaches
are able to amplify local genotypes for analyzing genetic diversity in D. moluccana.
Such studies have also been conducted in Diospyros celebica (Restu, et al., 2017), and
Anthocephalus macrophyllus (Larekeng, et al., 2018). Another study developed the first
molecular database for eastern Mediterranean pomegranate germplasm using new SSR
markers and represented a crucial step in gathering knowledge of the resources
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available for the genetic improvement of pomegranate. Knowledge of the information
content of the SSR primer pairs used here to detect polymorphisms among these
pomegranate accessions will allow the selection of the most efficient markers (Caliskan
et al., 2017).

4. Conclusion

The primers utilized for genetic diversity of D. moluccana were DMAG09, DMAGI0,
DMACAGO01, and DMTCAC11. The analysis of genetic diversity of D. moluccana in
both provenances showed a high level of genetic diversity.
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