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ABSTRACT

Diosphyros celebica Bakh., also known as Sulawesi ebony, is an endemic to central and northern Sulawesi.
Information about pollen dispersal patterns of D. celebica have not been previously investigated. This study was aimed
to determine pollination type, percentage of selfing and outcrossing, as well as distance of pollen dispersal of D.
celebica. 'This study was conducted at experimental forest of Universitas Hasanuddin, Maros District, South Sulawesi
Province, Indonesia. One hundred and sixty six individuals of D. celebica consisted of adult trees and seedlings were
analyzed in this study. Ninety four adult trees were selected to become parent trees. The trees were mapped with GPS
coordinates. All samples were genotyped using four SSR markers loci. Parental analysis and determination of pollen
dispersal patterns were carried out using Cervus 3.0.3. Results indicated that the evaluated markers were effective for
assigning candidate of male parents to all evaluated seedlings. Donated pollens could come from male parents in any
directions relative to female parent positions. Pollen dispersal pattern showed outcrossing pollination among
different male parents (pollen donated trees). The results indicated that seeds were produced predominatly by
outcrossing. Pollen dispersal reached up to 166 m. Pollen related processes were linked through female parents,
pollinators availability and ecological environment. Simultaneous use of progeny genotyping, spatially explicit
analysis of environmental variables and outcomes of plant—animal interactions were the key elements for an expanded
approach to gene flow analysis considering dispersal via pollen and seeds. Research on pollen dispersal of D. celebica
should be carried out in other forest types, such as mixed forest and highland forest.
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INTRODUCTION

Recent endangered status of several ebony
species in natural forests are within worldwide
attention (World Conservation Monitoring
Centre 1998). Diosphyros celebica Bakh. (Ebenacea),
also known as Sulawesi ebony, is an endemic tree
to Sulawesi Island, Indonesia.

This ebony species is currently categorized as
vulnerable species according to the [IUCN Red List
of Threatened Species (e.T33203A9765120,
World Conservation Monitoring Centre 1998).
Previous study by Restu (2007) indicated that
genetic diversity of D. celebica is low compared to
other forest plants. The study found that all five of

* Corresponding author: sitih5h.82@gmail.com

D. celebica provenances studied showed higher
homozygosity, due to probable self-pollinating or
mating among related individuals. Therefore,
their genetic diversity was lower (95.4%) than
those of other plants. Species with very narrow
genetic base usually produce bad genetic planting
stock material due to inbreeding depression. In
order to prevent Sulawesi ebony from becoming
endangered species, conservation strategy is
needed.

Knowledge on pollen dispersal distance and
mating system estimate are vital for developing
effective conservation and management strategies
of endangered species. These parameters may be
directly translated into information about
minimum density of individuals or minimum area
required to avoid reproductive isolation (Nason ez
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al. 1998). Pollen flow studies involving isolated
individuals can assess the role of these individuals
in pollen movement dynamics within fragmented
landscapes. Trees increase the number of pollen
donors by implementing long distance pollen
dispersal and higher outcrossing rate, as was
observed in the Cuajinigui/ population (Fuchs &
Hamrick 2011). Therefore, conservation effort
should be directed to preserve such individuals.
Removal of these individuals may negatively
impact genetic composition of the remnant
populations (Fuchs & Hamrick 2011).

Molecular markers are useful in pollen
dispersal studies because these markers are
capable of identifying parental genotype, genetic
diversity and progenies. Molecular markers and
parentage analysis can be used to estimate selfing
and outcrossing rate (Milleron et al 2012).
Microsatellite markers were used to determine
genetic diversity in endangered species
Dipterocarpus  littoralis (Dwiyanti et al. 2014),
Nothofagus sp. (Sola et al. 2016) and Paeonia
Jishanensis (Xu et al. 2016). Pollen dispersal of
various plant species was carried out using
parentage analysis (Austerlitz ef a/. 2004). Pollen
dispersal evaluations were done in Quercus garryana
(Marsico et al. 2009), Pinus koraiensis (Feng et al.
2010), Tectona grandis (Prabha et al. 2011), Phoenix
canariensis (Saro et al. 2014), Cocos nucifera (Larekeng
et al. 2015b) and Erbytrophlenm suaveolens (Duminil
etal. 2010).

Currently, there were no information about
mating system and pollen dispersal pattern of D.
celebica. 'This study was aimed to determine
pollination type, percentage of selfing and
outcrossing as well as distance of pollen dispersal
in D. celebica.

MATERIALS AND METHODS

Study Species

D. celebica (Ebenacea) is an endemic tree to
Sulawesi [sland, Indonesia. In southern Sulawesi,
this tree species can be found in Gowa, Maros,
Pangkep, Barru, Sidrap, Luwu and East Luwu
districts. This tree can also be found in western
Sulawesi (Mamuju) and central Sulawesi
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(Donggala, Parigi Moutong and Poso).
Protected forest is the main location for this
species (Asdar ezal. 2015).

Adult tree may reach up to 40 m high having 10
to 26 m clear bole. Trunk diameter is over 1.5 m
above root crown. The root crown can reach 4 m
high. The tree has simple, alternate, long elliptical
leaves. FEach leaf has length of 12 to 35 cm,
width of 2.5 to 7 cm and brown leaf hair
(trichome) at the underside leaf surface whichisa
specific characteristic of D. celebica (Riswan 2002;
Kinho 2013).

This species has monoecious flowers which
means female and male gametes are found in a
tree. Pollination occurred in the same tree resulted
to either imperfect fruits or fruits that will be
aborted before reaching maturation (Santoso ez a/.
2002a). Flowers are grown at the fourth axillary
(flos axillary) from twig base or at the seventh
axillary from twig tip. Flowers are commonly
formed in the middle section of the canopy.
Flowering is influenced by wind, rainfall, light and
temperature (Santoso 2002b).

Study Site

D. celebica trees used for this study were located
at the experimental forest of Universitas
Hasanuddin. This experimental forest is a non-
fragmented forest. The area is administratively
located mostly in Limampocoe Village, Cenrana
Subdistrict (previously known as Camba
Subdistrict), Maros District, South Sulawesi
Province, Indonesia (119°44'34" - 119°46'17" E
and 04°58'7" - 05°00'30" S), with altitude of
300 - 800 m (Fig. 1). According to the
Administration of Forestry, the area of
experimental forestis part of Bulusaraung Forest,
Bengo Police Forest, LLebbo Tengae Forest,
Forest Service of Maros and Forest Service of
South Sulawest.

The study site consisted of plots and blocks.
Each block was divided into several plots ranging
from 50 to 170 ha (based on field conditions and
tree types). Plots were bordered using natural
boundaries, such as rivers and valleys. Plots within
forest area were separated into subgroup plots
based on tree type, age, tree density, vacant lot,
natural forest and rocks.
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Figure 1. Map of study site: experimental forest of Universitas Hasanuddin
(Note: the @ mark in this map indicates the positions of male and female parents of D. celebica)

Sampling

One hundred and sixty six individuals of D.
celebica consisted of adult trees and seedlings were
analyzed in this study. Ninety four adult trees were
selected to become parent trees. Eleven of the 94
individuals were used as female and male parents.
Female parent was a tree having seedlings grown
under its canopy. The assumption was that
seedlings grown right under the canopy of a tree
was produced by the tree. Only 11 of 94 adult
trees had seedlings. Two to ten seedlings from
each evaluated female parent were selected. Thus,
the total of evaluated seedlings was 72 seedlings.
Leaves from adult trees and seedlings were used as
DNA sources.

Sample collection was conducted in November
2015. In the study site, only 94 adult trees had
seedlings grown under their canopies, which
might be caused by early flowering time at the
collection time.  Alrasyid (2002) stated that
flowering time of D. celebica was in March - April
and fruit ripening time was in September -
November. The location of the female and the
assigned male parents were plotted in the map of
adult individuals generated by Arcgis 10.1
software.

Microsatellite Analysis

DNA isolation was conducted using the
CTAB method (Sambrook & Russell 2001) with
modification (Larekeng 2015). RNA
contaminants were removed using RNase
treatment following standard procedures
(Sambrook & Russel 2001). Seventeen SSR
markers loci generated by Liang ez a/. (2015) were
evaluated to observe their polymorphism. Only
four loci were selected for this study. To generate
markers, PCR amplifications were conducted
using the following reaction mixtures i.e. 2 pl. of
DNA; 0.625 uL. of primers, 6.25 pl. PCR mix
(KAPA Biosystem), and 3 pL ddH,0.
Amplifications were conducted using the
following steps: one cycle of pre-amplification at
94 °C for 5 minutes, 35 cycles of amplification
steps at 94 °C for 15 seconds (template
denaturation), annealing temperature for 15
seconds (primer annealing) and 72 °C for 5
seconds (primer extension), and one cycle of final
extension at 72 °C for 10 minutes as suggested by
KAPA Biosystem kit.

The generated SSR markers were separated
using Superfine Resolution Agarose 3% (Seng e#
al. 2013) using TAE 0.5x buffer (Brody & Kern
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2004) and stained using gel red staining. The
electrophoregrams were visualized over UV
transluminescence table and recorded by digital
camera. The recorded pictures were used to
determine genotypes of the evaluated samples.
The laboratory activities were done at the
Biotechnology and Tree Breeding Laboratory,
Faculty of Forestry, Universitas Hasanuddin,
Makassar, Indonesia.

Parentage Analysis

Each sample of the progeny arrays had a
known female parent, but unknown male parent
(as pollen donor). The candidates of male parent
could come from any sampled adult population,
including the female parent population. This study
was conducted to determine the assigned male
parent donating pollen to generate progeny arrays.
Parentage analysis using genotype of progenies,
female parents and potential male parents was
done using CERVUS version 3.0.3 software
(Kalinowski e a/. 2007; Marshall ef a/. 1998). The
progeny and female parent genotypes were
compared with those of other adult trees. The
assigned male parent was selected based on the
output of CERVUS analysis results (Kalinowski ez
al. 2007, Marshall ez al. 1998). Potential male
parent with positive Likelthood of Odds score
(LOD score) might be the actual male parent of
the progeny (Marshall eza/. 1998). The LOD score
was determined based on the matching genotype
of progeny, female parent and potential male
parent.

Simulation was conducted to determine the
threshold level for the 80 and 95% confidence
levels before the final parentage analysis step. Male
parents assigned to each progeny were identified

based on parentage analysis
2016).

(Maskromo e# al.

Analysis of Pollen Dispersal Pattern

Distance between the known female parent
and the assigned male parent was calculated using
ArcGis 10.1 software. Distance between and
position of both female and male parents in the
generated map were then used to illustrate pattern
of pollen dispersal in the location. Self-
pollination was defined as male parent being
identical to female parent. Otherwise, they were
assigned as cross-pollination.

RESULTS AND DISCUSSION

Microsatellite Analysis

PCR amplification was done by four SSR
primers obtained from Diospyros kaki (Liang ef al.
2015), modified based on research carried out by
Larekeng e al. (2016). Nine of 17 SSR primers
were able to produce polymorphic, strong and
clear alleles on the DNA of Sulawesi ebony
grown in the experimental forest of Universitas
Hasanuddin, ie. Maros provenance. Selected
primer pairs are displayed in Table 1.

DNA amplification of SSR markers of
Sulawesi ebony Maros provenance was an initial
step of the use of specific primers for molecular
genome research on Sulawesi ebony. SSR markers
were intensively used in various molecular
analyses, such as genetic diversity analysis
between and among populations, genetic stability
analysis in clonal plants derived from 7z wvitro
somatic embryogenesis, parents and progeny

Table 1 SSR loci used for pollen dispersal analysis of Sulawesi ebony from Maros provenance

Locus name/ Repeat motif

Primer sequence (5°-3’)

Tm Allele size

genbank accession no. (°C) (bp)
1430 (GAG)5 F: TCA GTA AAG CTG CGG GCATC 56 190 —250
DC588341 R: ACG GTT CTC CTG ATC CTC ACG

8917 (AT)10 F: ACA CGT TCA GTA CCA GGA GGG A 55 166 —197
DC591591 R: AGT ACC ACA AAC CAC CAG TGG

9004 (GCAGGA)3 F: GCC ACA AACTTC ACA GAG GACC 55 251 -272
DC591297 R: AGG CGA GTG CGA GTA AGA CGA A

sstDIK29 (CCTTT)8 F: ATCATGAGATCAGAGCCGTC 53 112 -152
DQ097497 R: CACGTTAACGTTACGGAACA

Source: Liang e al. 2015
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arrays as well as pollen dispersal analysis (Larekeng
et al. 2016). Primer screening was required to
obtain strong and clear polymorphic-band pattern
of PCR products. The intended PCR products
were chosen from random primers. Not all tested
nucleotide primer pairs produced amplified
products (positive primer). Also, not all positive
primer pairs produced good polymorphic DNA
fragments (Siregar ez al. 2008).

Parentage Analysis

Parentage analysis was able to identify the male
parents for 72 progeny arrays. The results of
parentage analysis also indicated that male parents
assigned to the 25% of progenies (18 individuals)
were at least in the minimum of 95% confidence
level. Those assigned to the 51.4% of progenies
(37 individuals) were at least in the minimum of
80% confidence level. Male parents assigned to
the other 23.6% of progenies (17 individuals)
were at lower-than-80% confidence level. At the
lower-than-80% confidence level, however, the
assigned male parents had positive LOD score,
indicating that these male parents were the
possible true parents of the progenies (Marshall ez
al. 1998).

Female parents of D. celebica could reciprocally
donate their pollens and thus, performed self-
pollination. Within the male parents assigned to
the 72 progeny arrays, self-pollination occurred
in 8 events (11.1%) and cross pollination
occurred in 64 events (88.9%). Complete scheme
and pollination types identified based on results
of pollen dispersal analysis are presented in
Table 2.

Larekeng ez al. (2015a) showed that pollination
rate in Tall Kalianda Coconut was 98%
outcrossing, while the other 2% was self-
pollination. Self-pollination provided higher
reproductive assurance (RA) by compensating a
shortage of outcross pollen. The role of self-
pollination in mitigating pollen limitation in a self-
compatible population was rarely evaluated. The
assay of limited pollen commonly used in self-
pollination did not adequately quantify the
potential fecundity advantage of RA (Eckert ez a/.
2010).

Pattern of Pollen Dispersal

In this study, parentage analysis was conducted
using CERVUS. Distance between the known
female parent and the assigned male parent was
calculated using ArcGis 10.1 software. The results
showed that range of pollen dispersal was 0 —166
(Table 2). The farthest pollen dispersal was
exhibited by female parent number 35 (Table 2).
Distance between female parents and the
assigned male parents were determined based on
their GPS positions (Fig. 2 & 3).

Female parent (PE 63) received 6 donated
pollens from four different assigned male parents
(PE 27, 34, 35, 71) (Fig. 2). Positions of the
assigned male parents relative to the female parent
(PE 63) inthe study site are presented in Figure 2.

Female parent (PE 65) received 10 donated
pollens from three different assigned male
parents (PE 27, 45, 71) (Fig. 3). Positions of the
assigned male parents relative to the female
parent (PE 65) in the study site are presented in
Figure 3.

Table2 Crossing schemes and pollination types identified based on results of pollen dispersal analysis of D.

celebica progeny arrays

No Female Number of Selfing rate Crossing rate Pollen dispersal distance
parents seedling (%) (%) for each seedlings (m)

1 7 5 0 100 50; 52; 126; 50; 126

2 17 2 0 100 102; 152

3 22 6 0 100 51; 51; 51; 102; 102; 51

4 27 8 62.5 37.5 93;0; 93; 0;93; 0, 0; 0

5 35 3 66.7 33.3 0; 0; 166

6 50 8 0 100 60; 60; 64; 51; 44; 44; 51; 60

7 54 9 0 100 77,77, 77, 77; 39; 21; 8, 71; 71

8 62 4 0 100 43; 43; 43; 107

9 63 10 0 100 43; 35; 66; 66; 53; 53; 66; 53; 52; 112
10 65 10 0 100 92; 39; 79; 79; 79; 79; 79; 92; 39; 92
11 67 7 28.6 71.4 0; 81; 82; 0; 134; 134; 81
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Figure 2 Pattern of pollen movement to female parent PE63 (A) based on parentage analysis
(Note: the @ mark in this map indicates the positions of D. celebica male parents)

Figure 3 Pattern of pollen movement to female parent PE65 (A) based on parentage analysis
(Note: the @mark in this map indicates the positions of D. celebica male parents)
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Figure 4 Numbers of pollination events for each distance class

Numbers of pollination events for each
distance class are presented in Figure 4.  The
assigned male parents were distributed almost
evenly among different distance classes of the
female parents. The 0 m distance indicated self-
pollination events.

A pollen dispersal study on Oenocarpus batana,
aninsect-pollinated palm tree species, showed that
pollen dispersal could be very far, exceeding the
distance to the nearest neighbor (Ottewell ez al.
2012).

Molecular microsatellite loci (SSRs)
implemented in a study on mating system and
pollen dispersal of Hymenaea conbari/indicated that
several events of self-pollination occurred in this
tree species (Carneiro et al. 2011), although it was
previously believed that this tree species had
obligatory crossing mating system due to a
probable self-incompatibility system (Dunphy ez
al. 2004).

A study on Guaiacum sanctum (an endangered
tree species) showed the predominant outcrossing
characteristic of this tree species (Fuchs &
Hamrick 2011). The study also showed that the
supra-annual flowering in Palo Verde National
Park (PVNP) might reduce the numbers of
reproducing individuals, affecting the proportion
of outcross progeny. The study further discussed
that population of G. sanctum should preserve
enough adults to ensure seed production even in a
period when only few individuals reproduce. The
same study suggested that in a fragmented
population, pollen dispersal can be very far and
thus, pollen is readily transported across the

fragmented population or altered habitats to
ensure tree species preservation.

Further investigations on genetic diversity of
D. littoralis should concentrate on life history
characteristics, mechanisms of pollen/seed
dispersal, seed germination, vegetative
propagation and impacts from herbivores and
pathogens (Dwiyanti ¢ o/ 2014). Simultaneous
use of progeny genotyping, spatially explicit
analysis of environmental variables and the
outcomes of plant—animal interactions are key
elements for an expanded approach to gene flow
analysis considering dispersal via pollen and
seeds.

D. celebicais an endangered tropical tree species
and currently, only few information is available
concerning reproductive biology of this tree
species. Conservation genetics theory suggested
that significant size of population should be
preserved to ensure the maintenance of genetic
diversity and to reduce detrimental effects of drift
and inbreeding. Mating system and gene-flow
distance estimates allow better predictions of
minimum viable population sizes, ensuring
reproductive success.

CONCLUSIONS

Pollen dispersal pattern of Sulawesi ebony
occurred in outcrossing pollination among its
different donated trees. Based on the progenies
analysis, ebony female parent is a dominantly
outcrossing pollination species. The results
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parentage analysis from Diosphyros celebica Bakh. In
Sulawesi island shows range of pollen dispersal
was 0—166 m.
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