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INTRODUCTION

Bouea is a genus of Apacardiaceae
widely distributed in the Malesian
region (Ghazali and Mohammad,
2014). Malesian region is an area with
distinctive flora and fauna and have
the highest levels of vegetation
diversity in the world (Bass et al.,
2012). Bouea distribution covers the
territory of West Malesian, including
the islands of Sumatra, Java,
Kalimantan, Brunei Darussalam,
Singapore, and Malaysian Peningéla
(Rifai, 1992). Bouea consists of two
species: Bouea oppositifolia (Roxb.)
Adelb. and Bouea macrophylla Griffith
(Hou, 1974). Another species of Bouea
is reported to originate from Trang
Bom, Vietnam under scientific name of
Bouea poilanei Evr. (“Xoai Mu” and
"Xoai Muc”) with the distinct
characteristics of having red-colored
fruits (Le and Hancock, 1999).

The classification of Bouea into
two species, namely Bouea
macrophylla and Bouea oppositifolia,
Hou (1974) is the only grouping,
which becomes the main reference in
discussing this genus. Classification of
Bouea was performed using
morphological data. Harsono et al.
(2016) reported that Bouea showed
high morphological variations.
Morphological variation of B.
oppositifolia is higher compared to
those of B. macrophylla. Variation of
the genus Bouea in Peninsular
Malaysia using the molecular marker
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of ISSR indicates a considerable
variation between accessions that are
morphologically indistinguishable
(Ghazali et al., 2015).

Linking characteristics between
the varieties and the magnitude of the
plasticity of morphological features
has made it difficult to determine the
limits of existing cultivars. Thus, it
needs to be supported by data sources
which are obtained through other
approaches (Fitmawati and Hartana,
2010). Morphological markers often
cause different perceptions among
researchers because of their high level
of plasticity and sensitivity to
environmental factors (Tanksley and
Bematzy, 1989). Identification of
familial relationship of a plant can be
carried out by combining
morphological with molecular markers
(Waugh, 1997). The researchers used
molecular markers to  support
identification with morphological
markers because they are more stable
(Yunus, 2007) and less sensitive to
changes in the environment and aging
process, rendering the data obtained
relatively more accurate (Julisaniah et
al., 2008). One of the methods that
can used to minimize environmental
influence on species or cultivars is the
f@e of molecular markers (Finkeldey
etal., 2010).

The inter simple sequence
repeat (ISSR) marker is based on PCR
amplification products with a size of
about 100-3000 bp near microsatellite
area that forms the basis of some
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Table 1. Fresh samples of Bouea obtained from the territory of Indonesia.

No Type Province Total
1 B. oppositifolia (Roxb.) Adelb, North Sumatra 5
2 B. oppositifolia (Roxb.) Adelb, Riau 1
3 B. oppositifolia (Roxb.) Adelb. Isles of Bangka Belitung 19
4 B. oppositifolia (Roxb.) Adelb. Bogor Botanical Gardens 5
5 B. macrophylla Griffit. Ambon 14
6 B. macrophylla Griffit. Banten 8
7 B. macrophylla Griffit. West Sumatra 5
8 B. macrophylla Griffit. Bogor 13
9 B. macrophylla Griffit. Jambi 2
10 B. macrophylla Griffit. West Kalimantan 6
11 B. macrophylla Griffit. South Kalimantan 18
12 B. macrophylla Griffit. Palembang 2
13 B. macrophylla Griffit. Lampung 1
14 B. macrophylla Griffit. Bangka Belitung 1
15 B. macrophylla Griffit. Medan 1
16 B. macrophylla Griffit. Aceh 1
17 B. macrophylla Griffit. Bogor Botanical Gardens 3

Total 105

DNA Extraction

[15)

Total DNA was isolated from fresh
leaves using CTAB method of (Doyle
and Doyle, 1987) with modification.
DNAs were suspended in TE buffer.

ISSR Amplification

DNA amplification was performed
using seven ISSRs primers (Table 2)
which had been selected from eleven
ISSRs primeff) with high polymorphic
band rates. PCR reaction volume was
25 pl, which consists of 2 pl of DNA
genome, 1 pl of each reverse and
forward primers (10 pmol), 12,5 ul
Tag polymerase (KAPA2GTM Fast
ReadyMix (2x) with Loading Dye) and
9.5 ul of ddH20 (aquabidest).

PCR Program for ISSR were as
follows: (1) initial denaturation at 97
°C for 4 minutes cycle); (2) PCR
which consists of denaturation at 97
°C for one minute, annealing at 55 °C
for one minute and at 72 °C for 2
minutes (35 cycles); and (3) final
extension at 72 °C for 4 minutes (1
cycle), followed by (4) cooling at 4 °C.
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The amplified PCR product was
visualiffi through electrophoresis

using 1% agarose gel in TBE buffer
and stained with 4 pl of SYBR®E$afe
DNA Gel Stain (Invitrogen). 7 pl of
PCR product was added with 1 pl of
loading dye when running along with
100 bp DNA Ladder marker using
electrophoresis machine at 100 Volts
for 45 minutes. Visualization of
marker bands was carried out using
gel documentation equipped with UV
illumination.

Data recording and analysis

Scoring of DNA band polymorphism
was done using Gel Pro Analyzer
program and the creation of a
@endogram and genetic distance
analyses were done using NTSys PC
(version 2.02). Individual grouping
patterns based on genetic similarity
matrices were reflected in the shape
of dendrogram with a genetic
similarity ran@® of 0.00 (0%) to 1.00
(100%). The average number of allele
counts, the average number of
effective alleles, genetic diversity, the
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Table 2. Primer to be used in ISSR analysis.
No Name of Primer Sequence Sequence Tm (°C)
1 PKBT3 (AG)8T AGAGAGAGAGAGAGAGT 55
2 PKBT4 (AG)BAA AGAGAGAGAGAGAGAGAA 55
3 PKBTS (AG)8TA AGAGAGAGAGAGAGAGTA 55
4 PKBT7 (GA)9A GAGAGAGAGAGAGAGAGAA 55
5 PKBT9 (GA)OT GAGAGAGAGAGAGAGAGAT 55
6 PKBT10 (GA)9A GTGTGTGTGTGTGTGTGTA 55
7 PKBT12 (GT)9T GTGTGTGTGTGTGTGTGTT 55
(Source: Tomar, et.al 2011)
Table 3. Analysis of B. macrophylla’s genetic diversity using ISSR markers.
Polymorphic Shannon'’s
Primers Effggt?:geilgles Heterozygosity Information Information
Content (PIC) Index
PKBT3 1.4342 0.2625 0.915 0.4075
PKBT4 1.3970 0.2392 0.885 0.3723
PKBTS 1.2878 0.1952 0.835 0.3223
PKBT7 1.4761 0.2916 0.925 0.4485
PKBT9 1.3663 0.2365 0.883 0.3804
PKBT10 1.3894 0.2431 0.880 0.3803
PKBT12 1.6092 0.3602 0.933 0.5391
Average 1.4228 0.2611 0.893 0.4072
Shannon information index, the observations is capable of producing

number of polymorphic loci, and the
percentadf@jof polymorphic loci were
analyzed using ##2 program POPGENE
(version 1.32). Analysis of molecular
variance (AMOVA) was wused to
measure genetic diversity in
populations and outside populations
and was analyzed using GenAlex 6.5.

RESULTS AND DISCUSSION
Allelic variation among B.
macrophylla Griffit accessions

Polymorphic ISSR markers from seven
primers ISSR are listed in Table 3,
where prim@r of PKBT10 produced the
highest polymorphic information
content (PIC). PIC values obtained
ranged from 0.880 to 0.933 with an
average value of 0.893. This indicates
that the primary ISSR marker used on
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high polymorphic alleles. Polymorphic
information content (PIC) is used to
determine the level of polymorphism
EF a molecular marker. According to
Botstein et al. (1980), PIC value is the
index used to meas@e the value of
polymorphism value. According to Gou
and Elston (1999), the PIC is defined
as the probability of genotype markers
of a given offspring that allows
detection in the absence of crossing-
over from the two-marker alleles of
e affected parents it received. PIC

for dominant markers have a
maximum value of 1.0 (De Riek et al.,
2001; Bolaric et al, 2005).

Polymorphism is considered high if the
EC value is = 0.5, medium if PIC =
0.25 < PIC < 0.5, and low if the PIC
value & 0.25 (Botstein et al., 1980).

The number of alleles for each
ISSR primer ranges from 14 (PKBT5)
to 21 (PKBT3) with an average of 18
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alleles per primer. The highest number
of effective alleles (1.6092) went to
PKBT12 primer and the Ilowest
effective alleles detected went to
PKBTS5 primer (1.2878). PKBT12
primer (0.3602) shows the highest
heterozygosity value and the highest
Shannon information index is shown

PKBT12 primer (0.5391).
Shannon’s information index is a

measure of gene diversity (Lewontiff)
1974). The heterozygosity value is
one of the parameters to measure the
level of genetic diversity in a
population. Heterozygosity is the
result of calculation of the frequency
of genes in each locus (Nei, 1978).
The higher the heterozygous
frequency in a population, the higher
the level of diversity (Vilas et al.,
2015)

Heterozygosity value of the
total population (H;) is 0.2219, which
indicates that there is considerable
genetic variation among individuals
within the B. macrophylla population.
The coefficient of genetic
differentiation (Gsr) in B. macrophylla
has a value of 0.5750, which indicates
that this figure hasPla higher value
than the amount of standard genetic
differentiation proposed by Nybom
and Bartish (2000) with a valuggof
0.23 (for cross-cultivated crops) and
0.19 for endemic plants. Geographical
isolation is the main factor of the high
value of genetic differentiation
coeffici@ht of B. macrophylla because
the geographical isolation has
inhibited the gene flow. This condition
is evidenced by thgEJow value of gene
flow (0.3681). Gene flow is a
collective term encompassing all
mechanisms, which cause movement
of genes from one population to
@hother (Slatkin, 1995). Fischer and
Matthies (1998) stated that the
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greater geographical the

lower the flow of genes.

isolation,

Cluster analysis of B. macrophylia
Griffit.

Cluster analysis based on ISSR marker
data in B. macrophylla and the
outgroup (Mangifera indica and
Anacardium occidentale) has similarity
coefficients ranging from E118 to 0.83
and is classified into four main groups
at a coefficient of 0.35 (Figure 2).
Group I is the largest group consisting
of 53 accessions with a similarity
coefficient of 0.36 consisting of
accessions from  Ambon, South
Kalimantan, Banten, West Kalimantan,
Bogor (Loji, Pandeglag, Leuwisadeng,
and Jasinga), Cibinong, and Botanical
Gardens. Group II consists of 10
accessions with a similarity coefficient
@ 0.37 consisting of accessions from

Batu  Sangkar, West  Sumatra,
Cibinong, Aceh, Medan, Jambi,
Palembang, Lampung, and Bangka

Belitung. Group III with a similarity
coefficient of 0.35 consists of five
acces§bns from accessions derived
from Batu Sangkar (West Sumatra),
Kebun Raya (Bogor) (KR7 origin Jambi
and KR8 origin Peninsula Malaysia),
and South Kalimantan). Group IV
consists of the following outgroup
Anacardium occidentale and Mangifera
indica.

Group I is divided into seven
subgroups again, group I [as 11
accessions from Ambon with a
similarity coefficient of 0.51. Group II
has eight accessions originatin@Zfrom
South Kalimantan and Ambon with a
similarity coefficient of 0.56. Group III
has 11 accessions originatingffrom
South Kalimantan and Ambon with a
similarity coefficient of 0.54. Group IV
has nine accessions from Banten and
West Kalimantan with a similarity
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Table 6. Analysis of B. oppositifolia's genetic diversity using ISSR markers.

Polymorphic Shannon’s
Primers Eﬁggt?lgeglgles Heterozygosity Information Infnnation
Content (PIC) Index
PKBT3 1.0711 0.0622 0.6799 0.1225
PKBT4 1.1165 0.0207 0.7596 0.0408
PKBTS 1.0345 0.0322 0.4987 0.0731
PKBT? 1.2168 0.2056 0.6254 0.3001
PKBT8 1.3369 0.2286 0.7559 0.3599
PKBT9 1.1330 0.1590 0.7789 0.2815
PKBT10 1.1126 0.0861 0.6684 0.1521
PKBT12 1.2484 0.2147 0.8405 0.3524
Average 1.1587 0.1261 0.7009 0.2103
46
High level off) variation in obtained from PKBT8 (0.2286) primer.
populations indicates genetic diversity The Shannon information index varies
in the population. The genetic between 0.0408-0.3524, with the

diversity in high populations indicates
considerable population differentiation.
Results of AMOVA also show that
variation in population and between
populations are significant (P-value <
0.01). AMOVA can be used to separate
the variation when there is adequate
genetic distance to describe the
difference of an allele with another
(Holsinger et al. 1996). Results of
AMOVA within 75 accessions of B.
macrophylla in 14 populations using
ISSR markers are presented in Table
5.

Allelic variations among the
accessions of B. oppositifolia

The results of diversity analysis on 30
accessions of B. oppositifolia, using
seven ISSRZBrimers are presented in
Table 6. PIC values ranged from
0.4987 - 0.8405 with an average
value of 0.7009, which indicates that
the primary ISSR used in this study is
capable of producing high polymorphic
data, except for the PKBT five primers
with PIC value below 0.5, specifically
0.4987. The highest number of
effective allelic observed is found in
PKBT12 (1.2484) primer and the
highest  heterozygosity value is
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highest value indicated byfihe PKBTS8
primer (0.3599). Shannon information
index measures the level of diversity,
the appropriateness of markers, and
the emergence of genetic
polymorphisms (Kesari et al., 2010).
The observed heterozygosity s
expected to be able to dffine the
probability that certain randomly
selected individuals from the
population will be heterozygous at a
particular loci and observed
heterozygosity will be lower than
expected (Mishra, 2013).  This
information and heterozygosity index
also support the diversity between
populations, in comparison with the
population (Sirkar, 2017)

The number of effective alleles
in Table 6 shows the frequently similar
size of alleles taken to achieve a
certain level of gene diversity. This
means that it is possible to compare
when the number and distribution of
alleles differ significanthy§) (Hartl and
Clark, 1989). The concept of
polymorphism used to define genetic
variation in the population. PIC has
Become the most commonly used
formula for genetic studies in
measuring the information content of
a molecular marker (Botstein et al.,
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Cluster analysis among accessions
of B. macrophylla and B.
Oppositifolia

Phe results of cluster analysis of 30
accessions of B. oppositifolia, 75
accessions of B. macrophylla, and two
outgroups (M. indica and A.
occidenf§gle) are presented in Figure 4.
Thirty accessions of B. oppositifolia
and 75 accessions of B. macrophylla
added with 2 outgroups (Mangifera
indica and Anacardium occidentale)
have similarity coefficients ranging
fom 0.17 to 1.00 and are classified
into 3 main groups at a coefficient of
0.34 (Figure 4). The results of the
analysis show that the results data
using ISSR markers are able to
distinguish both Bouea genus and its
outgroups.

Studies using molecular
markers related to the genus of Bouea
are still very rare, and therefore the
search for comparative data for
molecular analysis in this study proves
to be very difficult. The results in this
study are quite different from those of
Ghazali et al. (2015) who examined
the relationship between species in
the genus Bouea in the Malaysian
peninsula based on ISSR markers,
which indicated that the similarity
coefficient of B. macrophylla ranged
from 0.659-0.955 and similarity
coefficient of B. oppositifolia ranged
from 0.591-0.977. This is due to the
differences in sample split distance.
Among the Bouea genus originating
from Indonesia, most samples were
far in between the provinces and
islands, whereas Bouea originating
from the Malaysian peninsula has low
level of distribution. This geographic
position may affect the genetic
variations, which emerged from each
member of the Bouea genus.
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According to Harsono et al.
(2016), based on the diversity
analysis of Bouea based on
morphological characters, B.
oppositifolia has a similarity coefficient
between 0.49-1.00, whereas B.
macrophylla has a similarity coefficient
between 0.77-1.00. This indicates that
the morphological variation of B.
oppositifolia is higher compared to
that of B. macrophylla. Morphological
variation is influenced by the level of
individual plasticity. Phenotypic
plasticity is influenced by the
interaction between the individual and
his environment (Mboumba and Ward,
2008). Phenotypic plasticity and local
adaptation ar@fconsidered important
mechanisms in the adaptation of
plants to new environments (Sexton
et al., 2002). This is inversely
proportional to the results obtained
using ISSR markers. This difference
may be due to the differences in
geographical distribution. The
geographical  distribution of B.
macrophylla is more vast than that of
B. oppositifolia. The vast distribution
of B. macrophylla causes low gene
flow due to the long distances
between populations. According to
Harsono et al. (2017), based on the
genetic  analysis  using CpDNA
sequence of trnL-F intergenic space,
B. oppositifolia is considered as the
ancestor of B. macrophylla. This
research can be used by breeders to
identify the diverse genotypes of
different groups and use them in
future breeding programs. Based on
all information obtained in this study,
the existence of Bouea as an endemic
plant in western Indonesia should
always be preserved. This study
provides a baseline data for Bouea
conservation programs in Indonesia.
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CONCLUSION

ISSR markers can be wused to
distinguish species from the Bouea
genus originating from Indonesia. B.
macrophylla (0.18-0.83) has a greater
genetic variation compared to B.
oppositifolia (0.56-0.99). The value of
gene flow (Ny) in B. oppositifolia
(0.6584) is higher compared to that of
B. macrophylla (0.3691). The primers
used in this study resulted in greater
polymorphic information content value
in B. macrophylla (0.893) compared to
B. oppositifolia (0.7009)3 B.
macrophylla is grouped into 3 clusters
with a similarity coefficient of 0.35
whereas BflfJoppositifolia is grouped
into 4 clusters with similarity
coefficient of 0.84. The ISSR marker is
capable of separating B. macrophylla
and B. oppositifolia with a similarity
coefficient of 0.34. This indicates that
B. macrophylla and B. oppositifolia
came from the same ancestor. The
ISSR marker can used to distinguish
members of the Bouea genus.
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