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Absteact. Hidavani AA, Fujava Y, Trijuno DD, Rukminasart N, Alimuddin A. 2020. Genetic diversity ?blm‘ swimming crab (Portunus
pelagicus Liumu 1758) from Indonesian waters (Sunda and Sahul Shelf, Wallacea region): Phytogenetic approach . Biodiversitas 21
2097-2402. Blue swimming crab is one of the exploited fisheries commodities in Indonesia. This condition has contribuied to the
dechine of their genemli\cuily. The information on genetic diversity assumes importance for the conservation and the culwral
purposes of species. The swdy aimed o determine the genetic diversity of blue swimming crabs from Indonesian waters using
phylogenetic analysis. We conducted sampling of crab from several Indonesian waters, such the Aceh and Semarang (representing
Sunda Shell), Barru, South Sulawesi, and Mafl¥#re. Flores (representing Wallacea region) and Sorong. Raju Ampat and Kaimana
rt‘.\cnllng Sahul Shelf). Genetic diversity in this study using mitochondrial DNA (mtDNA) by implementing the method of
Cytochrome ¢ Oxidase Subunit I (COD. According to the findings. the blue swimming crabs from our study sites had a high genetic
diversity variation. Three groups of crabs were determined using phylogenetic tree which formed three different unique clades. There
was the same haplotype of crab observed from different locations, barring 2 sample from the Sahul Shelf which has a unique haplotype.
There was no genetic speciation of crab samples from the Sunda Shelf and the Wallacea region were observed . except samples from the

Sahul Shelf, Hy bridization might occur between species of the crabs due w the finding of a cryptic species.

Keywords: Indonesian water, CO1, phylogenetic approach, Portunus pelagicus

INTRODUCTION

Blue Swimming Crab (Portunus pelagicus) is one of
the most critical fishery-based commodities in the w
This crab was distributed at Indo Pacific. Japan. and the
Philippines through South East and EfAsia o Australia,
Fiji. Red Sea, and East Africa (FAO Fisheries and
Aquaculture Department 2014). The majority of swimming
crab producer countries have reported that this community
has been over-exploitation wiith was threatening the
sustainability of this crab  (Svane and Hooper 2004
Sawusdee and Songrak 2009: Kamrani et al. 2010;
Mehanna et al. 2013 and Kunsook et al. 2014).

Over-exploitation of the organism will be caused a
decline in genetic diversity. consequently leading to the
decline of heterogeneity (Garcia de Leaniz et al. 2007). In
the wild, inbreeding between species has resulted in
inferior genetic quality as a consequence of the decline in
the reproduction performance, particularly the number of
larvae and survival rates (Sawitri and Takadjandji 2014).
Hybridization among species with a far genetic distance is
a technigue that could help resolve the problem relating to
decreasing genetic quality. For crab culture, it is crucial (o
provide detailed on crab genetic  information from
Indonesian wul In this study, we conducted a
molecular-based identification of blue swimming crab (F.

pelagicus) from several Indonesian  waters, which
representing three regions of indonesia (Sunda Shelf,
Wallacea region, and Sahul shelf).

The information of genctic species” diversity of blue
swimming crab is essential for understanding whether this
genetic variation is a factor that could help determine the
variation of crab larvae growth rate (Klibunga et al. 2007).
The crab from different locations might different trait, differ in
the quality and performance duve to the cm'irwaentul
factor. In the meantime, crab farmers regard the blue
swimming crab as a single stock, which is P. pelagicus.
However, there are four species of Portunus. each of which
has different life requirements. Consequently, they require
different manag@nt in reproductive aspects (Klibunga et
al. 2010; Sienes et al. 2014). An carlicr study cofdicted by
Sienes et al. (2014) using the mitochondrial COl gene
region showed that P. pelagicus from the Philippines
consists of two species, which is a clade I, assuming it as a
sibling of P. segnis.

In contrast, clade 2 is a cryptic species (species is a
morphologically that is similar but genetically is different).
Previously, Lai et al. (2010) had used the sam@ifethod to
combine morphometric analysis, finding that the genetic
diversity of P. pelagicus from geograpfgully different
locations is high. That crab population consists of four
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species, namely P. pelagicus, P. armatus, P. reticulatus,
and P. segnis.

Only a few studies have been conducted regarding the
mm diversity of blue swimming crab stock in Indoiesia
(Lai et al. (2010) and Fujaya et al. (2016). Fujaya et al.
(2016) showed that blue swimming crab on Makasar Strait
consists ol three main groups whose genetic constituent is
different. However, very few studies relate to the genetic
EEliysis of blue swimming crab from indonesian waiers.
The study aimed to determine the genetic diversity of blue
swimming  crabs  from  Indonesian  waters  using
phylogenctic analysis. For this purpose, we conducted a
sampling of crab from several Indonesian waters, using

region.
i

MATERIALS AND METHODS

Sampling location and collection

Crab samples were collected from Acch and Semarang
(representing Sunda Shelf), Barru (Makassar Strait) and
Maumere. Flores (representing Wallace Region), as well as
Sorong. Raja Ampat. and Kaimana (representing Sahul
Shelf) (Figure 1). Fresh muscie tissue for DNA analysis
was collected at the study sites. From each location, 7 - 15
crab samples/population was collected. with the detail
number of samples as follow: Aceh (n=10), Semarang
(n=7), Barru (n=10). Maumere (n=10), Sorong (n{fEH).
Raja Ampat (n=10) and Kaimana (n=15). Specimens were
identified using taxonomic keys in Lai et al. (2010).
Besides. 50 mg of fresh crab muscle tissue from each
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sample was preserved using a 70% alcohol solution. The
collected samples were stored at room temperature before
the DNA extraction process.

DNA extraction, PCR and data analvsis

DNA extraction was done using genomic DNA mmn
(Geneaid). Genetic diversity analysis was perfoffled using
Cytochrome ¢ Oxidase Subunit I (COI) with COla (5' -
AGTATAAGCGTCTGGGTAGTC-3)  and COIf (5
CCTECAGGAGGAGGAGATCC-3) primers referred to
Lai et al. (2010). This primer pair amplifi es a COl
fragment that corresponds to positions (5' to 3') 681-1294
of the mitochondrial genome CO1 gene amplification was
conducted using P(ﬂ with the initial denaturation program
at a temperature of 94°C for 2 minutes following 30 cycles
of 94°C for 1 minute. 50°C for 1-minute. and 72°C for 1.5
minutes. The PCR amplification product was then
separated using clectrophoresis of 2 % agarose gel. fm
fragment from agarose gel was documented using Gel
Documentation System (Biometra). Finally, the size of
DNA fragment was measured using a IUU Plus DNA
Ladder. Electrophoresis product was purified on an agarose
bed (1% agarose gel, 0.75 g: 75 mL SB Buffer; 4 yL
Ethidium Bromide) at 100 V400 amp for 30 min betore
carfi g out sequencing.

The phylogenetic tree was created using MEGA 70
program mmur et al. 2016). The DNAsp ver. 5.10
program (Librado and Rozas 2009) was used to determine
the difference of haplotype between the blue swimming
crab population from our study sites.

Figure i . Distribution of sampling site of Pormmus pelagicus from indonesian water
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RESULTS AND DISCUSSION

Electrophoresis results showed that the COI gene from
our sumples was 650bp with good quality. The size of after
editing sequencing results was 400bp. The DNA analysis
result showed that the blue swimming crab population
representing Sunda Shelf (Aceh dan Semarang) was into
clade I dan 11 combined with samples from the Wallace
Region (Barru and Maumere). Samples from Sszhul Shelf
(Sorong, Raja Ampat. and Kaimana) was into clade 4.
however, one sample from Aceh was into this clade. Gene
sequencing of samples from the Sunda Shelf and Wallacea
Region exhibited similarity with gene sequencing of
Portunus spp from Gene Bank (Figure 2), Genc sequencing
of samples from Sahul Shelf has grouped itself and showed
only two similarities with two species of P. pelagicus and
one species of P.rericularus from a gene bank.

Furthermore, our gene sequencing of samples showed a
similarity with P. pelagicus from Viemam (accession
number: AM410517) and Malaysia (accession number:
MK3838524). Meanwhile, our gene sequencing of samples
was also found to share a similarity with P. rericulatus
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from Pakistan ﬂccssicn number: KY428868). These
results showed a high genetic diversity of P. pelagicus in
(hiamdy.
The evolutionary history was inferred by using the
imum Likelihood method based on the Tamura-Nei
model (1993). The tree with the highest log likelihood (-
77.23) is shown in the figure. The percentage of trees in
ich the associated taxa clustered together is displayed
t to the branches. Initial tree (s) for the heuristic search
obtained automatically by applying Neighbor-Join
and HEEINJ algorithms to a matrix of pairwise distances that
were estimated using the Maximum Composite Likelihood
L) approach, before selecting the topology with
ior log likelihood value. The tree is drawn to scale,
branch lengths being measured in the number of
stitutions per site. The analysis involved 92 nucleotide
ences. All positions containing gaps and missing data
eliminated. A total of 158 positions was found in the
dataset. Evolutionary studics were conducted in
MEGA 7 (Kumar etal, 2016).

-, Clade 1

' Pnrtnnn: ann
Portunus spp.

Figure 2. Phylogenetic tree analysis of Porfunus pelagicus from Indonesian water by Maximum Likelihood method
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Genetic distance values obtained from distance method
in pairwise differences. Almost all samples have a genetic
distance value was < 1, except a sample from Sorong. the
genetic distance value was 1 (Tabel 1). This finding
indicated that Portunus species from our location have a
hi.l_'.h genctic  variation Furthermore . the [inaliny_ for
Sorong's sample indicated that there was a totally different
species of Portunus and no similarity with other Portunus
samples from other locations.

A high of haplotype diversity was shown by the number
of haplotypes in this study (acconnting for 46) that was
spread geographically (Fig.3). Several haplotypes of the
same type were found to be scattered at different locations.
However. two identical haplotypes (H4 dan H7) from Acch
crab sumples were also found at Maumere crab samples.
Additionally, four haplotypes (H9, H10, H11 dan H12) of
the same time were found at Semarang and Barru crab
samples. Meanwhile. crab samples from Sorong, Raja
Ampat. and Kaimana were found to have one same
haplotype (H21).

Our study found that the number of haplotypes for each
crab population from our study sites was similar, except for
crab samples from Kaimana, which had the highest number
of haplotypes, accounting for 15 haplotypes (Table 2). This
finding showed that the diversity of haplotype was a
maximum (1). The variety of haplotype and nucleotide in
this study were a range of 06-1 and 0.038-0.102,
respectively. Table 3 summarizes the population parameter
analyzed using DNAsp version 6 software.

BIODIVERSITAS 21 (5): 2097-2102, May 2020

shelf. However, we only found one male crab from Acch
that belonged to Clade 4. Furthermore, we also found that
Clade 1V had a similarity of P. pelagicus from Malaysia
(MK#38524) and Vietnam (AM410517). According to our
findings. there was a combining genetic of P. pelagicus
from the Sunda Shell and Wallacea Region. We assumed
that the combined genetic of this P. pelagicus is attributed
to the current waters of those arcas that were also affected
by 1hl:ﬂnsmn scason. When west monsoon occurs, water
flows from the Pacific Ocean to the Indian Ocean through

Indonesia and vice versa for east monsopon

Table 1. The number of base substitutions per site from averaging
over all sequence pairs between populations are shown in distance
method of pairwise difference

Site Aceh Semarang Barru Maumere Sorong Raja Ampat

Semarang 0419

Barru 0.759 0844

Maumere 0861 0946 0890

Sorong 1000 1,000 1000 1.000

Raja Ampat 0.829 0923 0862 0556 1000

Kaimana (0816 0912 0847 0943 1000 0 909

2
Table 3. Populution parameters. Note: number of samples :n.l
number of haplotypes (Nh), number of the polymaorphic site (Np).
haplotype diversity (h), and nucleotide diversity (x) among the
population.

Discussion
The phylogenetic tree with the Maximum Likelihood —_ Population N Nh Np h n
method produced four clades. From this phylogenetic tree.  Aceh 10 7 57 0911 0.1029
Clade 1 and 11 showed a combining genetic of P. pelagicus ~ Semarang 7 5 35 0904 0.0785
sensu stricto (Original species of P. pelagicus) from the — Bamu 10 8 M 0955 0.0703
Sunda Shelf and Wallacea region. Clade i was only found Maumere 10 5 9 0667 00138
to be dominated by P. pelagicus from Semarang and Barru, Sorong 1 k o a807 0.067
i ) i : . ) . Raja Ampat 10 6 24 0844 0.0385
Clade 1T was genetic of Pormunus spp from gene bank, o 05 05 A o
. . : . ‘ almana L 5 35 1000 0.6671
whereas Clade 1V was genetic of P. pelagicus from Sahul —— " 5 S
Tabie 2. Haploty pe number for each crab population
Site Sex :::kzt ;:: Haplatype iype Share ha plolype
Aceh Male a H1.H2,H3, H4, HS H4. H7 (Maumere)
Femule 3 H4, H6,.H7
Semarang Male 3 H8,.H9.H10 H9, HI10, H11 (Barru)
Female 4 H9. HIO.HI1, HI2
Barru Male 4 HIO HI1, HI3, HI4 H9. HIO, H11 (Semarang)
Female . H9. H11 . HI12, HI5 HI6
Maumere Male 2 H4.H17 H4. H7 (Aceh)
Female 4 H4.H7.HI8, HI9
Sorong Male 4 H20, H21, H22, H23 H21 (Raja Ampat, Kaimana)
Female 5 H21, H24, H25, H26, H27
Raja Ampat  Male 3 H21,H28, H29 H21 (Sorong. Kaimana)
Female 5 H21, H2R, H30, H31, H32
Kaimanu Male 7 H33, H34, H35, H36, H37, H38, H39 H21 (Sorong, Raja Ampat)
Female 3 H21, H40, H41, H42, H43, H44, H45, H46
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Figure 3. Map of Haplotype distribution of blue swimming crab in the study sites. Note: red. blue, and orange circle showed the same

haplotypes m different locations

Those seasons %Fgc known to
distribution and mixing of crab !ur\'uEm those arcas
(Daruwedho et ai. 2016). Our finding is supported by a
previous study conducted by Klinbunga et al. (2007). who
found that the larvae stage of P. pelagicus is a planktonic
organism that had a high dispersal potential and made it
possible for the gene to flow extensively between
conspecific samples. This larvae dispersal and gene fiow
among species could be covered for a large geographical
(Klinbunga et al. 2007). Individual mature crabs were

monsoon cause the

are;
also found to contribute to the dispersal of the gene among
the population through the mating and spawning process.
When female crabs engage in spawning, they tend to
migrate  from Estuary to the occan. Generally, this
migration is done before ther gonad matures completely
(Kamrani et al. 2010),

According to this study results, there was one male crab
from Aceh that belonged to Clade 1V (Sahul shelf Clade
population). We assumed that there was an expanded
population of P. pelagicus from Acch. This finding was in
line with that of a previous study by (McMillen-Jackson
and Bert 2004). who explained that the spontancous
expansion of population could affect the genetic diversity
of species, in particular between different  haplotypes

whose existence is mo
of genctic drift. As a consequence of this phenomenon,
several resultant haplotypes could be close to each other,
and several original members of the small populaffh will
have a high frequency. This haplotype will play an
essential role in the genetic ¢ re due to an alteraticn in
the environment. This genetic change will also affect the
capability of species in terms of survival and reproduction
(Sharif et al. 2016).

Our study found that there was not genetic speciation of
P. pelagicus from the Sunda Shelf and Wallacea Region
(Ciade 1 and Clade ii), even though they beionged to a
different environmental condition. This finding indicated a
convergence of their physical characternistics. Supported
our results, Bickford et al. (2006) explained that the
extreme ecological health led to morphological changes in
species caused by the nawral selection process. Species
that had experienced a strong selection on behavioral and
physiological characters for adaptation to a  specific
condition usually did not show the change in phenotype
characters. Meanwhile, the species who could adapt 1o the
extreme environmental situation and pass the strong
selection  converged their physical characteristics  and
speciate rhruui'h hahitat I'r:llntum'ul:ltmn_ \llh\l‘(_llrl‘l’h‘!‘ drift
as well as other mechanisms relating to cryptic species.

Our results showed that P. pelagicus from Sahul Shelf
had a genetic similanty with P. pelagicus and P. reticulatus

in the gene bank: however, this male crab had a
rphological similarity with P. armarus (Hidayani et al

2018). This finding indicated that there was a formation §
cryptic species in our study's crab population. Bickford et
§1:3(2006) and von der Heyden et al. (2014) explained that
cryptic species is a sibling species that came from the same
ancestors whose existence is attributed to the overlapping
phenotype. Furthermore, they also revealed that the
formation of cryptic species was possibly caused by
hybridization.

Genetic  analysis  result .\lua-d that there was a
phenotype character convergence between P. pelagicus and
P. armarus or P. reticulatus unca’. armatus. This result
was indicative of hybridization between P. pelagicus/P.
reticulatus and P. armatus and supported the finding of a
previous study (Bryars and Adams (1999). They reported a
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hybridization of crab between P. armaius dan P. pelagicus
m Australia. Correspondingly, Khinbunga et al. (2007) also
said that the hybridization dgfurred for Portunid in
Thailand, whereas there was hybridization between P,
pelagicus and P, reticulatus at Bay Andaman Sea. Lai et al.
(2010 mcnumc found that there was a hybridization
phenomenon between P. pelagicus and Phrynocephalus
reticulatus at the Bengala Bay.

This study found that it is difficult to differentiate
between the phenotypharacteristic of P. reticulatus and
P. armatus as well as P. pelagicus and P. segnis. Based on
the nucleotide diversity (Table 2). a high nucleotide value
of our crab samples was found in several locations, except
a sample from Maumere and Raja Ampat. This finding
was indicative of high genetic similarity. Lai et al. (2010)
plaincd that there was a difficulty in carrying out a
genetic  differentiation  between P. reticulatus and P.
armatus as well as P. pelagicus and P. segnis duc 1o only
2% and 3.14% of their genetic distance, respectively.
According to them, species that have a close genetic
distance could share their  haplotype  through a
hybridization process g

In conclusion, the genetic diversity of P. pelagicus from
indonesian waters was found 1o be high. Thice genctic
clades of our crab were discovered. namely Clade I, Clade
11. and Clade IV, There was no genetic speciation of crab
samples from the Sunda Shelf and Wallacea Region, except
for the samples from Sahul Shelf. Besides, hybridization
occurred beiween species and creaied a crypiic species.
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