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Preliminary Genetic Analysis on Sea Cucumber From Sampadi Island, Sarawak

Nur Natasya binti Ab Halim

Aquatic Resource Science and Management
Faculty of Resource Science and Technology
Universiti Malaysia Sarawak

ABSTRACT

Sea cucumbers (Echinodermata: Holothuroidea) are also known as Holothuroids or Holothurians
which play important role in coral reef ecosystem. They are well known as a medicinal properties
and as a food source. A few molecular studies had been carried out in Malaysia mainly using 16S
rRNA gene and COI gene to study molecular phylogeny of Holothuroidea. However, there is no
study conducted on Holothuria from Sarawak. Therefore, this study is to sequence COI gene from
Holothuria of Sampadi Island and to assess genetic variation between individuals and infer
molecular phylogeny of Holothuria. A total of 406 bp of COI gene sequences were obtained from
H. leucospilota in this study. Genetic divergence of 1.1% to 2.8% was recorded among H.
leucospilota samples from this study and other H. leucospilota sequence data from Genbank thus
indicating intraspecific variations between H. leucospilota. Phylogenetic trees constructed using
Neighbour Joining (NJ) and Maximum Parsimony (MP) showed monophyletic of the H.
leucospilota as they grouped together into a single clade. Limited samples were used in this study.
Therefore, more samples from different locations should be used for future work.

Keyword: Holothuria leucospilota, genetic, COI gene

ABSTRAK

Timun laut (Echinodermata: Holothuroidea) dikenali sebagai Holothuroids atau Holothurians
yang memainkan peranan penting dalam ekosistem terumbu karang. la terkenal dengan ciri-ciri
perubatan dan sebagai sumber makanan. Beberapa kajian molekular telah dijalankan di Malaysia
menggunakan gen 16S rRNA dan gen Cytochrome Oxidase | (COIl) untuk mengkaji filogeni
molekul Holothuroidea. Namun, tiada kajian tentang Holothuria dari Sarawak. Oleh itu, kajian ini
bertujuan untuk mendapatkan gen COI bagi sampel Holothuria di Pulau Sampadi dan untuk
menganalisa variasi genetik antara individu serta mengenal pasti filogeni molekul bagi
Holothuria. Sebanyak 406 bp dari gen COIl telah diperolehi dari H. leucospilota dan digunakan
untuk analisa variasi genetik antara H. leucospilota dan sampel dari Genbank. Hanya 1.1%
hingga 2.8% variasi direkodkan. Ini menunjukkan kesemua sampel tersebut berasal dari leluhur
yang sama. Pokok filogeni yang dibina menggunakan Neighbour Joining (NJ) dan Maximum
Parsimony (MP) menunjukkan karakter monofiletik dengan kesemua sampel berkumpul bersama
membentuk satu clade. Sampel yang digunakan bagi kajian ini adalah terhad. Oleh itu,
penggunaan sampel yang banyak dari lokasi yang berbeza boleh dilakukan untuk kajian masa
hadapan.

Kata kunci: Holothuria leucospilota, genetik, gen COI



1.0 INTRODUCTION

Sea cucumbers (Echinodermata: Holothuroidea) are also known as Holothuroids or
Holothurians. This soft-bodied marine dwelling echinoderm is unique due to the presence
of evolved skeleton such as ossicles or spicules (EI-Naggar et al., 2008). Unique
characteristics distinguishing sea cucumber from other echinoderms include worm-shaped,

bilaterally symmetrical with lacking-arms and calcareous ossicles (Pechenik, 2000).

Sea cucumbers form an important part of multi-species invertebrate fishery which has been
existed in the Indo-Pacific for traditional and subsistence purposes for over 1000 years
(Bruckner et al., 2003). This fishery has expanded to supply a growing international
market and provide organisms for aquaria and biomedical research. Besides that, sea
cucumbers had been exploited for their potential nutritional and pharmaceutical properties.
Other than being used for traditional gamat water and oil, they have been utilized into

juice, liniment oil, balm, gel facial wash and soap (Lovatelli et al., 2004).

Biological and trade information strongly suggest that sea cucumbers may qualify for
listing in the Convention on International Trade in Endangered Species of Wild Fauna and
Flora (CITES). However, the data on species, quantities and source countries are largely

un-documented due to a lack of international trade controls (Bruckner et al., 2003).

According to Kamarudin et al. (2010), since 1985, some studies related to sea cucumbers
in Malaysia have been published. The studies were done at several sites in Peninsular
Malaysia and Sabah. There is no report on the species distribution of sea cucumbers in
Sarawak could be found until 2013. A preliminary study on sea cucumber community from
intertidal area of Satang Besar Island, Sarawak had been carried out by Desa (2013). He
estimated that Satang Besar Island has 609 individuals of sea cucumber (Holothuria

leucospilota) population.



A few molecular studies had been carried out in Malaysia for example the determination of
phylogenetic relationship between and among selected species of sea cucumbers
(Echinodermata: Holothuroidea) as inferred from 16S mitochondrial ribosomal RNA
(rRNA) gene (Kamarudin et al., 2010). The phylogenetic analysis showed the presence of
five main genera of sea cucumbers: Molpadia, Holothuria, Stichopus, Bohadschia and
Actinopyga. As mentioned by Roshah et al. (2006), identification of animals based on
mitochondrial DNA (mtDNA) has been used since it plays an increasingly important role
as a genetic marker in population and evolutionary biology. However, neither Kamarudin

et al. (2010) nor Rosnah et al. (2006) had involved any Sarawak specimens in their studies.

Therefore, this study is designed to carry out preliminary genetic analysis on Holothuria
leucospilota from Sampadi Island, Sarawak by sequencing the COlI mtDNA gene. The data
is then analysed to determine the genetic variation among H. leucospilota from study site

with specimens from GenBank and infer molecular phylogeny of Holothuria.



2.0 LITERATURE REVIEW

2.1 The sea cucumbers

Sea cucumber belongs to Phylum Echinodermata is a marine heritage of Malaysia. Sea
cucumbers are diverse and abundant group of marine invertebrate (Rosnah et al., 2006).
The distribution and the species density change and vary according to topographical
conditions of the habitat, areas and surrounding parameters such as temperature (29°C-
30°C), salinity (29.0-31.0 ppt), sea water pH (7.3-7.5) and dissolved oxygen (7.3-7.5

mg/L).

In Malaysia, sea cucumber is locally known as bat, balat, timun laut, brunok and gamat.
Meanwhile, among the Chinese community in Malaysia, sea cucumber is also called hoi
sum. Malaysia is one of the top 12 mega diversity countries in the world which possesses a

diversity of marine organism, including sea cucumbers (Ridzwan, 1993).

Generally, six orders of Holothuroidea namely Apodida, Elasipodida, Aspidochirotida,
Molpadiida, Dendrochirotida and Dactylochirotida have been identified worldwide to date
(Kerkut, 1961). Sea cucumber has sausage-shaped Echinodermata without arms and
recognizable abambulacral area. Around the mouth, some of the tube feet modified into
tentacles and some provided with suckers. It does not have spines. Instead, it has a
muscular body wall containing very small ossicles. Besides that, the number and shape of
the ossicles are also the criteria for scientific identification of the species. Some species
have Cuvierian tubules, organs that extruded which are used as a defence mechanism when
disturbed (Ridzwan, 1993). Other species extrude their entire internal organs (evisceration)
to distract the predators while they escape (Coleman & Marsh, 2003). Apart from
morphological characteristics or external characters, the classification of sea cucumbers is

also based on habitat and behaviours (Kamarudin et al., 2010).



Sea cucumbers host many of symbiotic organisms such as shrimps, crabs, worms and even
a very unusual fish. The pearlfish (Encheliophis homei, Encheliophis mourlani or
Onuxodon margaritiferae) has a transparent body, long slender and lives in the gut cavity
of the sea cucumber (e.g. Bohadscia argus, Stichopus chloronotus, Thelenota ananas). The

fish enters and leaves (tail first) through the sea cucumber’s anus (Zubi, 2013).

Echinoderms such as sea cucumbers play an ecologically important role in coral reef
ecosystem. They are usually the dominant organisms on the sea floor especially in shallow
and intertidal coral reef environments which commonly on reef flats and sandy areas. Most
of the sea cucumbers are benthic deposit feeders in lagoon and soft sediment environments.
They enhance the productivity of nutrient poor carbonate sediments by their burrowing,

bio-turbation and feeding or digestive activity (Hopley, 2011).

The sea cucumbers of Malaysia are well known for two reasons, which are as a medicinal
source and as source of food for example trepang (Ridzwan, 1993). The inhabitants of the
Peninsular Malaysia recognize sea cucumbers especially gamat as a treatment of wounds,
aches in the joints, high blood pressure and white spot disease (Rosnah et al., 2006). They
also stated that trepang is dried sea cucumbers that had undergone a series of processes
which included the removals of the internal organs, boiling the sea cucumber to soften the
tissues and lastly drying it for prolonged storage during transport and marketing (Ridzwan,

1993).



2.2 Holothuria

The name Holothuria was coined by Aristotle, the famous Greek philosopher whereas
Pliny, a taxonomist scientifically named the unique sea cucumber as Cucumaris marimus
which is literally means ‘sea cucumber’. This is due to their elongated and cylindrical

shapes resembling the cucumber (Ridzwan, 1993).

Holothuria in particular were found to be the major sea cucumber class in Malaysia with
about 150 genera (Kerr et al., 2005). This diverse genus has dominated comprehensive
reviews of the family. This is because the remaining genera are small, well delimited and
easily diagnosed. Two genera which are Actinopyga and Bohadschia were closely related
and primitive compared with Holothuria. Evolution happened in Holothuria whereby it
faced a progressive simplification of the ossicles from tables and buttons characteristic of
many Holothuria to less elaborate rods or rosettes, which is likely found in the Holothuria
subgenera, Selenkothuria and Semperothuria. However, it was suggested that the genus
had proceeded via the opposite trend, from simple ossicles to complex ones, and based in
this trend, he provided a tentative phylogeny of subgenera in Holothuria that would require
the genus to be monophyletic. The evolution of Holothuriidae proceeded from a form
similar to the burrowing Labidodemas, which has tables and sometimes buttons, to vagile-
exposed forms and to suspension feeders whereby some of which have rods and rosettes

(Kerr et al., 2005).

As mentioned by Desa (2013), the most abundant sea cucumber species in Satang Besar
Island was Holothuria (Mertensiothuria) leucospilota. The sea cucumber is most abundant
in salinity ranged from 33 PSU to 35 PSU, pH ranged in 8.7 to 9.5 and temperature ranged
from 33 °C to 35 °C. Desa (2013) also studied on the gut content of H. leucospilota

whereby he found sediments, diatoms of Navicula sp., Nitzschia sp., Amphipora sp.,



Symbella sp. and foraminiferans. They can be found on the sandy sea floor or under the
rocks in the sea waters. The English name of this soft-bodied species is white threads fish
which is locally named as bat puntil in Malaysia. It has a long and black tubular sea
cucumber with reddish body background. It has mouth surrounded by tentacles and a
terminal anus located at the posterior. The tegument of H. leucospilota contains many
tables and buttons. Generally, the table has perforated base at four holes at the central and

four to twelve holes at the peripherals.

2.3 Molecular Studies of Holothuroidea in Malaysia

Among the early studies on the species presence and distribution of sea cucumbers by
using morphological characteristics were done by George and George (1987) study (as
cited in, Kamarudin et al., 2010) and followed by Ridzwan (1993) whereby they focused
the region in Sabah, East Malaysia. Stichopus horrens was firstly identified as S. hermanni
which the validation was done based on the findings by Baine and Forbes (1998) and Sze
and Williams (2004). The Random Amplified Polymorphisms of DNA (RAPD) analysis
was carried out by Norazila et al. (2000) (as cited in, Kamarudin et al., 2010) was the first
and pioneering effort in Malaysia in the use of molecular phylogeny method to resolve
phylogeny of sea cucumbers. Despite this, phylogenetic analysis using DNA sequences is
considered as more powerful tool as compared to RAPD approach (Kamarudin et al.,
2010). In fact, mitochondrial DNA (mtDNA) is the useful marker in molecular genetics
analysis (Zhang & Hewitt, 1996) due to its uniparental mode of inheritance, relative
simplicity of enzymatic amplification, high rate of evolution and the rate of substitution in
MIDNA is within the range of 5 to 10 times greater than in “single-copy” nuclear DNA

(Ballard & Kreltman, 1995).



According to Kamarudin et al. (2011), a partial 16S mitochondrial ribosomal RNA (rRNA)
gene sequence of H. leucospilota from Tioman Island, Pahang Darul Makmur and
Holothuria (Mertensiothuria) hilla are sister taxa based on the consensus phylogenetic
relationship. However, there is lack of sea cucumber research in Sarawak. As stated by
Kamarudin et al. (2009), there were limited coral reefs in seawater region in Sarawak such
as coral reef habitats surrounding Sampadi Island, Satang Besar Island, Satang Kechil

Island, Talang-Talang Besar Island and Talang-Talang Kechil Island.



3.0 MATERIALS AND METHODS

3.1 Samples Collection

Approximately 20 individuals of Holothuria were analysed in this study. Whole tissue
samples was collected from the cloaca muscles, preserved with 2 types of preservations,
(1) store in ice box filled with ice cubes during transportation and stored in -80 °C at
Aquatic Molecular Laboratory, FRST UNIMAS and (2) 70% ethanol and 5% EDTA. All
samples were subjected to total genomic DNA extraction using modified CTAB (Doyle &

Doyle, 1987) followed by PCR experiments.
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Figure 3.1: Location of Holothuria samples collection, Sampadi Island, Sarawak (N 01° 44°58.8"",
E 110°04°50.7)



3.2 Molecular Work

This section comprises of subsections namely preparation of buffer solution, total genomic

DNA extraction, agarose gel electrophoresis and polymerase chain reaction.

3.2.1 Preparation of buffer solution for modified CTAB method (Doyle and Doyle,

1987)

i)  CIA Chloroform Isomyl Alcohol (24:1)

For the preparation of 250 ml CIA, 240 ml of chloroform was mixed with 10 ml of
isomyl alcohol and stored at room temperature. The prepared CIA reagent was stored
in flask (with appropriate labels), wrapped with aluminium foil to avoid light for long

term storage.

ii) CTAB (Cetyl-trimethyl Ammonium Bromide) buffer

Table 3.1 2X CTAB buffer recipe for 500 ml stock (Doyle &Doyle, 1987)

Volume required / chemicals Molecular Weight (g) Quantity (g)
Sodium chloride, NaCl 58.44 40.90

Tris (hydroxymethyl)-aminomethane, Tris base 121.14 6.05
Cetyl-trimethyl ammonium bromide, CTAB 364.09 10.00
Ethylene diaaminetetra-acetic acid, EDTA 372.2 3.70
2-mercaptoethanol-fB-mercapto 78.13 1.00

Firstly, an amount of 40.90 g of NaCl was weighed using electronic balance
(Adventurer™, Ohaus) and later was placed in a 500 ml beaker. Then, 6.05 g of Tris base,
followed by 10.00 g of CTAB and 3.70 g of EDTA were added into the beaker. After that,
400 ml of sterilized distilled water, sdH,O was poured into the beaker to dissolve the
substances. Then, the solution was stirred using the magnetic stirrer until the solution

become crystal clear for about 3 hours on a hotplate stirrer (Lab Tech® LMS-1003). After

10



the solution become clear, it was cool down to room temperature. Later, the solution was
poured into 500 ml sterilized bottle. The bottle then was fully wrapped with aluminium foil
to avoid from light. Next, 1 mL of 2-mercaptoethanol-pB-mercapto was added into fully
covered bottle. Lastly, the volume of the solution in the bottle was added with sdH,O until
it reaches 500 ml. The bottle was labelled accordingly and was stored on chemical working

bench.

3.2.2 Preparation of tissue samples for total genomic DNA extraction

Firstly, samples were taken out carefully. The frozen tissues of sea cucumbers were thawed
in the sink with running tap water followed by multiple washes using distilled water to
remove the foreign particles. The surgical blades, surgical blade-holder, and labelled
sample tubes were prepared. Then, the tissue samples were cut-sliced from each samples
followed by storage in the properly labelled tubes. Each sample was stored in separate
tube. Different blade was used for each sample. The obtained in-tube-samples were stored

in -20 °C freezer for the next step of DNA extraction.

3.2.3 Total genomic DNA extraction using modified CTAB method (Doyle & Doyle,

1987)

Total genomic DNA of Holothuria sp. samples were extracted using the modified Cetyl-
trimethyl Ammonium Bromide (CTAB) method (Doyle & Doyle, 1987) in the presence of
Proteinase K. For the solid tissue sample, appropriate amount was minced with a few drops
of CTAB. The minced samples were placed into 1.5 ml eppendorf tube, which later added
with 700 pL of 2X CTAB buffer. Then, 5 pL of Proteinase K was added into the tube
before it was incubated in the water bath (Protech, M903) at 65 °C. The tube was incubated
until the tissue sample dissolved completely. A total of 700 pL of chloroform-isoamyl

alcohol (CIA) was added into the tube. Consequently, the tube was vortexed using

11



Gilson® GVLab for 1 — 2 minutes to mix the solution. Later, tube was centrifuged at 13
000 revolutions per minute (rpm) for 10 minutes using Hitachi RX series CF15RX, High-
Speed Micro Centrifuge. Three layers of mixture were observed in the tube after
centrifugation process, but only upper layer of the aqueous phase was taken out slowly
using micropipette and was transferred into a new tube. After that, 500 uL of absolute
ethanol (EtOH) was added into the tube and the tube was inverted upside down slowly to
mix the mixture. Later the tube was stored overnight in the freezer at -20 °C before
centrifugation at 13 000 rpm for 15 minutes. The absolute EtOH was poured out and 500
uL of cold 70% EtOH was added into the tube. After that, the sample was centrifuged
again at 13 000 rpm for 15 minutes. After that, the mixture was poured out and visible
DNA pellet was observed. After that, the pelleted DNA was re-dissolved in 50 pL of

sterelized distilled water and stored in the freezer at -20 °C for further analysis.

3.2.4 Agarose gel electrophoresis

Firstly, agarose gel was prepared by weighing approximately 0.5 g of agarose powder
using the electronic balance (Adventurer™, Ohaus), then was put into the 250 ml beaker.
After that, 50 ml of 1X TAE (Triss-acetate-EDTA) buffer was added. Next, the mixture
was heated in the microwave for 2 minutes at medium high heat. After that, the flask was
swirled to ensure that the agarose powder was completely dissolved. Then, the solution
was poured into the contaminated beaker. Later, two drops of ethidium bromide, EtBr was
added into the mixture and the solution was swirled to mix it. Comb was placed inside the
gel tray to from wells. After that, the agarose gel solution was poured into the tray and let
to solidify. Next, the comb was removed after the gel solidifies. Then, the solidified 1%
agarose gel was placed in the tank and that the position of the well was made sure to be at
the negative terminal. 1X TAE buffer was added into the tray until it submerges the gel

and it is better to add a little bit more of the solution until it reaches maximum level.

12



Afterwards, 5 pL of DNA samples was mixed with 1 pL loading dye on the parafilm
before exerting it into the wells of the agarose gel. The mixture of 2 uL DNA ladder
(Promega™ 1 kb DNA ladder) plus 2 pL of loading dye was put in the first well to help
estimate the size of unknown DNA bands. After that, electrophoresis was done using 90V
for 60 minutes using external power supply (MAX FILL EPS-300 I11V). Finally, the DNA
bands obtained from this process were subjected to visualize under UV light using

ultraviolet trans-illuminator.

3.2.5 Polymerase Chain Reaction (PCR)

To amplify Cytochrome Oxidase | (COI) gene of approximately 500 bp, polymerase chain
reaction (PCR) method was used in this study. Two primers were used namely COIf
(forward) 5°-CCT GCA GGA GGA GGA GGA GAY CC-3’ and COle (reverse) 5’-CCA

GAG ATT AGA GGG AAT CAG TG-3’ (Palumbi et al., 1991).

Amplification reaction was done in a 25.0 pL reaction mixture containing 0.4 pL DNA
(from DNA extraction), 5.0 pL of 10X PCR reaction buffer, 14.2 pL of sterelized dH20,
2.0 pL of magnesium chloride (MgCl;, 25 mM), 1.0 pL nucleotide/dNTP mix (10 Mm),
and 0.4 pL of 5 u/uL Tag DNA polymerase for each primer namely respectively. The
components and the volume used for the amplification reactions are listed in Table 3.2. For
the reaction, PCR reaction was performed in a programmable gradient-enabled

thermocycler (Bio-Rad MyCycler™ Thermal Cycler).

The amplification process was started with pre-denaturation step using 96 °C for 7 min,
followed by 30 cycles of denaturation at 95 °C for 1 min; annealing at 35 °C for 45 s and

extension at 72 °C for 1 min 30 s, with a final extension at 72 °C for 10 min.

13



The amplification process is summarized in Table 3.3 while PCR thermal profile is shown

in Figure 3.2.
Table 3.2 PCR master mix (Kamarudin et al., 2011)

Reagent 1x reaction (pL) 10x reaction (pL)
10X PCR reaction buffer 5.0 50.0
MgCl,, 25 Mm 2.0 20.0
dNTP mix, 10 Mm 1.0 10.0
Primer 1.0 10.0
Taq DNA polymerase, 5 u/pL 0.4 4.0
*DNA template 0.4
*sdH,0 14.2
Total 25.0

*DNA template and sdH,O will be inserted into each PCR tube before mixing with 10.0 pL of

master mix.

Table 3.3 Amplification process in automated thermocycler for PCR using COI (forward) and COI

(reverse) primers

Step Temperature (°C) Duration Number of cycles
Pre-denaturation 96 7 mins 1

Denaturation 95 1 min

Annealing 35 45s 30

Extension 72 1min30s

Final extension 72 10 mins 1

Soak 4 o0 1

14
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Figure 3.2: PCR thermal profile (adapted from Kamarudin et al., 2011).

After PCR, the PCR products were analysed by gel electrophoresis using 1% agarose
stained with two drops of EtBr in TAE buffer for 100-120 minutes at 80 V. 100 bp DNA
ladder was used to estimate the size of the PCR bands. Gel was then subjected to visualize

under the UV light and photographed using Gel Doc systems.

3.3 Data analysis

All the usable sequences obtained after DNA sequencing process were aligned and
compared with corresponding sequence(s) from GenBank database to determine the
reliability of the sequences. Basic Local Alignment Search Tool (BLAST) program was
used to find corresponding sequences from the GenBank database. Chromas Lite (Version
2.1) program was used to display fluorescence-based DNA sequencing results. Multiple

sequence alignment for were done using ClustalX program (version 1.81) and subsequently
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aligned by eye. MEGA software version 6.1 was used to reconstruct topology of
neighbour-joining tree and maximum parsimony tree. The phylogenetic confidence was

estimated by bootstraps and branch length.
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