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Preliminary Molecular Work On Sea Urchin (Diadema setosum) from Sabah 

Mohd Zulhilmi Zamri 

Aquatic Resources Sciences and Management 

Faculty of Resource Science and Technology 

Universiti Malaysia Sarawak 

 

ABSTRACT 

Sea urchin (Diadema setosum) is an invertebrate from class Echinoidea which have long spine with five, 

characteristic white dots that can be found on its body. Sea urchin can be found in abundant in lagoon, particularly 

areas of coral rubbles thus it is associated with unhealthy coral areas. There were few studies on sea urchin in Sabah 

in terms of species diversity, distribution and density, however there is no molecular study on this species yet. 

Therefore this study is designed to sequence the 16S rRNA gene of D. setosum from Sabah. This study involved 

samples collection from Kudat and Lahad Datu, Sabah, total genomic DNA extraction using phenol- chloroform 

method, Polymerase Chain Reaction (PCR) to amplify 16S rRNA, PCR product purification, direct DNA 

sequencing and data analysis. A total of 500 bp 16S rRNA gene sequences obtained from Diadema setosum of 

Kudat and Lahad Datu. These sequences match 16S rRNA gene of D. setosum DQ073741.1. Genetic divergence 

between D.setosum Kudat and Lahad Datu was 0.8%, wheres between samples from Sabah and D.setosum 

DQ073741.1 was in range 4.3 – 4.5%. The phylogenetic study showed that all sea urchin; Diadema setosum in this 

study are monophyletic. 

Keywords: Sea urchin, DNA extraction, 16S rRNA, genetic divergence 

 

ABSTRAK 

Landak laut (Diadema setosum) adalah invertebrata dari kelas Echinoidea yang mengandungi ciri – ciri; berduri 

panjang dan lima tompok putih yang boleh ditemui pada tubuhnya. Landak laut kebanyakan ditemui di kawasan 

laguna, dan khususnya kawasan gugusan karang sehingga dikaitkan dengan kawasan karang yang tercemar. Ada 

beberapa kajian yang dijalankan pada landak laut di Sabah antaranya kajian tentang kepelbagaian spesies, taburan 

species dan kewujudan species, namun belum ada kajian molekular pada spesies dari Sabah. Oleh kerana itu kajian 

ini direka untuk dokumentasi urutan gen 16s rRNA D.setosum dari Sabah. Penyelidikan ini melibatkan 

pengumpulan sampel dari Kudat dan Lahad Datu, Sabah, pengekstrakan DNA dengan menggunakan kaedah fenol-

kloroform, Polymerase Chain Reaction (PCR) untuk menguatkan 16S rRNA, penjernihan produk PCR, dokumentasi 

data DNA dan analisis data. Sebanyak 500 bp dari gen 16S rRNA telah diperolehi  daripada Diadema setosum dari 

Kudat dan Lahad Datu. Data ini sepadan dengan gen 16S rRNA daripada D.setosum DQ073741.1. Variasi genetik 

antara D.setosum Kudat dan Lahad Datu adalah 0.8%, manakala antara sampel dari Sabah dan D.setosum 

DQ073741.1 dalam anggaran 4.3 - 4.5%. Kajian filogeni menunjukkan bahawa semua landak laut; Diadema 

setosum dalam kajian ini adalah monofiletik. 

Kata kunci: Landak laut, pengekstrakan DNA, gen 16S rRNA, variasi genetik 
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1.0 Introduction: 

 

Sea urchins of the genus Diadema is one the most abundant and wide spread sea urchin 

genus (Lessios et al., 2001). Diadema setosum is a species of long-spined sea urchin 

belonging to the family Diadematidae. It is a typical sea urchin, with extremely long, 

hollow spines that are mildly venomous. D. setosum differs from other Diadema with five, 

characteristic white dots that can be found on its body (Lessios et al., 2001). The 

long‐spine sea urchin; D. setosum is one of the most abundant species on coral reefs in East 

Africa (Coppard et al., 2006). The echinoderms are dioecious and have a high dispersal 

life‐history with high fecundity and external fertilization. Diadema setosum is a widely-

distributed species of sea urchin. Its range stretches throughout the Indo-Pacific basin, 

longitudinally from the Red Sea and then eastward to the Australian coast. Latitudinally, 

the species can be found as far north as Japan and its range extends as south as the southern 

tip of the African east coast (Yokes, 2006). 

 

Diadema setosum is commonly associated with coral reefs, but is also found on sand flats 

and in seagrass beds. Along with the other members of the family, D. setosum is a 

prolificgrazer. They are known to feed on a variety of algal species common on tropical 

coral reefs. The ecological importance of the taxon as a whole has been stressed because of 

its herbivorous habits (Coppard et al., 2006). Sea urchin (Strongylocentrotus purpuratus) 

play importance to biomedical research, the sea urchin genome was completely sequenced 

and annotated in 2006, the sea urchin genome is estimated to encode about 23,300 genes 

(Lessios, 2001). This species (Diadema antillarum) is ecologically important because it 
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consumes algae that can otherwise grow to such an extent that they can smother coral reefs 

found on the coasts of the tropical Western Atlantic Ocean, including the Caribbean Sea 

and coasts of tropical South America (Greenberg, 1986) 

The sea urchin, Diadema setosum can be found in lagoon and reef regions and distributed 

in  Australia, Papua New Guinea, Southeast Asia and various other islands in the Pacific 

and Indian Ocean (Lessios et al., 2001).  They can be found inhabiting the coral rubble and 

the reef areas (Lawrence, 2001) of Kudat and Lahad Datu in Sabah. According to Lessios, 

(1998) Diadema setosum is distributed in isolated localities of the northern and eastern part 

of Borneo. 

There were few studies on sea urchin in near Sabah; according to David et al., (2000) 

based on comprehensive review and analysis of literature on echinoderm records for the 

South China Sea indicates close to a thousand (982) species in total (113 crinoids, 227 

asteroids, 272 ophiuroids, 197 echinoids and 203 holothuroids). Thus study had done in 

term of species diversity. On behalf of species distribution, a total 178 echinoderms have 

their type locality in the South China Sea, with 63% of these currently considered endemic 

(David et al., 2000). However there is no molecular study was done on this species 

especially from Sabah. Therefore, this study is designed to document a complete sequence 

16S rRNA gene of D. setosum from Sabah. Upon completion of this study, the complete 

16S rRNA sequences documentation of D. setosum able to serves as base line data for D. 

setosum for Sabah. 
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2.0 Literature review: 

2.1 Background history 

The oldest echinoids come from the Late Ordovician Period and are approximately 450 

million years old. The closest sister group to the echinoids are the holothurians and the two 

groups must have diverged from starfishes and ophiuroids between 500 and 450 million 

years ago (Coppard et al., 2006). 

The roots of the modern echinoid fauna can be traced back to the Permian about 250 

million years ago, when the first cidaroids appeared. Both cidaroids and the ancestors to 

the euechinoids passed from the Palaeozoic into the Mesozoic, but we know very little 

about this period in the group's history (David et al., 2000). In the Triassic both cidaroids 

and euechinoids started to diversify, but it is really not until 180 million years ago in the 

early Jurassic that a major radiation in form got underway (Grunbaum et al., 1978). 

The Jurassic era saw the differentiation of most of the major lines of echinoid. Irregular 

echinoids appeared for the first time and rapidly specialized for deposit feeding, possibly 

triggered by ever rising levels of ocean productivity (Lawrence, 2001). According to 

Thyssen et al., (2005) echinoids generally become a major constituent of the shallow-water 

benthos from this time onwards. Thus support Rowley (1990) where cassiduloids 

dominated the Jurassic and Cretaceous shallow-water clastic settings, atelostomates 

diversified in more offshore settings.  

Continue in history, according to McClanahan and Kurtis (1991) in the Cretaceous heart 

urchins make their first appearance and thrived in the deeper water settings provided by 

chalk seas. The end Cretaceous extinction 65 million years ago had a major influence on 

the structure of echinoid communities and the Tertiary saw the rise to dominance of 
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clypeasteroids over cassiduloids, spatangoids over holasteroids, and camarodonts over 

stirodonts. Since that; sea urchins are more diverse today than they have ever been 

(McClanahan and Kurtis 1991). 

2.2 Importance 

2.21 Socio-economy 

Sea Urchins, as far as can be determined, are not yet being establish farmed. However, 

extensive research is being carried out in the United States, where most stocks have been 

severely over fished from Mississippi to Maine. As mentioned by Tamura et al., (2007) 

Farming opportunities are being investigated in Mississippi, Alabama and at the University 

of New Hampshire. Fisheries and Oceans Canada have been involved in sea urchin 

farming research with the company Sea Rancher Inc. The Indian Bay Development 

Association established a research facility in Wareham in 1995 to investigate the potential 

for farming sea urchins. The big market for sea urchin roe is Asia, particularly Japan 

(Alexander, 2008). 

 

2.22 Feeding ecology 

Echinometra has two basic feeding modes that vary with species and environment; (i) 

filtering algal drift and (ii) benthic grazing (Lawrence, 2001). Most probably individuals of 

all species use both modes any time. It is not always easy to discern the source of food for 

Echinometra, as guts are often full of masticated algae and sediment. Echinometra with 

little sediment in the gut are probably feeding on drift algae, but may be eating abundant 

fleshy algae in area with low sedimentation. Drift algae are likely to be dominant food in 

areas with abundant late successional algal communities while early-successional turf-
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forming algae are the likely main food in early successional algal communities (Lawrence, 

2001). 

 

2.23 Human Comsumption 

The gonads of the sea urchins have been eaten by humans since prehistoric times (Valari 

et al., 2010). According to Agatsuma, (2004)  in some tropical regions they are an 

important component of diet. In Japan and other countries they are considered as delicacy 

and they are harvested on a large scale in Chile or along the west cost of America. Those 

activities also had impact toward sea urchin density where according to (Mellins and 

Andrew, 1990) the stock has already greatly diminished and overfishing can radically 

change the ecosystem, as the grazing echinoids control the growth of the algae. 

Consequently aqua-culture of sea urchin has developed in recent years with the trend to 

rear specimens with more uniform and more attractively colored gonads (Levin et al., 

1999).  

2.3 Distribution and classification 

Diadema setosum is a widely-distributed species of sea urchin (Lessios, 1998). Its range 

stretches throughout the Indo-Pacific basin, longitudinally from the Red Sea and then 

eastward to the Australian coast. Latitudinally, the species can be found as far north as 

Japan and its range extends as south as the southern tip of the African east coast (Yokes, 

2006). Below is the scientific classification of the Diadema setosum based on Smith, 1984; 
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Kingdom: Animalia 

Phylum: Echinodermata 

Class: Echinoidea 

Subclass: Euechinoidea 

Order: Diadematoida 

Family: Diadematidae 

Genus: Diadema 

Species: Diadema setosum 

 

2.4 Current study on D.setosum 

According to Chen et al., (2010), sea urchins include, Diadema setosum inhabiting the 

coastal area of Hong Kong were collected and their gonadal biochemical compositions 

determined and compared for the first time.  

Regarding to the importance of sea urchin, studies been made indicates, the high levels of 

AA and EPA detected in these urchin species supported the development of aquaculture of 

these urchins in local area, since PUFAs are important for human nutrition (Lawrence, 

2007) 
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2.5 Mitocondrial DNA and 16S rRNA gene 

Mitochondrial DNA or mtDNA is the genetic material of mitochondria which is haploid 

and believed to be inherited maternally.  It contains genes that are essential for 

mitochondrial functions such as providing instructions for making enzymes involved in 

oxidative phosphorylation and providing instructions for making molecules such as 

transfer RNA (tRNA) and ribosomal RNA (rRNA).  According to Thyssen et al. (2005), 

mtDNA can be used as molecular markers as they have simple and uniformed organization 

of genome, lack recombination and have high rate of nucleotide substitutions.  Long and 

David (1980) and Levin et al. (1999) said that there are higher individual copy of number 

per cell of rRNA and mtDNA region compared to genomic DNA. 

In mitochondria DNA, there are genes such as 16S rRNA, 12S rRNA, Cytochrome 

Oxidase I, cytochrome b, and other genes (Encalada et al., 1996). According to 

Stackebrandt and Goebel, (1994) 16S rRNA known to recognition of its potential to 

determine the phylogenetic position of any prokaryotic organism, the role of 16s rRNA 

similarities in the present species.  

Since today the primary structure of 16S rRNA is easier to determine than hybridization 

between DNA strands, the strength of the sequence analysis is to recognize the level at 

which DNA pairing studies need to be performed, which certainly applies to similarities of 

97% and highers (Stackebrandt and Goebel, 1994). 
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2.6 Molecular study on D. setosum 

In molecular genetics, there are a number of genetic methods available (Lessios, 2003), as 

for the DNA extraction, several methods such as CTAB extraction method (Lession, 2003), 

phenol-chloroform method (used in this study based on Hillis et al., 1996). While for PCR 

protocol, few genes target to amplified such cytochrome c oxidase subunit I (Lessios, 

2000), cytochrome b (Lessios et al., 1998), and 16S rRNA (Jeffery et al., 2003). Thus 

futher study carried from sequencing of PCR products to alignment and phylogenetic 

analysis to construct phylogenetic trees.    
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3.0 Materials and Methods 

3.1 Study site 

The samples used in this study was collected from two sites in Sabah, namely Kudat and 

Lahad Datu. 

Figure 3.1: Map shows the study sites in Sabah 
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3.2 Sampling Methods and Sample Preparation 

For the sequencing of 16S rRNA of sea urchin, Diadema setosum, muscle and gonad 

tissue samples of the invertebrate was used. The samples used in this study were collected 

from Kudat and Lahad Datu. The samples were donated by other researchers that conduct 

study on density, tides and behaviour of sea urchin, Diadema setosum. Samples collected 

were stored in preservation of 5% EDTA and 70% ethanol upon collection and kept in 

temperature of -20°C until used. Samples collected were kept in small quantity of different 

tubes for storage thawed prior to use. 

 3.3 DNA Extraction of Muscle and Gonad Tissue Samples of Sea Urchin, Diadema 

setosum 

DNA extraction of the muscle and gonad tissue samples of sea urchin, Diadema setosum 

was carried out by using Phenol-Chloroform protocol (Hilis et al., 1996) and CTAB 

protocol (modified from Doyle and Doyle, 1987). 
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3.3.1 Phenol-Chloroform Extraction  

Total genomic DNA extraction of muscle and gonad tissue samples were carried out by 

using CTAB protocol suggested by Hillis et al., (1996).  The muscle and gonad tissue 

samples were minced into fine pieces and washed with sterile PBS buffer.  The minced 

samples were then transferred into 1.5 microcentrifuge tube before being added with 

500µL Lysis buffer (50mM Tris-buffer pH8, 0.1M EDTA, 0.5% SDS) and 48µL 

Proteinase K.  The samples were then incubated in a water bath of 55°C for approximately 

one hour.  After that, the samples were mixed with equal volume of Phenol: Chloroform 

and centrifuged at maximum speed or 12,000rpm for two minutes.  The upper aqueous 

phases containing genomic DNA were transferred into a new 1.5 microcentrifuge tube.  

Three molar (3M) of sodium Acetate with pH6 were then added at 1/10 volume and 1 

volume of absolute ethanol were added into the mixture.  The solutions were then mixed 

gently until a stringy DNA precipitate was seen.  DNA was pelleted through centrifugation 

at maximum speed for 30 seconds.  The pellets were subsequently washed with 800µL of 

70% ethanol and air-dried at room temperature for about 15 minutes.  The pellets were 

then resuspended in 50µL of sterile water. 
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Modified Phenol-Chloroform Protocol 

 

Sample is minced into fine pieces (wash with sterile PBS buffer) 

 

Transfer the minced tissue into a 1.5 microcentrifuge tube 

 

Add 500µL Lysis buffer (50mM Tris-buffer pH8, 0.1M EDTA, 0.5% SDS) and 48µL Proteinase 

K. 

 

Incubate in a water bath for 1 hour at 55°C 

 

Mix with equal volume of Phenol: Chloroform (550µL) 

 

Centrifuge at maximum speed (12,000rpm) for 2 minutes 

 

Transfer the upper aqueous phase containing genomic DNA into a new 1.5 microcentrifuge tube. 

The volume of the transferred aqueous phase should be noted 

 

 

Add 1/10 volume of 3M Sodium Acetate at pH6 and 1 volume of absolute ethanol to the tube 

 

Mix the solution gently until a stringy DNA precipitate is seen. Pellet the DNA by centrifugation 

at maximum speed for 30 seconds 

 

 

Wash the pellet with 800µL of 70% Ethanol and air-dry at room temperature for 15 minutes 

 

Resuspend pellet in 50µL of sterile water 

Figure 3.2: Flow chart of Phenol-Chloroform DNA extraction protocol (Hillis et al., 1999) 
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3.3.2 Modified CTAB protocol (Jeffery et al., 2003) 

Total genomic DNA extraction of tissue and blood samples were carried out by using 

modified CTAB protocol (Doyle and Doyle, 1987) suggested by Jeffery et al., (2003).  The 

tissue and blood samples were cut and minced.  2 x CTAB solutions were added to help in 

the lysis of the tissue.  The minced samples were then divided and transferred into 1.5mL 

Eppendorf tubes.  700µL of 2 x CTAB solutions was added together with 5µL of 

Proteinase K solution.  The samples were then incubated in water bath at temperature of 

60°C for about 1 to 3 hours.  After incubation, the samples were added with 700µL CIA, 

shaken for 2 minutes and centrifuged at 13,000rpm for 10 minutes under the temperature of 

4°C.  The upper aqueous phase was then transferred to a new Eppendorf tube.  Absolute 

ethanol was added in equal amount to the upper aqueous phase.  The samples were then 

stored in temperature of -20°C for 15 to 20 minutes.  The process was followed by 

centrifugation using centrifuge machine, Himac (CF 15RX- high speed microcentrifuge) at 

13,000rpm for 10 minutes under the temperature of 4°C.  Ethanol was poured out carefully 

and excess ethanol was pipette out.  500µL of cold 70% ethanol and 25µL of 3M NaCl 

were added next.  The sample mixtures were centrifuged for the final time at 13,000rpm 

for another 10 minutes at 4°C.  The supernatant and excess ethanol was removed.  The 

Eppendorf tubes containing pellets were air-dried.  Finally, the pellets were resuspended in 

50µL of distilled water.  The pellets dissolved in distilled water were stored under the 

temperature of -20°C for future use.  Gel electrophoresis was carried out to view the 

product of the DNA extraction. 
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DNA EXTRACTION PROTOCOL (CTAB PROTOCOL)  

Mince the sample and add CTAB solution 

Add 700µL of CTAB and 5µL of Proteinase K 

Incubate in water bath (60°C) for 1-3 hours 

Add 700µL CIA and shake for 2 minutes 

Centrifuge at 13,000rpm for 15 minutes, at 4°C 

Transfer the upper aqueous phase and add absolute ethanol (100% ethanol) 

Store at -20°C for 15- 30 minutes 

Centrifuge at 13,000rpm for 15 minutes, at 4°C 

Poor ethanol (EtOH) and remove access EtOH 

Add 500µL cold 70% EtOH and 25µL 3M NaCl 

Centrifuge at 13,000rpm for 15 minutes, at 4°C 

Pour supernatant and remove access EtOH 

Dry (air-dry) the pellet 

Resuspend pellet in 50µL distilled water 

Figure 3.3: Flow chart of CTAB DNA extraction protocol (Jeffery et al., 2003) 

 

 

 

 


