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Abstract. Toha AHA, Dailami M, Anwar S, Setiawan JB, Jentewo Y, Lapadi I, Sutanto S, Aryasari R, Ambariyanto, Runtuboi D, 

Madduppa H. 2020. The genetic relationships and Indo-Pacific connectivity of whale sharks (Rhincodon typus) with particular 

reference to mitochondrial COI gene sequences from Cendrawasih Bay, Papua, Indonesia. Biodiversitas 21: 2159-2171. Cenderawasih 

Bay, in the Birdhead Seascape of Papua, is a favorable habitat for whale sharks (Rhincodon typus). They are frequently sited in this large 

open Bay but little is known about their genetic characteristics and their connection to whale shark populations in other parts of the 

world. The study reported in this paper was conducted to characterize the nucleotide sequences of the COI gene fragment in whale 

sharks from Cenderawasih Bay, and to compare these with sequences held in GeneBank for the COI gene fragment obtained from 27 

whale sharks sampled around the Indian and Pacific Oceans. A total of 28 meat samples of whale shark in the Bay were collected by a 

biopsy punch attached to a pole spear. The DNA of the meat samples was extracted to obtain whole genomes which were then amplified 

and sequenced to identify nucleotides of the COI gene fragments of the mitochondrial DNA. The size determined for the COI gene 

fragment from all Cenderawasih Bay samples was 669 bp, consisting of A = 26.5%, T/U = 30.5%, C = 28.3%, dan G = 14.7%. In total, 

there were 41 cutting sites obtained for each of the 28 sequences, ranging in length from 5 to 7 bp. One COI single nucleotide 

polymorphism and two haplotypes were identified within the Cenderawasih Bay population. A single site substitution change from T to 

C was observed for both haplotypes. Overall, the haplotype diversity (Hd= 0.137) and nucleotide diversity (π=0.0002) were relatively 

low. Differences were detected in the nucleotide composition, number and arrangement in the COI sequences obtained from 

Cenderawasih Bay compared with the other Indo_Pacific COI gene fragment sequences deposited in GenBank. This study makes a 

contribution to our understanding of the molecular systematics, phylogeography, genetic differentiation and conservation genetics of the 

whale shark (R. typus). 

Keywords: Cenderawasih Bay, GenBank, haplotype, Papua, nucleotide  

INTRODUCTION 

Cenderawasih Bay is one of the hotspots for the 

sighting of whale sharks (Rhincodon typus) in Indonesia 

(Stewart 2011; Tania 2015; Suruan 2017). They are very 

frequently observed in this area (Stewart 2011; Hoeg-

Guldberg et al. 2009; Tania 2015; Suruan 2017). During 

monitoring of whale sharks in Cenderwasih Bay, 126 

sightings were recorded in the period February 2010 to 

April 2015 (Tania 2015) and 150 sightings in 2018 

(Bawole et al. 2018). The average size of sighted whale 

sharks in Cenderawasih Bay is 4.4±1.25 m (Tania 2015; 

Bawole et al. 2018; Toha et al. 2019). Immature and mostly 

male whale sharks are frequently observed in 

Cenderawasih Bay (Tania et al. 2013; Tania 2014a; Tania 

2014b; Bawole et al. 2018; Toha et al. 2019).  

Researchers investigating the global distribution of 

whale sharks have identified the cytochrome c oxidase 

subunit I, COI, gene fragment, in the mitochondrial DNA 

(mtDNA) as a particularly suitable marker for interspecific 

population genetic studies (Ward et al. 2005; Kerr et al. 

2009; Wong et al. 2009; Alam et al. 2014; Saleky et al. 

2016). Coding genes of the mtDNA, including the COI 

gene, are also usually used for phylogenetic studies 

(DeBoer et al. 2014a; Pranata et al. 2018a, 2018b). This 

gene has a rapid rate of mutation, which allows the 

discrimination of closely associated species (Hebert et al. 

2003b) and phylogeographic groups within a single species 
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(Wares and Cunningham 2001; DeBoer et al. 2014b). It is 

often used as a DNA barcode to identify animal species 

(Toha et al. 2015; Dailami et al. 2018) and other species 

(see Carpenter et al. 2011). 

Whale sharks have been a challenging subject for 

research not only in Cenderawasih Bay but also in other 

regions of the world (Rezzolla and Storai 2010). Research 

on whale sharks in Cenderawasih Bay has covered many 

aspects of their biology and ecological status (Tania and 

Noor 2014; Tania 2015; Anna 2016; Kunarso 2016; 

Marliana 2016; Prihadi 2016; Suruan 2017; Bawole et al. 

2018; Widiastuti et al. 2018), including genetic aspects 

(Toha et al. 2014, 2016). Although there has been an 

increase in global research over the past ten years, there has 

been little research on the genetic characteristics of whale 

sharks in the Cenderawasih Bay region. Yet, such research 

is important if we wish to gain a full understanding of the 

genetic diversity of this fascinating but vulnerable marine 

species (Fowler 2000; Pravin 2000; CITES 2002; Theberge 

and Dearden 2006; Pierce and Norman 2016). 

Unfortunately, except for Toha et al. (2016) who used the 

COI gene to analyze the genetic relationship of whale 

sharks, most genetic researchers of whale sharks have 

focused their attention on the control region (or mtDNA 

displacement loop) as a molecular marker, especially for 

population genetic studies (Castro et al. 2007; Ramírez-

Macías et al. 2007; Ahonen et al. 2009). Research using 

COI gene markers for whale sharks is limited. Until 

recently, genetic research on whale sharks using the COI 

gene markers amounted to only 27 sequences recorded in 

GenBank (https: //www.ncbi.nlm.nih.gov). For this reason, 

our study aimed to determine the characteristics of the COI 

mtDNA gene among whale sharks of Cendrawasih Bay 

waters and to compare these with the 27 available 

sequences deposited in GenBank. 

MATERIALS AND METHODS 

Sampling and data collection  

A total of 28 samples from Cenderwasih Bay whale 

sharks were processed in this study (Figure 1, Table 1). 

These comprised 18 newly collected tissue samples (with 

sample IDs: WS), together with 10 sequences from old 

samples (with sample IDs: HP) that had been collected 

from Cenderawasih Bay waters in a previous study (Toha 

et al. 2016). All skin tissue samples were collected with 

modified hog ear notch pliers and small biopsy tips, and all 

necessary national and local permits to do this were 

obtained. The samples were preserved in 96% ethanol and 

stored at 4°C in the laboratory until DNA isolation. A 

photo ID of each whale shark was used at the time of tissue 

sampling (Azourmanian et al. 2005) so that there was no 

repeat sampling of the same individual. In total, the data 

from 28 samples (with sample IDs: WS, whale shark, and 

HP, hiu paus=whale shark in Bahasa) were analyzed in this 

study. We also assembled the data from the 27 nucleotide 

sequences of whale shark from previous studies deposited 

in GenBank (https: //www.ncbi.nlm.nih.gov). The 27 

GenBank gene sequences for the COI mtDNA data for 

whale sharks (Rhincodon typus) were compiled from: https: 

//www.ncbi.nlm.nih.gov/nuccore/?term=coi+gene+of+Rhin

codon+typus+.

 

 
 

 
 

Figure 1. Research Locations in Cenderawasih Bay, West Papua, Indonesia. Sampling locations are shown as red circles. 
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Table 1. ID for 18 new whale shark samples from Cenderawasih Bay, with sampling locations (bagan names) and their 

 

Sample ID no. Bagan *names Latitude (S) Longitude (E) 

WS ID 137 Cahaya Nurul 03°12.472' 134°54.044' 

WS ID 078 Cahaya Nurul 03°12.472' 134°54.044' 

WS ID 138 Cahaya Nur Tasya 03°12.252' 134°55.416' 

WS ID 122 Cahaya Nur Tasya 03°12.252' 134°55.416' 

WS ID 069 Cahaya Pinrang 03°14.031' 135°02.096' 

WS ID 140 Cahaya Pinrang 03°14.031' 135°02.096' 

WS ID 141 Cahaya Pinrang 03°13.895' 135°02.076' 

WS ID 047 Cahaya Pinrang 03°13.895' 135°02.076' 

WS ID 132 Cahaya Madina 03°09.000' 134°54.635' 

WS ID 016 Buah Padi 03°08'20.4" 134°52'33.1" 

WS ID 043 Buah Padi 03°08'20.4" 134°52'33.1" 

WS ID 144 Cari Nafkah Indah 3˚09'16.5'' 134˚52'41.9'' 

WS ID 145 Cahaya Madina 3˚09'01.2'' 134˚54'31.9'' 

WS ID 146 Cahaya Madina 3˚09'01.2'' 134˚54'31.9'' 

WS ID 147 Buah Padi 3˚09'50.5'' 134˚54'31.7'' 

WS ID 148 Buah Padi 3˚09'50.5'' 134˚54'31.7'' 

WS ID 149 Buah Padi 3˚09'50.5'' 134˚54'31.7'' 

WS ID 150 KDI 1 3˚11'55.2'' 134˚59'17.6'' 

Note: * Bagan is a traditional set of fish traps made of light-mounted nets. 

 

 

Isolation, PCR, and sequencing 

The total genome of each whale shark meat sample was 

isolated using a Genomic DNA mini kit, supplied by 

Geneaid®. The manufacturer’s standard protocol was 

followed, and the resultant isolated genomic DNA was then 

amplified using the primer pair FISH-BCL: 5 '-

TCAACYAATCAYAAAGATATYGGCAC-3' and FISH-

BCH: 5'-TAAACTTCAGGGTGACCAAAAAATCA-3 ' 

(Baldwin et al. 2008). The master mix used for PCR was 

the "Go Taq Green PCR-Mix" product from Promega®. 

PCR was carried out using the master mix with a total 

reagent volume of 50 µL per reaction. The 50 µL of 

reagent consisted of 17 µL dd H2O (sterile, ultra-pure 

water), 2.5 µM FISH-BCL, 2.5 µL FISH-BCH (10 µM), 1 

µL DMSO, 25 µL Go Taq Green PCR Mix, and 2 µL 

template DNA. The PCR conditions were set as follows: 

the machine was heated at 80°C for 10 seconds, followed 

by pre-denaturation at 94°C for 3 minutes, 40 cycles of 

denaturation at 94°C for 30 seconds, annealing at 50°C for 

30 seconds and extension at 72°C for 45 seconds. The final 

extension was at 72°C for 5 minutes, followed by cooling 

down at 37°C. The quality of the PCR products was proven 

by electrophoresis using 1 % gel agarose in sodium borate 

buffer (pH 8.5). The DNA was stained by ethidium 

bromide and visualized using a UV transilluminator, then 

documented by a digital camera (Canon G15 series). The 

positive PCR products were sequenced by PT. Genetika 

Science Indonesia using the Sanger (dideoxy) method. 

Data analysis 

DNA barcodes for identification of whale shark species 

were determined by BLAST (Basic Local Alignment 

Search Tools). Bardcode DNA can also be constructed by 

the BOLD System (Barcode of life data system v4) 

method. Both methods of analysis use an approach that 

assesses homology between sequences obtained from the 

research samples with sequences of genetic data deposited 

in GenBank and BOLD System. The results of these two 

approaches are tabulated to show the identity 

corresponding to the research sample. Sequence source, 

length, and number for each sample was assessed online in 

GenBank using the deposited nucleotide sequences for the 

COI gene of Rhincodon typus, accessed at https: 

//www.ncbi.nlm.nih.gov/nuccore/?term=coi+gene+of+Rhin

codon+typus+.  

Genetic characteristics 

Genetic characteristics related to nucleotide 

composition, GC and AT ratios, R values, and mutations 

were analyzed using MEGA6. MEGA6 was also used to 

predict the net evolutionary differences between the 

population of Cenderawasih Bay whale sharks and other 

populations. The sequence diversity was assessed based on 

homogeneity tests and disparity index substitution patterns 

between sequences, using MEGA6 (Tamura et al. 2013). 

Sequence diversity was also analyzed to detect presence of 

polymorphic sites, number of haplotypes, nucleotide 

diversity, and diversity of haplotypes, using the DnaSP 

program (Librado and Rozas 2009). Cutting edges 

(restriction endonuclease cleavage sites) for sequences 

from the COI gene fragments were analyzed online at http: 

//www.restrictionmapper.org. 

Genetic connectivity 

Analysis of molecular variance (AMOVA) among 

sample sequences was calculated through 1000 

permutations. The statistical calculations were carried out 

using the software package Arlequin version 3.5 (Excoffier 

and Lischer 2010). Phylogenetic trees to reconstruct 

relationships between individual whale sharks and between 

populations were carried out based on the neighbor-joining 

method using MEGA6. Genetic distance measurements 

between individuals in the phylogenetic tree were also 

determined using MEGA6 (Tamura et al. 2013). 
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RESULTS AND DISCUSSION 

All the COI mtDNA sequence data for the whale sharks 

obtained in this study have been deposited in GenBank. 

The GenBank provided accession numbers for our 28 

nucleotide sequences, from MN759737 to MN759764. 

BLAST results for COI gene fragment sequences 

revealed strong similarity between individuals of the 

Cenderawasih Bay whale shark population, and supported 

the inference that all 28 individuals were from one species, 

Rhincodon typus. The BOLD System analysis showed the 

same results. All samples of Cenderawasih Bay whale 

sharks showed very high similarity (between 99-100%) 

with R. typus. This result is in accordance with expert 

opinion that whale sharks belong to only one species, R. typus.  

Genetic characteristics  

In GenBank, we were able to obtain only 27 whale 

shark COI sequences from other countries. The number of 

sequences (28) that we have obtained from Cenderawasih 

Bay exceeds the number (27) deposited in GenBank from 

other geographical locations. Table 2 presents a summary 

list of these sequences based on the country or region of the 

sourced samples. 

Overall, there are 55 COI gene fragment sequences, 

including the ones from Cenderawasih Bay. The whale 

shark in sequences from Cenderawasih Bay amount to 

50.9% of all existing sequences to date. All sequences of 

the COI gene fragments determined from Cenderawasih 

Bay whale sarks had a length of 669 base pairs (bp). 

Tracking the whale shark COI mtDNA COI data in the 

GenBank revealed that the recorded sequence lengths 

ranged from 514 to 705 bp (Table 3). 

A summary of the nucleotide composition and 

mutations characteristics for whale shark sequences from 

various locations including Cenderawasih Bay is presented 

in Table 4. 

The COI gene fragment sequences from Cenderawasih 

Bay had a transition/transversion (R) bias of 1180325.49. 

The nucleotide frequency was A (adenine base) = 26.5%, T 

/ U (thymine or uracil base) = 30.5%, C (cytosine base) = 

28.3%, and G (guanine base) = 14.7%. The nucleotide 

sequences for the COI gene fragments were identified 

using 29 restriction enzymes that differ in sequence, side 

length, type of cut, frequency and cutting side (Table 5). 

We identified 41 cutting sites in each sequence of the 

whale shark COI gene fragment. Cutting site lengths varied 

between 5 and 7 nucleotides. More than 29 restriction 

enzymes were identified that cut the sequence whale shark 

COI gene fragment. Of the 29 restriction enzymes, 19 (PsiI, 

ScaI, SspI, ApaLI, ApoI, BbvI, BclI, BseYI, EcoP15I, 

EcoRII, FauI, HindIII, SfaNI, SpeI, TatI, TseI, VspI, 

BSEMII, PstI) resulted in single cuts to the COI gene 

fragment sequence while 10 enzymes (XhoII, AloI, BsaXI, 

BseSI, BsrI, Hin41, MboII, SduI, TaqII, TspDTI) resulted 

in two or four cut positions. This study identified a 

polymorphism in the COI sequence among the 

Cenderawasih whale sharks at nucleotide position No. 284. 

The polymorphism occurs because of a substitution 

mutation from T to C (Table 6). 

This mutation is classified as a transition mutation 

because it arose from a change from one pyrimidine base to 

another pyrimidine base. Whale sharks from Cenderawasih 

Bay exhibit very little diversity in the COI nucleotide 

sequence. This study identified only two haplotypes in the 

COI gene fragments amongst the 28 whale shark samples. 

The first haplotype with a T (thymine) base at nucleotide 

284 was found in 26 individuals, while the second 

haplotype with a C (cytosine base) was found in only two 

individual whale sharks. This is summarised in the 

statistical analysis which showed the segregation number 

(S) = 1, diversity of haplotype (Hd)= 0.137, average 

number of differences between sequences (K)= 0.1376, and 

nucleotide diversity (Pi) = 0.00025. The analysis of the 27 

COI gene sequences derived from the GenBank also 

revealed low genetic diversity in the global whale shark 

population (Table 7). 

All sequences have been translated into amino acid 

sequences, and no stop codons have been found because 

the COI gene functions is a structural gene that encodes for 

the cytochrome oxidase I protein. In this study, the COI 

gene fragment was translated and produced 222 amino 

acids derived from 19 amino acid types (Figure 2). 

The only amino acid not coded for by this COI gene 

fragment is cysteine  (Cys). All samples had similar amino 

acid composition. 

Genetic connectivity 

The results of the AMOVA analysis showed that there 

was negligible difference in genetic variation among 

sequences of whale sharks within Cenderawasih Bay, and 

between sequences of whale sharks in Cenderawasih Bay 

and in the wider Indian and Pacific oceans. The 

homogeneity of the substitution pattern between the COI 

gene fragment sequences showed that all individuals are 

reflective of a similar evolutionary history. This was 

indicated by the negligible differences in basic composition 

bias between sample sequences, with a P-value less than 

0.05 significance (Table 8).  

There are no base differences per site from estimation 

of net average between populations of all sequences 

including with Cenderawasih Bay. A much higher value 

was found only between Pakistan and others. 

The phylogenetic tree showed that all the COI gene 

samples were clustered in two groups with negligible 

distance between clusters and between individuals within 

clusters. The combined phylogenetic analysis of COI gene 

sequences of all individual whale sharks from 

Cenderawasih Bay and from other parts of the Indo-Pacific 

represented in GenBank is presented in Figure 3. 

Haplotype network indicates that the whale shark is 

poorly divergent, and suggests that H2, H3, and H4 are 

derived from the H1 haplotype through a single mutation. 

H1 was closer to the H4, than H2 and H3.  

Across the 55 sequences in the combined data there was 

no distinctive structure identified among individuals in the 

phylogenetic tree. The genetic distance between individuals 

was very close (0.00-0.002).  
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Table 2. Sources of the whale shark COI nucleotide sequences deposited in GenBank. 

 

Location 
No. 

sequence 
Access code References 

Taiwan 6 NC_023455.1, FJ519250.1, FJ519251.1, 

FJ519252.1, KF679782.1, EU398993.1 

Alam et al. (2014), Wong et al. (2009), 

Ward et al. (2008) 

Seychelles 1 FJ519244.1 Wong et al. (2009) 

India 5 FJ456922.1, FJ375725.1, KF899632.1, 

KF899633.1, KF899634.1 

Gopalakrishnan et al. (2008), Rakhee et al. 

(2008), Bineesh et al. (2013) 

Pakistan 1 KP410325.1 Kanwal et al. (2015) 

Philippines 1 GU440502.1 Hastings and Burton (2010) 

South Africa  4 FJ519247.1, HQ945887.1, HQ945888.1, 

HQ945889.1 

Wong et al. (2009), Steinke et al. (2016) 

Australia 2 FJ519248.1, FJ519249.1 Wong et al. (2009) 

Mozambique 3 MF872726., FJ519245.1, FJ519246.1 Meekan et al. (2018), Wong et al. (2009) 

China 1 KC633221.1 Chen et al. (2014) 

United Arab Emirates 1 KM973184.1 Jabado et al. (2014) 

Bangladesh 1 MH842010.1 Das and Haque (2018) 

Peru 1 MH194467.1 Marin et al. (2018) 

Cenderawasih Bay, Indonesia 28 MN759737-MN759764 This study 

Total 55   

 

 
 

 

Table 3. Summary of COI nucleotide sequences deposited in GenBank; listing sequence length (bp), number of sequences, access codes 

and reference citations 

 

Sequence 

length (bp) 

No. 

sequence 
Access code References 

668 3 KF899633.1, KF899632.1, KF899634 Bineesh et al. (2013) 

652 13 EU398993.1, FJ519244.1, FJ519245.1, FJ519246.1, 

FJ519247.1, FJ519248.1, FJ519249.1, FJ519250.1, 

FJ519251.1, GU440502.1, HQ945887.1, HQ945888.1, 

HQ945889.1  

Ward et al. (2008), Wong et al. (2009), 

Hastings and Burton (2010), Steinke et al. 

(2016) 

705 1 KP410325.1  Kanwal et al. (2015) 

633 1 FJ519252.1 Wong et al. (2009) 

584 1 FJ456922.1 Gopalakrishnan et al. (2008) 

560 1 FJ375725.1 Rakhee et al. (2008) 

514 1 KM973184.1 Jabado et al. (2014) 

600 1 MH842010.1 Das and Haque (2018) 

674 1 MH194467.1 Marin et al. (2018) 

 

 

 

 
Table 4. Characteristic of whale shark sequences per location 

 

Characteristic/ 

location 

Sample 

number 
% C % T % A % G Tr Tv Ps Source sequences 

Cenderawasih Bay 28 28.3 30.5 26.5 14.7 1 0 1 This study 

Taiwan 4 28.3 30.5 26.5 14.7 0 0 0 Wong et al. (2009), Ward et al. (2008) 

Seychelles  1 28.3 30.5 26.5 14.7 0 0 0 Wong et al. (2009) 

India 5 28.6 30.1 26.5 14.7 5 1 6 Gopalakrishnan et al. (2008), Rakhee et al. 

(2008), Bineesh et al. (2013) 

Pakistan 1 15.4 26.8 29.8 27.9 0 0 0 Kanwal et al. (2015) 

Philippines 1 28.3 30.5 26.5 14.7 0 0 0 Hastings and Burton (2010) 

South Africa 4 28.3 30.5 26.5 14.7 0 0 0 Wong et al. (2009), Steinke et al. (2016) 

Australia 2 28.3 30.5 26.5 14.7 0 0 0 Wong et al. (2009) 

Mozambique 2 28.3 30.5 26.5 14.7 0 0 0 Wong et al. (2009) 

UAE 1 22.8 32.5 30.0 14.8 0 0 0 Jabado et al. (2014) 

Bangladesh 1 22.3 32.7 29.3 15.7 0 0 0 Das and Haque (2018) 

Peru 1 21.8 33.2 29.1 15.9 0 0 0 Marin et al. (2018) 

Note: Tr= Transition, Tv= Transversion, Ps= Polymorphic site 
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Table 5. Characteristics of the cutting edges of the whale shark COI gene sequence by restriction enzyme 

 

Name Sequence Site length Overhang Frequency Cut positions 

PsiI  TTATAA 6 Blunt 1 114 

ScaI  AGTACT 6 Blunt 1 555 

SspI  AATATT 6 Blunt 1 576 

ApaLI  GTGCAC 6 five_prime 1 216 

ApoI  RAATTY 6 five_prime 1 414 

BbvI  GCAGC 5 five_prime 1 572 

BclI  TGATCA 6 five_prime 1 103 

BseYI  CCCAGC 6 five_prime 1 311 

EcoP15I  CAGCAG 6 five_prime 1 591 

EcoRII  CCWGG 5 five_prime 1 82 

FauI  CCCGC 5 five_prime 1 361 

HindIII  AAGCTT 6 five_prime 1 253 

SfaNI  GCATC 5 five_prime 1 383 

SpeI  ACTAGT 6 five_prime 1 196 

TatI  WGTACW 6 five_prime 1 553 

TseI  GCWGC 5 five_prime 1 560 

VspI  ATTAAT 6 five_prime 1 459 

BseMI  CTCAG 5 three_prime 1 64 

PstI  CTGCAG 6 three_prime 1 301 

XhoII  RGATCY 6 five_prime 2 86, 631 

AloI  GAACNNNNNNTCC 7 three_prime 2 322, 354 

BsaXI  ACNNNNNCTCC 6 three_prime 2 363, 393 

BseSI  GKGCMC 6 three_prime 2 204, 220 

BsrI  ACTGG 5 three_prime 2 167, 551 

Hin4I  GAYNNNNNVTC 6 three_prime 2 621, 653 

MboII  GAAGA 5 three_prime 2 47, 142 

SduI  GDGCHC 6 three_prime 2 204, 220 

TaqII  GACCGA 6 three_prime 2 577, 603 

TspDTI  ATGAA 5 three_prime 4 264, 408, 433, 534 

 

 

Table 6. Mutations of the whale shark COI gene 

 

ID Sample 
No. nucleotide 

Haplotype 
284 

WS ID 016, WS ID 069, WS ID 078, WS ID 122, WS ID 132, WS ID 137, WS ID 138, WS ID 140, 

WS ID 141, WS ID 146, WS ID 147, WS ID 148, WS ID 149, WS ID 150, HP 1, HP 9, HP A5, HP 

NUS31, HP NUS 41, HP NUS 42, HP NUS 48, HP NUS 49, HP NUS 59, HP NUS 63, HP NUS 347, 

HP NUS 350 

T 1 

WS ID 047, HP NUS 355 C 2 

Mutation type Transition   

 

 
Table 7. Comparison of the genetic diversity between Cendrawasih Bay whale sharks and whale sharks from other parts of the Indo-

Pacific Region. 

 

Diversities/ 

location 

No. 

sample 

No. 

haplotype 

No. 

segregation 

sites 

Haplotype 

diversity (Hd) 

Nucleotide 

diversity (Pi) 

Average 

differences 

number, K 

Cenderawasih Bay 28 2 1 0.137 0.00025 0.13757 

Taiwan 6 1 0 0 0 0 

Seychelles  1 1 Na Na Na Na 

India 5 3 6 0.700 0.004 2.400 

Pakistan 1 1 Na Na Na Na 

Philippines 1 1 Na Na Na Na 

South Africa 4 1 0 0 0 0 

Australia 2 1 0 0 0 0 

Mozambique 3 1 0 0 0 0 

China 1 1 Na Na Na Na 

United Arab Emirates 1 1 Na Na Na Na 

Bangladesh 1 1 Na Na Na Na 

Peru 1 1 Na Na Na Na 

Note: na is not analyzed because there is only one sample 
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Figure 2. Relative amino acid composition of the protein coded by the COI gene fragment in the mitochondrial DNA of Cenderawasih 

Bay whale sharks 

  

 

 
 

Table 8. Estimates of net evolutionary differences between populations of whale sharks in the world 

 

Locations 1 2 3 4 5 6 7 8 9 10 11 12 13 

1. India 
 

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 78.95 0.00 0.00 

2. Seychelles 0.00 
 

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 78.96 0.00 0.00 

3. Mozambique 0.00 0.00 
 

0.00 0.00 0.00 0.00 0.00 0.00 0.00 78.96 0.00 0.00 

4. South_Africa 0.00 0.00 0.00 
 

0.00 0.00 0.00 0.00 0.00 0.00 78.96 0.00 0.00 

5. Australia 0.00 0.00 0.00 0.00 
 

0.00 0.00 0.00 0.00 0.00 78.96 0.00 0.00 

6. Philippines 0.00 0.00 0.00 0.00 0.00 
 

0.00 0.00 0.00 0.00 78.96 0.00 0.00 

7. CB-Indonesia 0.00 0.00 0.00 0.00 0.00 0.00 
 

0.00 0.00 0.00 78.96 0.00 0.00 

8. China 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
 

0.00 0.00 78.96 0.00 0.00 

9. Taiwan 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
 

0.00 78.96 0.00 0.00 

10. UAE 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
 

78.96 0.00 0.00 

11. Pakistan 8.38 8.38 8.38 8.38 8.38 8.38 8.38 8.38 8.38 8.38 
 

78.96 78.96 

12. Peru 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 8.38 
 

0.00 

13. Bangladesh 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 8.38 0.00 
 

Note: the number below the diagonal is the difference in the number of bases. While the number above diagonal is the approximate 

standard error obtained through the bootstrap procedure (1000 replication). The analysis involved 55 nucleotide sequences from various 

countries including Indonesia with samples of whale sharks from Cenderawasih Bay (CB-Indonesia). 
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Figure 3. Combined phylogenetic tree: a phylogenetic tree constructed using Tamura 3 parameters, maximum likelihood, and bootstrap 

testing with 1000 replications. All individual whale sharks from Cenderawasih Bay with IDs: WS and HP. 

 
 

 

 

Figure 4. Haptotype network of whale shark in the Indo-Pacific 

region including Cenderawasih Bay. Circles represent the type of 

haplotype with the colour denoting the population where it is 

found: Cenderawasih Bay= red, Mozambique = black, India = 

yellow, Taiwan = green, Seychelles = purple, Philippines = light 

blue, South Africa = brown, Australia = dark blue, China = light 

green, UAE= light brown, Pakistan = white. H1 was haplotype 1 

consist of ten populations of whale shark from Cenderawsih Bay, 

Mozambique, India, Taiwan, Seychelles, Philippines, South 

Africa, Australia, China, and UAE. H2 was haplotype 2 that 

found only in India. H3 was haplotype 3 that found only in 

Pakistan. H4 was haplotype 4 that consist of two populations from 

Cenderawasih Bay and India. The size of the circle accounting for 

its frequency. The lengths of the lines connecting the haplotypes 

refer the distance of relatedness with the numbered steps usually 

representing one bp change per step. Red rectangle (mv) = median 

vector that represents unsampled sequences or extinct ancestral 

sequences. 
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In total, there were four haplotypes identified in the 

Indo-Pacific whale shark namely H1, H2, H3, and H4. Two 

haplotypes (H1 and H4) are general haplotype that found 

on Cenderawasih Bay and other populations in Indo-Pacific 

such as Mozambique, India, Taiwan, Seychelles, 

Philippines, South Africa, Australia, China, and UAE. 

Whilst two other haplotypes (H2 and H3) were specific 

haplotypes that only found in one population at Pakistan 

and India respectively. The network of haplotypes between 

whale sharks in the Indo-Pacific including Cenderawasih 

Bay is shown in Figure 4. 

Discussion 

The CO1 gene is a mitochondrial gene that is widely 

used for resolution at species and genus level, perhaps best 

known as a hypothetical species identifier in the Barcode of 

Life Project (Hebert et al. 2003a,b). Identification using 

DNA barcodes is a genetic sequence based approach, based 

on standard gene regions. Moreover, DNA barcode 

reference records are supported by additional information 

networks, allowing barcode sequences to be reviewed 

independently (Ratnasingham and Hebert 2007). 

Identification of whale sharks using genetic information 

from individual animals can also be based on core DNA 

microsatellite markers (Palsboll et al. 1997). Another 

method for keeping track of individual animals is by photo 

identification (Karlsson et al. 2005). Previous reearchers 

(Tania 2015; Suruan 2017) have used photo identification 

to track individual whale sharks, and their results are 

consistent with those from the barcoding approach used in 

this study.  

All samples taken from whale sharks in Cenderawasih 

Bay were identified as coming from one species, namely 

Rhincodon typus (Smith 1828) with a percentage similarity 

of 99-100%. The number of sample sequences analyzed in 

this study were 28 sequences. This number exceeds the 

number of sequences (27) previously deposited in 

GenBank (https: //www.ncbi.nlm.nih.gov/nuccore). 

Generally speaking, genetic studies that specifically use 

COI markers of R. typus are still quite rare. The reason for 

the limited number of sequences deposited in GenBank is 

because of the small number of researchers studying whale 

sharks in global waters. 

Genetic characteristics 

The total length of the nucleotide sequences of the 

whale shark COI gene fragment in Cenderawasih Bay is 

different from the sequence length in previous studies. The 

average gene fragment analyzed was only 556 bp (Toha et 

al. 2016). In previously determined whale shark sequences 

from across the Indo-Pacific region deposited in GenBank, 

the length of the COI sequences (listed in Table 3) ranged 

from 514 to 705 bp (Ward et al. 2008, Wong et al. 2009, 

Hastings and Burton 2010, Bineesh et al. 2013; Steinke et 

al. 2016). The variation in the length of the gene fragment 

is mainly due to PCR primer differences and PCR 

amplicon concentrations. The mitochondrial DNA of whale 

sharks consists of a double-stranded ring structure 

consisting of 16,875 bp according to Alam et al. (2014) or 

16,928 pb according to Chen et al. (2014). The COI whale 

gene gene is one of the genes in this mitochondrial 

genome, within a gene fragment 1556 pb, in length, 

between nucleotides No. 5479 and 7035 (Alam et al. 2014). 

There are differences in the estimated number of 

nucleotide bases in the whale shark COI sequences 

sampled from different parts of the world (Table 3), 

especially between whale sharks from Pakistan (705 bp) 

and whale sharks from other countries (ranging from 514 to 

674 bp), including those from Cenderawasih Bay (669 bp). 

Toha (2016) report quite different results for Cenderwasih 

whale shark COI sequence lengths ranging from 382 to 731 

bp with a GC and AT content of 38.10% and 61.89%, 

respectively. In our study, the nucleotide composition of A, 

T, G, and C found in the COI gene fragments of whale 

sharks in Teluk Cenderawasih was similar to those 

determined for whale sharks from various other locations in 

the Indo-Pacific region. It appears that the G+C content of 

individual whale shark sequences in some countries is 

between 43.02 and 43.39 %, and the A+T content between 

56.61 and 56.98. This result is similar to our results for 

whale sharks in Cenderawasih Bay. The G+C content of all 

our samples averaged 43.05%, i.e. smaller than the average 

A+T content of 56.95%. Alam et al. (2014) found the 

percentage of GC content amounted to about 38% of the 

complete whale shark mitogenome (mitochondrial genome) 

but different results were reported by Castro et al. (2007) 

and Castro (2009) for the control region gene markers of 

the mitochondrial DNA.  

In this study we detected within the Cenderawasih Bay 

population only one polymorphism of the COI gene 

fragment, based on a single transition mutation. This 

contrasts markedly with the results of Mekan et al. (2008) 

who identified 55 polymorphic sides with 35 substitutions 

(32 transitions and 3 transversions) in the mtDNA control 

region marker (~1,000 bp). 

Nucleotide changes in the mtDNA COI gene in 

Cenderawasih Bay whale sharks are few and slow. 

Mutations accumulate at different rates under different 

selection pressures and migration rates. The very low level 

of accumulated genetic change in the COI gene fragment of 

Cenderawasih Bay whale sharks, suggest limited isolation 

of the Cenderawsih population from the global population 

and little selection pressure, leading to a very slow rates of 

evolutionary change.  

Low levels of mutation accumulation suggests that the 

Cenderawasih Bay whale sharks are able to migrate across 

the wider ocean for mating. High intermixing of the 

Cenderawasih Bay whale shark by migration to and from 

other regions is thus the likely cause of the low level of 

gene diversity in the Bay. Inter-population migration 

resulting in gene-flow between regions was also inferred by 

(Schmidt et al. 2009, 2010) based on the evidence from 

whole genome microsatellite data from whale 

sharkpopulations in the Indian, East Pacific and the 

Carribean regions.  

According to Simon (1991), the CO1 gene is one of the 

mtDNA genes that evolved most recently. The COI gene is 

reported to have a potential for a low mutation rate 

compared to the cytochrome b gene (da Fonseca et al. 

2008). Mitochondrial DNA is normally inherited 
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exclusively from the mother (female lineage) and has a 

relatively higher mutation rate than nuclear DNA (in the 

nucleus) (Solihin 1994). The structure of the COI sequence 

of whale sharks has no gaps, insertions or deletions and 

does not have a stop codon. This shows that this sequence 

is a structural gene (Toha 2011). The whale shark's COI 

gene is located between the tRNA gene (bp No. 5408 to bp 

5477) for the amino acid Tyrosine (tRNA-Tyr) and the 

tRNA gene (bp No. 7039 to pp7109) for the amino acid 

Serine (tRNA-Ser) (Alam et al. 2013). This gene encodes 

unit I cytochrome oxidase protein which plays a role in the 

electron transfer process in ATP synthesis in mitochondria. 

The CO1 gene is the most conservative protein coding gene 

in mtDNA (Brown 1985). Well-conserved genes can be 

used as a basis for tracking common origins, whereas non-

conserved genes, which are rapidly evolving genes, are 

more useful in comparing new strains. 

Type II restriction enzymes cut the COI shark whale 

gene fragments in to various short nucleotide sequences. 

Type II endonucleases recognize specific DNA sequences 

and cut gene fragments at specific locations inside or 

adjacent to the recognition site to produce 5-phosphate and 

3-hydroxyl ends (Halford 2001, Pingoud and Jeltsch 2001, 

Roberts et al. 2003). Restriction enzymes are an essential 

tool in determining nucleotide sequences for a wide variety 

of research purposes. For example, Mendonza et al. (2009) 

used the technique of PCR-RFLP (polymerase chain 

reaction restriction fragment length polymorphisms) to 

distinguish between the shark species Rhizoprionodon 

lalandii and R. porosus (Elasmobranchii, Carcharhinidae). 

The RFLPs are identified by differences in the distances 

travelled by the restriction fragments in gel electrophoresis. 

This molecular technique is used for DNA fingerprint 

identification (Toha 2001, 2011). 

The genetic diversity (nucleotides ) of Cenderawasih 

Bay whale sharks detected in our study was relatively low. 

Based on such lack of genetic differentiation, Meekan et al. 

(2017) proposed a single panmictic metapopulation for the 

species as a whole with “limited genetic structuring across 

the species range”, but like Vignaud et al. (2014), they also 

found some evidence of “the presence of a genetically 

unique and potentially isolated population in the Atlantic 

Ocean”.  

 This study only identified two haplotypes from all 28 

whale sharkes sampled in Cenderawasih Bay. The first 

haplotype bore100% similarity with sequences from other 

Indo-Pacific locations deposited in GenBank, while 

haplotype 2 had 99% similarity with a whale shark 

accession number FJ376726.1 (from India). All samples 

had the same sequence except samples with numbers 

WS_ID-047 and HP-NUS-355. Overall, the Indo-Pacific 

whale shark COI markers deposited in GenBank including 

Cenderawasih Bay whale shark only have four haplotypes 

(Figure 4).  

Different findings were reported by Castro et al. (2007) 

who based their genetic analysis on sequences in the 

mitochondrial DNA control region. They identified 44 

haplotypes among 70 samples of R. typus from around the 

world. Likewise, Ramírez-Macías et al. (2007) observed 14 

haplotypes for the mtDNA control region among 36 

individual whale sharks in the Gulf of California, Mexico. 

Importantly, our own result is also much lower than the 

findings of Toha et al. (2016) who observed 7 haplotypes 

of the COI gene marker in 31 individual whale sharks from 

Cenderawasih Bay. These different findings are a result of 

differences in the particular gene marker investigated and 

the length of the sequences analyzed by the researchers. 

Genetic connectivity 

The AMOVA analysis revealed no significant 

clustering of the genetic variation among the GenBank 

sequences from the Indian and Pacific Ocean locations 

(including our’s from Cenderawasih Bay), other than a 

single outlier-the one sequence from Pakistan (which 

requires explanation). Very little overall variation (only 

2.45%) was observed in the GenBank COI sequences. The 

population from Cenderawasih Bay contributed negligible 

variation to the total. 

According to Sakai et al. (2001) genetic diversity 

determines the capacity of populations to adapt to new 

environmental conditions. Genetic diversity also plays an 

important role in determining their potential to be invasive 

(Drake and Lodge 2006; Lavergne and Molofsky, 2007). 

Populations with low genetic diversity are more vulnerable 

to new pests or diseases, pollution, climate change and 

habitat destruction from human activities or other disasters. 

The inability to adapt to changing conditions can increase 

the risk of extinction. A population with high genetic 

diversity has a greater chance to survive or excel. If genetic 

diversity is very low, there are no individuals in the 

population to adjust to the new environmental conditions. 

The population can become extinct. 

The results of our study indicate that the Cenderawasih 

Bay whale sharks and whale sharks from other waters in 

the Indo-Pacific region have a very close genetic 

relationship. It is assumed that all members of the species 

originate from a common ancestral population. 

According to Schmidt (2014) genetic analysis based on 

mtDNA sequences support the inference of widespread 

migration of whale sharks across the tropical oceans of the 

world. Satellite tracking data has also revealed that 

migration of the Cenderawasih Bay whale sharks is quite 

extensive (Stewart 2011). Tracking satellites from other 

regions also show that the migration of whale sharks is 

wide, with a global reach (Norman 2005), and support the 

findings of gene flow between populations (Castro et al. 

2007). 

This study supports the inference that Cenderawasih 

Bay whale sharks have a close genetic relationship with 

Indo-Pacific whale sharks as a whole. Based on COI 

haplotype distribution, there is no evidence of partioning of 

the whale shark population within Cendrawasih Bay or 

between whale sharks in the Bay and other locations in the 

Indo-Pacific (Toha et al. 2016). According to Kennedy 

(1998) if two organisms are closely related, the DNA will 

be very similar. In this study it appears that there is a very 

close relationship between individual whale sharks of 

Cenderawasih Bay, indicating kinship based on common 

ancestors.  
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The evolutionary relationship between the 

Cenderawasih Bay whale sharks and the Indo-Pacific as a 

whole appears to be very close, despite the wide 

geographic distances that separate the sampling locations 

represented in GenBank. This shows that there is a history 

of gene flow between populations (Schmidt et al. 2009). 

This result is supported by a combination of research 

approaches related to the global migration of whale sharks 

(see Sequeira et al. 2013). Nevertheless, there is some 

suggestion in the GenBank COI sequences of incipient 

evolutionary partitioning between Indian and Pakistani 

whale sharks and the rest of the Indo-Pacific population 

based on the apparent number of mutations in those 

locations (see Tables 7 and 8 and Figure 4) . This requires 

further investigation.  

Cenderawasih Bay in West Papua/ Papua is a very 

favourable environment for the whale shark (Rhincodon 

typus). Although the evidence from this and other studies 

(eg. Toha 2016) suggests that the whale sharks in the Bay 

are not genetically distinct from those in other parts of the 

Indo-Pacific distribution, the population in Cenderawasih 

Bay is dominated by young males with a a body size 

between 3-6 meters (Himawan et al. 2015). This indicates 

that Cenderawasih Bay is an important habitat for whale 

sharks approaching breeding age ,and that it is is therefore 

vital to protect their populations in this unique and 

beautiful part of the world’s oceans. 
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