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The molecular phylogenetic trees of 42 representative samples of Malaysian pangasiid
were constructed using cytochrome ¢ oxidase subunit I (COI). The topologies resulting
from molecular analyses, Maximum Parsimony, Maximum Likelihood, and Bayesian
Inference, revealed the paraphyly of Pangasius genus and monophyly of P. nasutus, P.
bocourti, P. micronemus, and P. hypopthalmus with high support values. The results clearly
showed that COI gene can be used to isolate the native species of Malaysian pangasiids,
including P. nasutus, P. micronemus, P. boconrti and H. waandersii from P. hypopthalmus that has
been introduced from Thailand.
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INTRODUCTION

Pangasiidae is a large family of tropical freshwater catfishes found throughout South and Southeast
Asia. Since the groups were established as Pangasiini Bleeker, 1858; its content and classification
have been greatly changed. Family Pangasiidae has a good potential for aquaculture and high values
as flesh food at market in Malaysia. Morphologically, family Pangasiidae is recognized by a laterally
compressed body, having two pairs of barbels, a short dorsal fin with two spines, a developed
adipose fin, a long anal fin, and a strong pectoral spine (Gustiano, 2009).

In family Pangasiidae 5 genera, 30 species have been identified (Ferraris, 2007). According to
Roberts and Vidthayanon (1991) 11 species are found in Thailand, 10 in Indonesia, 3 in Peninsular
Malaysia and 4 species endemic to the Borneo Island. Most of the species in the Pangasiidae family
are freshwater fishes. Five species also occur in brackish water: P. pangasius (Hamilton 1822), P.
krempfi (Fang and Chaux 1949), P. gunyit (Pouyaud et al. 1999), P. sababensis (Gustiano et al. 2003),
and P. mekongensis (Gustiano et al. 2003).

In a recent overview of Siluriform systematic, two genera are described for pangasiid by Teugel
(2003), Helicophagus and Pangasius, each with 3 and 25 species, respectively (Diogo, 2007). Roberts
and Vidthayanon (1991) in a systematic revision of Pangasiidae, recognized two genera: Helicophagus
Bleeker, 1858 with two species and Pangasius Valenciennes, 1840 with 19 valid species. In a recent
revision, Helicophagns genus has three species, namely H. leptorhynchus, H. typus and H. waandersii
(Ferraris, 2007). H. waandersii is categorized as rare and endangered species in Malaysia (Murkherjee,

2001).
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Following Vidthayanon and Roongthongbaisuree (1993), Pangasins can be divided in four
subgenera:(1) Pangasins (Neopangasins) including four species, endemic to Borneo:, P. humeralis
Roberts, 1989, P. kinabatanganensis Roberts and Vidthayanon, 1991, P. /ithostoma Roberts, 1989 and P.
nienwenhuisii Popta, 1904 subgener (2) Pangasius (Pteropangasins) Fowler, 1937 including P. plenrotaenia
Sauvage, 1878 and P. wicronema Bleeker, 1847 subgener (3) Pangasins (Pangasianodon) Chevey, 1930
including P. gigas Chevey, 1930 and P. hypophthalmus (Sauvage, 1878), and finaly the fourth subgenera
(4) Pangasius (Pangasius) Valenciennes, 1840, for which no diagnostic features are given and including
all remaining species in Pangasins genus.

Helicophagus waandersii has a posterior nostril which located at the midway between the anterior
nostril and eye. The eyes are located at the corner of the mouth and only vomerine teeth are present
(Gustiano et al., 2000).

Pangasius nasutus has a sharp prominent snout. The tooth of upper jaw of this species is entirely
exposed when the mouth is closed, which distinguishes P. nasutus from other species of Pangasius
(Gustiano et al., 2000). Pangasius micronemus has vomero-palatine teeth in 4 more or less ovoid
patches. It has large eyes and the snout is truncate (Kottelat et al., 1993). Beside that P. bocourti has
truncate or rounded head and blunt rounded snout with a broad white band on muzzle (Robert and
Vidthayanon, 1991).

Pangasius hypopthalmus has dark grey or black fins with 6 branched dorsal-fin rays. This species has a
head relatively small and dark stripe on the middle of anal fin. They also have small gill rakers
regularly interspersed with larger ones (Rainboth, 1996).

The name of Helicophagus hypophthalmus was first used by Kottelat (1984) and Burgess (1989), but
later some researchers have used other generic names for species, such as Pangasianodon hypophthalnius
and Pangasius hypophthalmus (Roberts and Vidthayanon, 1991; Pouyaud et al.,, 1999; Pouyaud and
Teugels, 2000; Hogan et al., 2004; Gustiano, 2003; Ferraris, 2007), not all of them have been
generally accepted.

A locally known “Patir, is a large spiny fish. The size of these genera needs to be explained in terms
of systematic. Adult fish is from 20 cm to 3 meters, but most are size 50 cm and more (Haslawati,
2004).

There are several hybrid Pangasius species such as Patin Mas (Hybrid species between Pangasius sutchi
and P. nasutus), Patin Kemboja and Patin Buah Kemboja found in Sungai Pahang (Haslawati, 2004).
These local cage cultured species breed with the wild Pangasius like a P. nasutus in the Sungai Pahang
and produced suspected hybrid species. Some villagers also call the same species with different local
name like P. bocourti as a Patin Kemboja, and Patin Lawang. Hence, it is crucial to know the
phylogenetic relationships among species of the family Pangasiidae.

Considerable confusions have arisen in the systematics of this catfish group. Most of the previous
studies described species without consulting existing type specimens. Neatly all authors have
problems recognizing juveniles of the larger species, and junior synonyms are often based on small
sized specimens (Gustiano, 2009). Available information on the phylogeny of the family of
Pangasiidae is scarce (So et al., 2006) and some species of the family Pangasiidac have similar
morphological features, such as P. bocourti with P. nasutus.The previous finding by Rainboth (1996)
stated that there was misidentification on P. bocourti and P. nasutus. Study of Gustiano et al (20006)
using biometric measurements enabled to distinguish four genera with seven species exist in four
main river in Sumatra but the classification was solely based on morphology without any molecular
evidence.



MOLECULAR PHYLOGENY OF MALAYSIAN PANGASIID 19

Molecular phylogeny performed by Pouyaud et al. (2000) provided support for the recognition of
some Pangasius subgenera and, or species groups as distinct genera based on allozymes and
mitochondrial DNA except for P. (Neopangasius), which is polyphyletic and suggested to be included
in P. (Pangasius).

Molecular identification is considered important especially when there are morphologically similar or
misidentified species (Marko et al., 2005). The mitochondrial genome is transmitted (primarily)
maternally (Gyllensten et al., 1991) and mtDNA is haploid and clonally inherited with no
recombination. In particular, the mitochondrial gene cytochrome-¢ oxidase subunit I (COI) can serve
as a uniform target gene for a bio- identification system (Persis et al., 2009). Application of COI has
proved to provide valuable information for species identification to complete the taxonomic data
and global validation of systemic position, phylogeny (Khan et al., 2000). In the present study COI
gene was used to give a clear picture of the phylogenetic relationships among different species of
pangasiids found in Malaysia and examine the phylogenetic relationships among local species of the
family Pangasiidae.

FIGURE 1. Map shows locality of collected samples of selected pangasiids in Peninsular Malaysia.

MATERIAL AND METHODS

A total of 42 samples of Pangasiidae were collected from three parts of Peninsular Malaysia, namely
Pahang, Perak and Selangor (Fig. 1). Sungai Pahang is the longest river in peninsular Malaysia and
has a diversity of wildlife, including pangasiid species compare to other area. The samples belong to
different pangasiid species, namely Pangasins hypopthalpus (Pangasianodon hypopthalmus), Pangasins
nasutus, Pangasins boconrti, Pangasius micronemus and Helicophagus waandersii. The sample size (n) and
location of selected samples are shown in Table 1. Samples of muscle tissues were amplified with
primers  COIf, 5-CCTGCAGGAGGAGGAGAYCC-3' and (COle 5-CCAGAGATTA
GAGGGAATCAGTG-3', previously described by Palumbi et al. (1991) and Esa et al (2008). The
final concentration of 20ul. PCR reaction containing 2.0uL. of extracted DNA (£50ng/ul), 1.4uL
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Mgcl2 (1.5mm), 4.0ul. (1x) PCR buffer, 0.4ul. ANTP (200uM), 0.4uL. Taq DNA polymerase (2 Unit)
(Promega), 0.08uL. for forward and reverse primers, and 11.4ul. water. PCR profile was performed
with predenaturation at 95°C for 3 min, followed by 35 cycles at 95°C for 40 Sec, 45°C for 30sec
and 72°C for 1 min (Nadiatul et al., 2012).The sequences were deposited in GeneBank under
accession numbers (HQ641125- HQ641166) (Table 2).

The COI sequences were aligned using BioEdit7.0.5 (Hall, 1999) and checked by eye for the
presence of stop codons or insertions/deletions that would have disrupted the reading frame (Alaie
Kakhk and Aliabadian, 2012) .

The 42 nucleotide sequences were subjected to phylogenetic analyses by Maximum parsimony (MP),
and Maximum likelihood (ML) using the PAUP 4.0b10 program (Swofford, 2001). To test the
robustness of the nodes we ran 500 and 2000 bootstrap replicates under ML and MP, respectively,
with a single random addition sequence replicate per bootstrap replicate (Dyanat et al., 2010). The
aligned sequences were also used to estimate Bayesian inference (BI) using MrBayes 3.1 (Ronquist
and Huelsenbeck, 2003). The Markov Chain Monte Carlo (MCMC) process was set to 4 X 10°
generations with trees being sampled every 1000 generations.

To assess the nodal support for each branch, 100 and 1000 bootstrap replicates with parameters
estimated automatically were run under ML and MP, respectively . Evaluation of the data for
appropriate models for BI and ML analyses was done using the Akaike Information Criterion
(Akaike, 1973) as implemented in the ModelTest 3.7 (Posada and Crandall, 1998); the best model for
the data was GTR+C+I. The nucleotide and haplotype diversity indices implemented in the DNaSP
(ver. 4.0) program (Rozas et al., 2003).

The Kimura-2 parameter (K2P) distance was used to calculate the genetic distances and to quantify
sequence divergences between individuals (Kimura, 1980).
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FIGURE 2. Partial sequences of mitochondrial COI for pangasiids haplotypes.

TABLE 1. Sample size and total length of pangasiid samples collected from various locations in

Malaysia.
Code Local name Scientific name Mean and SD of Number Location
TL (cm) of
sample(n)
PNR Patin Buah Pangasins nasutus 41.80 £ 29 10 Rawang, Selangor.
PNP Patin Buah Pangasins nasutus 33.00 + 3.4770 8 Sungai Pahang.
PHKK Patin Hitam Pangasius hypopthalmuns 28.65 29 10 Kuala kangsar,
Perak.
PHR Patin Hitam Pangasius hypopthalmus 29.8 £ 1.0723 10 Rawang, Selangor.
PB Patin Lawang  Pangasius bocourti 640 1 Sungai Pahang.
PM Patin Juara Pangasins micronemus 37+1 2 Sungai Pahang.
HW Patin Muncung  Helicophagus waandersii 4710 1 Sungai Pahang.
NC 003489 Ictalurus punctatus(outgroup) 1
AF482987 Lctalurus punctatus(outgroup) 1
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Note: AF482987 and NC 003489 were used as an Outgroup for COI, TL - Total length, SD - Standard deviation, n = sample size The
location for collected samples of selected pangasiids Abbreviations: A = Kuala Kangsar, Perak (n = 10, PHKK — Pangasins
hypopthalmus), B = Rawang, Selangor (n = 10, PHR — Pangasius hypopthalmns and n = 10, PNR — Pangasius nasutus), C = Pahang (n = 1,
HW - Helicophagus waandersii, n = 1, PB — Pangasins boconrti, n = 2, PM — Pangasins micronemus and n = 8, PNP — Pangasius nasutus), n =
sample size.

TABLE 2. Pangasiidae species, samples code and GeneBank accession numbers used in this study.

Species Code Accession numbers
Pangasins boconrti PB HQ641125
Pangasius micronenmuns PM1 HQG641166
Pangasius micronemus PM2 HQo641126
Helicophagus waandersii HW HQo641127
Pangasins hypopthalmus PHKKI1 HQG641128
Pangasins hypopthalmns PHKK?2 HQ641129
Pangasins bypopthalmns PHKK3 HQ641130
Pangasins hypopthalpns PHKK4 HQ641131
Pangasius hypopthalmns PHKKS5 HQ0641132
Pangasins bypopthalmns PHKKG6 HQ0641133
Pangasins hypopthalmns PHKK7 HQG641134
Pangasins bypopthalmns PHKKS HQo641135
Pangasins bypopthalmns PHKK9 HQO0641136
Pangasins hypopthalmns PHKK10 HQG641137
Pangasius hypopthalmuns PHR1 HQ0641156
Pangasins bypopthalmns PHR2 HQ0641157
Pangasins hypopthalmns PHR3 HQ0641158
Pangasins bypopthalmns PHR4 HQ641159
Pangasins bypopthalmns PHR5 HQ641160
Pangasins hypopthalns PHRG6 HQo641161
Pangasius hypopthalmus PHR7 HQ0641162
Pangasins bypopthalmns PHRS HQ0641163
Pangasins hypopthalmns PHR9 HQo641164
Pangasins hypopthalmns PHR10 HQ0641165
Pangasins nasutns PM1 HQ0641138
Pangasins nasutns PM2 HQ0641139
Pangasins nasutus PNP3 HQ641140
Pangasins nasutus PNP4 HQo641141
Pangasins nasutus PNP5 HQG641142
Pangasins nasutns PNP6 HQ641143
Pangasins nasutns PNP7 HQG641144
Pangasins nasutus PNP8 HQ0641145
Pangasins nasutus PNR1 HQo641146
Pangasins nasutus PNR2 HQo641147
Pangasins nasutus PNR3 HQG641148
Pangasins nasutus PNR4 HQ641149
Pangasins nasutns PNR5 HQG641150
Pangasins nasutns PNRG6 HQo641151
Pangasins nasutns PNR7 HQ641152
Pangasius nasutus PNRS HQ0641153
Pangasins nasutus PNR9 HQOG641154

Pangasins nasutns PNR10 HQ641155
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TABLE 3. Haplotype distribution of each sequence of COL

Haplotype n Sequences PP PN PM PB HW O0OG
COI 1 1 PB \
COIL 2 2 PM1,PM2 v
COIL 3 1 HW \
COI 4 3 PHKK1,PHKK6,PHKK9 N
CcOlL 5 7 PHKK2,PHKK4,PHKKS5,PHKK7PHK
K8,PHKK10,PHKK3
COI 6 1 PHKK3 N
CcolL_7 7 PNP1,PNP3,PNP4,PNP5,PNP6,PNP7,P v
NP8
COI 8 1 PNP2 \
COIL 9 10 PNR1,PNR2,PNR3,PNR4,PNR4,PNR5, \

PNRG6,PNR7,PNRS,PNR9,PNR10

COIL_10 4 PHR1,PHR2,PHR7,PHR10 Y
COI_11 1 PHR4 \
COI_12 4 PHR5,PHR6,PHR8,PHR9 v
COIL_13 2 AF 482987- Ictalurnspunctatns N

NC 003489- Ictalurus punctatus

Note: PH = P. hypopthalmus, PN = P. nasutus, PM = P. micronemns, PB = P.boconrti, HW = H. waandersii, OG = Outgroup, n = sample
size.

TABLE 4. Intraspecific pair-wise distances of mitochondrial COI gene based on Kimura 2 parameter
methods.

Species K2P%
P. bocourti(PB) 0.000
P. micronemus(PM) 0.001
P. nasutus(PN) 0.000
P. hypopthalpins(PH) 0.002
H. waandersii( HW) 0.000

TABLE 5. Interspecific pair-wise distances of mitochondrial COI gene based on Kimura 2 parameter
methods.

Species PB PM PN PP HW P
P. bocourti (PB) -

P. micronemus (PM) 0.114 -

P. nasutus (PN) 0.100 0.088 -

P. hypopthalmus (PP) 0.126 0.121 0.122 -

H. waandersii HW) 0.099 0.105 0.083 0.128 -

Ictalurus punctatus (IP) 0.193 0.170 0.174 0.165 0.164 -
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RESULTS

The characteristics of COI dataset of pangasiids

A total of 462 bp of the mtDNA COI gene was successfully sequenced. Out of 462 nucleotide sites,
116 were variable sites, 346 bp conserved sites and 103 bp parsimony informative sites. Ietalurus
punctatus was used as outgroup. Method Base composition in these sequences contained low G
(mean: 18.2%) and almost equal T, C and A (mean: 32.3%, 21.9% and 27.7%, respectively). It is due
to the low average content of G in the third codon position at 3.9%. In the second codon, the mean
for G (16.2%) was lower than A (16.9%), T (43.5%) and C (23.3%). In the first codon, the mean for
G (34.4%) was higher than A, T and C (mean: 26.0%, 23.7% and 15.9% respectively).

The highest rates of different transition substitution occurred between thymine and cytosine with a
frequency of 50.98% and the transversion frequency was almost the same for all bases. The
translation/transversion bias for the 42 individuals computed by MEGA 4.0 was R=5.089. This
showed that the occurrence transition was much higher at least 5 fold than the occurrence of
transversion events.

Haplotype distribution and genetic distance using COIJ

In total, 12 haplotypes were identified from 42 samples of pangasiids in which 5 unique (singleton)
haplotypes namely (COI_1, COI_3, COI_6, COI_8 and COI_11) were found. (Table 3 and Fig. 2).
The haplotype diversity (HD) was 0.8901. The nucleotide diversity (Pi) for the COI sequences was
0.07237. In general, intraspecific K2P distances ranged from 0 to 0.2% (Table 4) and interspecific
K2P distances for COI gene ranged from 8.3 to 12.8 % (Table 5). The highest genetic distance
occurred between P. bocourti and H. waandersii (0. 128) and the closest genetic distance was between
P. nasutus and H. waandersiz (0.083)..,

Phylogenetic relationships among pangasiids using COIJ

Based on MP, BI and ML almost similar trees were produced. The populations were divided into 2
major clades (Fig. 3). The first clade consisted of P. nasutus, H. waandersii, P. bocourti and P. micronemuns
while the second clade included P. hypopthalnius.

In all constructed trees, the first clade was further divided into 2 subclades, in which P. nasutus, P.
bocourti and H. waandersii placed in the first subclade while P. mwicronemus formed the second subclade.
All produced tree with different methods were supported with high bootstrap values of >85%. The
first clade from MP, ML and BI tree analyses was supported by 85%, 99% bootstraps and 100%
posterior probability and the second clade were supported by 100%, 99% % bootstraps and 100%
posterior probability respectively (Fig. 3).

DiscussioN

The results of nucleotide composition exhibit anti-G (Guanine) bias for COI gene, because of the
value of G was lower (mean: 18.2%) than other bases. Out of 462 bp segments, 116 (25.1%)
nucleotide positions were variable sites. Most variable sites (107, 92.24% of the total variable sites)
were found at the third codon position. Seven (6.9%) were found at the first codon position and one
(0.9%) was the second codon position. This was similar to the findings by Steinke et al. (2009) that
worked on the family Liparidae from Canadian Pacific waters with the nucleotide frequency for G
that was 18.45% (lower than other bases).
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FIGURE 3. Bayesian consensus tree resulting from analysis data of partial COI gene among 5 species
of pangasiids. Values at nodes indicate posterior probability, maximum likelihood bootstrap and
patsimony bootstrap (all >0.50/50%); * denote postetior probability or bootstrap value of
1.00/100%. Abbreviations: PNP — Pangasius nasutus, Maran Pahang, PNR — Pangasius nasutus, Rawang
Selangor, HW — Helicophagus waandersiz, Pahang, PB-Pangasius boconrti, Pahang, PM — Pangasius
micronemus, Pahang, PHR — Pangasiuns hypopthalmus, Rawang Selangor, PHKIK — Pangasius hypopthalnius,
Kuala Kangsar, Perak.

The values of variable and parsimony informative sites for COI were 92.24% and 75.45%.
According to Ward et al. (2007) this characteristic are valuable to be used for DNA barcoding. In
addition, the strong bias in the base composition is a feature typical of the COI and of other
mitochondprial protein-coding genes (Brown, 1985; Irwin et al., 1991).

The nucleotide substitution of COI showed that the occurrence of transition was fivefold higher
than transverse with the R value of 5.089. In mitochondrial DNA always showed transition
dominant over tranversion. According to Ward et al. (2005), for bony fish mtDNA, a much larger
excess of transitions related to the observed transversions. Rewrite the sentence

The haplotype diversity observed in COI was 0.8901. The Haplotypes of P. hypopthalmus and P.
nasutus have been distinguished based on COI variation and by locations (Table 3). Each haplotype
was specific for a particular species and no shared haplotype was foundbetween different species.
The genetic distances between pangasiid species based on COI genes ranged from 0.083 to 0.128.
Although the genetic distance values were small between pangasiid species, the species were still well
differentiated. Using cytochrom b gene, Pouyaud et al. (2000) also found a small genetic distance
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values for the pangasiid species in their study (ranged from 0.004 to 0.149), but nominal species
were still differentiated.

The COI tree divided the pangasiid samples to two clades, the first clade consisted of P. nasutus, H.
waandersii, P. bocourti and P. micronemus while the second clade included P. hypopthalmus. H. waandersii
was found to be closer to P. nasutus, P. boconrti, and P. micronemus than to P. hypopthalmus the
phylogenetic tree results are congruent with previous morphological description and identification of
the species based on Robert and Vidthayanon (1991). According to Haslawati et al. (2011) H.
waandersii and P. micronemus proved to be closer than other pangasiids.

The results of COI gene have placed H. waandersii in Clade 1 with other Pangasius genera, while H.
waandersii was from a different genus with different morphological characteristics of other pangasiid
species (Haslawati, 2004).

Interestingly the genetic COI distances isolate the native species from local species. In this study, the
local species, P. nasutus, P. bocourti, P. micronemus and, H. waandersii were distantly related to P.
bypopthalmus that introduced from Mekong, in Thailand.

The most significant finding in this study was the paraphyly of the Pangasius genus in Malaysia with
high bootstrape value. The tree from COI gene revealed that P. nasutus, P. bocourti, P. nicronemus and
H. waandersii were aggregated together and constituted in a monophyletic group with high bootstrap
values. Our result confirmed the monophyly of P. hypopthalmus which is congruent with previous
morphological studies that introduced Pangasius hypopthalmus (Sauvage, 1878) as Pangasianodon
hypophthalmus (Striped catfish) (Rainboth, 1996); Kottelat, 2001; Gustiano, 2003, and Ferraris, 2007).
Monophyly of P. hypopthalmus also confirmed the subgeneric classification proposed for Pangasius by
Vidthayanon and Roongthongbaisuree (1993).

The phylogenetic relationships based on molecular markers among family Pangasiidae in Malaysia
are in concordance with their morphological information, therefore,COI gene seems to provide a
powerful source of information and marker for solving some taxonomical problems arising from
solely based on morphological characteristics. It is vital to have additional data on the phylogenetic
relationships and molecular evidence of this family. Then for future studies, more indigenous
pangasiids with large sample size and genes, both mitochondrial and nuclear are suggested.
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