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PHYLOGENETIC ANALYSIS OF BARAU AND SASAU FISH
(HAMPALA:CYPRINIDAE} FROIU WESTSUMATRA TAKES AND RIVERS

BASED ON CYTOCHROME-bGENE

rAnarisis f,ogenetik iiT,i:,fiixxifi::rT.xtr*i"?:lilixi:lfi' danau dan sungai

Dewi Imelda Roesmar): ,Djong l{on Tjonglt, nyt, Rabbani Aidilll
1)Andalas University, Padang, West Sumatra, Indonesia

deu- j roesma @:j,r;hott"rr:in ri der,..,ir*esma@sci,unand.ar:.id

Abstract

Barau atrd Sasau fisl-r are the local names of Hantpala macrolepidoro [Kuhl & Van Hasselt, 1BZ3)
and Hampala sp. [Cyprinidae] respectively. They are ciistinguished basecl on the presence or
absence of dark band between the dorsal and the pelvic fins. A total of 540 base pairs (bp) of the
cytochrome b gene were analyzed fron.r 23 individuals of Hampala fi-sh from four lakes and fonr
rivers in West Sumatra to determine their taxonomic relationship. Phylogenetic tree was
construct using the MEGA 6 software. The results shor,r,ed the low genetic divergence (0-O.Zok)
between inter and intra popuiations of H. macrolepidota and Hampala sp. Hence, its divergences
indicated that Barau and Sasau are the sanre species belong to H. macrolepidota.

Ke).words: cyprinidae, genetic distance, taxonomic relationship

Abstrak

Barau dan Sasau adalah nama local dari masing-masing Hampala macrolepidofafKuhl & Van
Hasselt, 1823J dan Hampala sp. (Cyprinidae).Keduanya dibedakan berdasarkan ada atau
tidaknya pita gelap antara sirip punggung dan sirip perut. Sebanyak 540 pasangan basa [bpJ gen
sitokron, b dianalisis dari 23 individu ikan Hampala dari empat danau dan empat sungai di
Sumatera Barat untuk menentul<an hubungan taksonominya. Pohon filogenetik dibangun
menggunakan perangkat lunak MEGA 6. Hasil penelitian menunjukkan perbedaan genetik yang
rendah @-A,2%) inter dan intra populasi H, mqcrolepidota d,an Hampala sp. Oleh karena itu,
Barau dan Sasau dapat dinyatakan sebagai spesies yang sama yaitu sebaga r H. macrolepid.ota.

Kata kunci: cyprinidae, hubungan taksonomi, jarak genetik

Introduction
Hampala (Subfamily CyprininaeJ is one of the freshwater fish, widely distributed

in Southeast Asia included Indonesia. Species of the Hampala having characteristics of
the dark band between the dorsal fin and pelvic fins which is become vague in the
larger fish. The color pattern on the species is distinguishable between adults with
juverliles and vary at different locations. Their coloration in the body and
morphological characteristic which showed much geographical variation make them
became interesting (Kottelat et al. L993, Doi & Taki, 1994, Ryan & Esa, 2006; and
Makmur et al. 2014J. Currently, there are seven described species ofHampala from
southeast Asia have been reported [Ryan & Esa, 2a0q. one of them was H.

macrolepidota [Valenciennes) which is the rvidest spread [Roberts 1989J. Their
distribution includes in rivers, lakes, swamps, and reservoirs as reported by Ryan & Esa,

Qa}Q; sulaiman & Mayden, (2012); Intan er al. (za1^3); Makmur et at.(201,4J ancl
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I
J.:"-.r-.: ri rr'. ll01t,l.There are several local names for H. macrolepidota for exanrp,e_s

Bot'ou in lakes and rivers in West Sumatra [Salsabila, {7987); Roesma (2013), Abaro in

Lake Siais and the adjoining rivers in Northwestern Sumatra [Roesma et a\.2016). In
Ranau Lake, South Sumatra H. Macrolepidota recognized with three different local
names based on the diff'erences in size. They are Kemencut for the small size, Arongan
fbr the medium and Sebarou for the large size [Makmur et a1.201,4). '

Tltere is atrother Hampala can be found in Maninjau and Singkarak lakes,

Hampala sp. which the local name is Sasau [Salsabila, 1987; Roesma, 2013.). At tl.ie
satne size, Barau and Sasau differ in the dark band they have. Barau have a dark band
betrveen dorsal fins and pelvrc fins and based on Kottelat et al. {19931 named as H.

macrolepidota, while Sasau i-ias not.

To deternrine the relationships of H. macrolepidota [BarauJ and Hampala sp

[SasauJ we choose the DNA sequencingas one of the molecular tecirniques that liave
been applied widely inphylogenetic studies. Cytochrome b genemitochonclrial DNA
perhaps to be the best-studied DNA segment and widely used for fishes phylogenetic
studies. Cytochroure b sequences have slorvly evolving sites which cait use to an

investigation of deeper relationsl-rips and species identification in fish taxonorny studies

[Berrrardi et aLZAA3, Manggio et o1.2005; and Wu et a\.2014).

Materials and methods
A total of 23 individuals consist of l-B individuals of H. macrolepidota (BarauJ and

five individuals of Hampala sp. (Sasau) werecaughtfromfour lakes and four rivers in
West Sumatra (Figure 1.J.

From each of population we used one to three individuals with assigning a number
code on the label of the sample. San-iples tissuewere collected in 1.5 ml eppendorf tubes
containing 960/o ethanol. The DNA isolation was following the procedure genome DNA

mini kit. The DNA amplification was done with the PCR machine SensoQuest. The
process of DNA an-rplification was done using 25 prlreaction volumes containing of 5 pl

isolate DNA, 12.5 pIPCR supermix solution [containing Tris HCI pH 8.4, KCl, MgClZ,

dGTP, dATP, dTTP, dCTP, Taq DNA polymerase, stabilizers), 3.5 prlDDHz},2 plforward
primer [5' CGA TTC TTYGCN TTC CAY TTC YT 3'J and 2 prlreverse primer (5' CCT CCR

ATC TTC CGA TTA CAA GAC 3'),
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Figure 1. Map of sampling locations of H. macrolepidota and Hampala sp.

The temperature of preliminary denaturation was 95oC for 4minutes, denaturationwas
94oC for 1 minute, annealing was 53,C for 1 minute and elongation was 72oC for
Zminutes. The process were follow by a final extension period at 72oC for 7 minutes.
The process run for 36 cycles of PCR and the sample stored at temperature 4"C.

Conformationof PCR product was done on 20/o agarose gelelectrophoresis. DNA
fragments were extracted from the gel using QIA quik PCR Purification Kit [QiagenJ and
used for DNA sequencingin MacroGen USA DNA Sequencing Laboratory.The result of
DNA sequences were determined using DNA sequencing analysis software and
assembled using DNA STAR program [Burland, 2000). The similarities of Hampala DNA
sequences were compared to DNA sequence data fromNCBI GenBankh,[fp;1!fu]gst-ngbi,

nlm.nih.gov/Blast[Table 1). All of DNA sequenceswere aligned using Clustal X ver. ]..81

software program [Thompson et al. 1-997J. Results of alignment was edited using
Bioedit program [Hall 1999). DNAwas translated into amino acid using online program

[DNA to Protein in SilicoJ.Haplotype and nucleotide diversity were calculated using
DNA SP ver. 5.10 fRozas, 2003). The phylogenetic tree was constructed with four
methods [ML/NI/ME/MP) using MEGA 6.0 software program fTamura Z0L1).

PHYLOGENETIC ANALYSIS OF BARAU ..... 3



Tablel.The List of Hampala species and other species [Cytochrome b sequences) from
NCBI Genbank

Familv Genus Species Code Location Source
H,

1 Crprinidae Hampala macrolepidota 1Q3461,42 Laos
H. Kunming, Yr,rnnan,

? macrolepidota KC696545 China
H. Mengna, Yunnan

3 macrolepidota HM536790 China
H.

4 macrolepidota KF670B1B Hubei, China
H.

5 macrolepidota AP011186 Japan
6 H. dispar KC631297 China
7 H. dispar KP71,2166 Myanmar
B Capoeta C. damascina JF79B3L0 Turkey
9 C. mauricii 1F798325 Turkey
10 C. barroisi 1F798279 Turkey

11, Barbus B. barbus KC465925 Italia

1-2 B. rebeli GQ302803 Albania

13 B. carpathicus HG798332 Slovakia

14 Tor T. douronensis F12L1162 China

Danio D. rerio 1N23435615

Pasco & Veran,
2072

Luo ef aI.201.3

Yanget a\.2070
Liu and Liu,
2013

Miya,2009
Yang et a|.201"3
Yanget al.2015
Levin ef a\.2075
Levin et a\.2075
Levin ef a\.2015
Meraner et al.
2073
Markova ef a1.

2070
Bounerba er aL
2A15
Guo, Tong ef aL

2009
Whiteley, et a1.

2071

Result and discussion PHYLOGENETIC ANALYSIS OF BARAU

Result

A total of 540 base pairs (bp) partial sequencesof cytochrome b from 38

individuals Hampalawere aligned.Twenty three sequences are new, originated from
four lakes and four rivers in West Sumatra.The other 15 sequences were obtained from
NCBI Genbank. The average value of total nucleotide composition was G 1L.90/o, A32.7o/o,

C 29.5o/o and T Z9.9ok.There were 323 bp out of 540 bp [59.81%) were conserved sites,

217 bp (40.19o/o) were variable sitesof which1{T bp (67.74o/oJ were parsimony
informative sites.

In total, 13 haplotypes were detected in all nucleotidesequences: two haplotypes

fone each) for H. macrolepidota and Hampala sp.from West Sumatra and 11 haplotypes
for sequences from genbank NCBI. Number of haplotype among population H.

macrolepidotafrom West Sumatra shown in fTable. 2). The most common and

dominant Hampala haplotypes in West Sumatra was haplotype 0z [HOz) which present

in all populations except Batang Sinamar River and Batang 0mbilin River 1. Overall, the
nucleotide diversity was low in all population where the Pi was 0.07455 and haplotype
diversity Hd was 0.690 with variance was 0.00673 t 0.082.

4 | Dewi Imelda Roesma et a1..



T

Table 2. Number of Hampala Haplotypes in West Sumatra

No. Species Location Haplotype

-H,
I^ macrolepidota

?H.- macrolepidota

"H,' macrolepidota
.H.4' macrolepidota
5 Hampala sp.

.H.o 
macrolepidota

7H.' mocrolepidota

oH." macrolepidota
9 Hampala sp.

10 Hampala sp.
H.1I
macroleptdota

1) H'

macrolepidota

1) H'
I J 

macrolepidota
H,

tlL

macrolepidota

15 Hampala sp.

H.Ib
macroleptdota

4n H'1t 
macrolepidota

Batang Ombilin River 1

Batang Sinamar River

Paninggahan,
Singkarak Lake
Muaro piirgai,
Singkarak Lake 2
Singkarak lake 3

Singl<arak lake

Muko-Muko, Maninjau
Lake 1

Batang Onlbilin River 2

Singkarak lake 1
Singkarak lake 2

Muaro pingai,
Singkarak Lake i
Tampang River,
Maninjau 1

Tampang River,
Maninjau 2
Muko-Muko, Maninjau
Lake 2
Teluk Dalant, Diatas
Lake

Diatas Lake 1

Air Tawar, Dibawah
Lake 2

H01

H01

H02

H02

HOZ

H02

H02

H02

H02
H02

H02

H02

H02

H02

H02

H02

H02

18 H'
macrolepidota

1., H'
L ) 

macrolepidota

2A H',

macroleptdota
21, Hampala sp.

?? H.

macrolepidota

12 H'
LJ

macrolepMota

Batang Ombilin River 3

Air Tawar, Dibawah
Lake 3

Diatas Lake 2

Batang Agam River
Pangkal Danau,
Dibawah Lake
Air Tawar, Dibawah
Lake 1

H02

H02

H02

H02

H02

H02

The relationships amongthe samples from all population are presented in Mltree
analysis I Figure. 2J withlO00boostrap value. The ME, NJ and MP treeanalysis showed
an identical tree topology to ML tree with small differences in bootstrap confidence
levels at each node.The phylogenetic analysis described the monophyletic status among

PHYLOGENETIC ANALYSIS OF BARAU ..... 5



Hampala species with high bootstrap support 99/99/96199. From the phl,logenetic

tree obtaineci, all oi tree methocis separate aii of tire samples into two groups [two
clustersJ.

The first cluster consist of Hampala species from Asia which dir-icec into trvo

subclusters. First subcluster consist of Hampala from West Sunrarra and H.

macrolepidota formother regions in Asia. The second subcluster coflsist of H. dispar and

H. macrolepidota fromJapan. The second cluster isloaded with the species members of
the other genus Capoeta and Barbusas synonim of Hampala, Tor and Donio as an

oLltgroup.

Pairm,ise genetic distances among intra and inter populationof H.

Macrolepidofa[Barau] in West Slrmatra \ /as 0.01%-0.2o/o, intra and inter
populatiotrofHampala sp. (Sasau) rnas 0.070 and between H. macrolepidota(Barau)

andHampala sp. [SasauJ was 0.0o/o-0.Zok [the table of genetic distance not show,ed].

Thearralysis revealed a very low genetic divergencebetween H. macrolepidotaand

Hampala sp. [0.0%-0.20/o).The genetic distances of Hampala from West Surnatra and H.

macrolepidola fromother region in Asiauzere ranging between 2.6ak-2.8c/0, and

12.04/o-13.470 with other Hampala species in the second subcluster. The second cluster

wlrich is consist of Capoeta and Barbus showed the genetic divergencelS.0ck-23.60/o

with the species in the first cluster.ln the IUCN Red list of threatened species[Allen,

2017),listed tlie Capoeta as sinonym of Hampala. However tlie high genetic distances

between thenr [16.40/o-22.40/o) not supported Capoeta as sinonym of Hampala and

indicated belong them in different genus.
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Figure 2. Phylogenetic tree [ML) of Hampala based on cytochrome b gene with

bootstrap value 1000 [ME/NJ/ML/MP]
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Discussion

The base compositionsT+A is higher than C+Gfor all vertebrate classes[Nei &
Kumar, 2000J. The Nucleotide sequence of cytochrome b with the A + T rich (58.60%)
higher than G+C (47,40o/o). That value almostsimilar to those previouslyreported for
Hampala fish cytochromeb sequences fRyan & Esa, 2006).Transition to transversion
bases (Ts; TvJ ratio were 3.82 and transitional substitutions rarere detected more
commonly than transversi onal.

According to Kartavtsev [2011J,based on cytochrome b gene of mitochondrial
DNA in vertebrates, the sequence divergence species in population was about 1.38 t
0.30o/o; on subspecies, semi-species, and sibling species level was about 5.10 t 0.9lo/o;
on level the different species in a single genus was about 10.31 t 0.93 o/o and the ievel
of different genus in a single family was about 17.86 x 1.360/o. The value of genetic
divergences betweenH. macrolepidota and Hampala sp. showed the low genetic
diversity (0.0o/o-0.2o/o). Based on Kartavtsev [2011J, the value of genetic distance
showed the difference on populations level in a single species. The other side, from
lraplotype analysis the H. macrolepidofa [BarauJ and Hampala sp. [SasauJ sharing the
same haplotype with low haplotypediversity Hd. was 0.316.

The phylogenetic analy5i5 does not support the separation ofH. macrolepidotaand
Hampala sp. intodifferent species.Their genetic distance were0.0%o- 0.Zo/o.H.

macrolepidota in West Sumatra and H. macrolepidota from other region in Asia
showthe close relationship (2.60/o-2.80/o). Overall, the low genetic distance of H.

macrolepidota from all regions ir-rdicated that the geography distance does not affect
the appearance of genetic differences,

The result in line with Ryar-r & Esa [2006) research, which reported that intra
or inter populations ofH. macrolepidota in Southern Peninsular Malaysia, Southern and
Central Sarawakhave low genetic divergence (0.1o/o-1-o/o). One of the possible reasolts
could be Makmur et al., (201,4) also reported thatmorphologically, there are three
different local name of H. macrolepidota from Ranau Lake, South Sumatra but
molecular study confirm it is only one species.Moleculer study has helped to clarify the
taxonimy status of Hampala in West Sumatra. Recently, species identification has been
done by combining the morphological and moleculer data to examine the relationship
belong to species and resolved the taxonomy status especially cryptic species.

From the samples collections in the field, H. macrolepidota have a smaller size than
Hampala sp. and H. macrolepidota have the dark cross band [stretched vertically from
dorsal fins to pelvic fins) which not found in Hampala sp. The grouping between H.

macrolepidota (Barau) and Hampala sp. [SasauJ were based on the present it, coulcln't
as clraracter which distinguish as different species. Taki & Kawamoto (1977), explained
the dark band of H. macrolepidofa will disappear in the large adult fish.

The Irigh ability of adaptatioir H. macrolepidota in West Sumatra caused the
variation in morphology without any majorgenetic divergence. However, in same
case,the different of ecological habitats also influence to appeared the variation in
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genetic. In study of Capoeta damascia species group, pareian&Esmaeili, 2077), with
combined the morphoiogicai and moleculer characters has been coniirm taxonomy

status and the present of new species in group. The high diversity estimated cause

thedifferent of ecological habitats, isolation geographywhich effect to the low gene

flow.According to Ramos & Kirkpatrick (7997), the presence of gene flow from a

population may be inhabits peripheral populations for reaching ti{e adaptive with local

habitat. The disruption of gene flow may can result difTerence of evololutionary, which

may leadto speciation.

The low genetic variation of H. macrolepidota appeared the worries because the

least concern status of H. microlepidota in IUCN 2A11. Furthermore, H.

ntocrolepidofaincluded in commercial and local fisheries until the high ol catched might

be disturbing the stability of population in the long term. Status clarification of Barau

and Sasau impact to efforts the conserve this species with appropriately. fPaquin &
Hedin, 2004; Lillywhite& Lee,2011) described the clarificatior-r of taxonomic status was

helpful in managing the populations with appropriately, in establishing regulation of
cxploitation in population and protected those species.

Therefore, this study has been eliminated the confuse on taxonomic status of Barau

and Sasau and the relationship belong them in lakes and rivers in West Sumatra.

Conclusion
The results showed the low genetic divergence

populations of H. macrolepidota and Hampala sp.

the sanre species belong lo H. macrolepidota.

(0-0.2o/o) between inter and intra
indicated that Barau and Sasau are
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