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Abstract: Problem statement: The genetic diversity ofBarbodes species in Thailand is presently
unavailable. The objectives of this study werettmly external morphology and genetic diversity gsin
Randomly Amplified Polymorphic DNA-Polymerase Ch&leaction (RAPD-PCR) of threBarbodes
species;Barbodes altus, B. gonionotus and Barbodes sp. Approach: Two of twelve screened
decanucleotide primers (OPAO7 and UBC122), werecsedl for the genetic analysis Bérbodes
genera.Results: Thirty-five reproducible and polymorphic fragmerf50-2150 bp in length) were
generated across the investigated species. Themages of polymorphic band were 7.69, 3.85 and
6.25% forB. altus, B. gonionotus and Barbodes sp., respectively. The UPGMA indicated a similarity
coefficient betweeiB. gonionotus andBarbodes sp. up to 90%. The candidate species-specific marke
of UBC122 primer was found in onlBarbodes sp. Conclusion: This approach indicates that
Barbodes sp. may be a variant speciesBofyonionotus.
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INTRODUCTION Thailand, the genusBarbodes has been -cultivated
because of the occurrence of high-backed and deep-

The diverse family Cyprinidae, the most speciesPodied individuals with few scales and rapid growth
rich family of all vertebrates, has been paid dithited ~ (Bond, 1996). Moreover, it is highly efficient imdd
attention in population genetics studies. In thev fe utilization. It is also well accepted as food. Ruith
studies available, the primary focus hasnbena (1996) identified the genusBarbodes using such
few species that have shared the stato§ e€xternal characteristics as serrated dorsal-finespi8
being either commercially important or popularPranched pelvic-fin rays, and skin of the lower lip
game fish; exemplified ~ by studies on commonseparated from the lower jaw by a shallow groowe)-a
carp, Cyprinus carpio L. (Desvigneset al., 2001; fin base length that is 9(_)% o_f_ head length a_nd no
Fuchs et al., 2000; Zhouet al., 2003), gold fish, tubercles on the snout. He identifie®& bodes species
Carassius auratus L. (Zhou et al., 2001), European in the Klong Riyer:Barbodes gonjonotus, B. altu_s a_nd
chub, Leuciscus cephalus L. (Larno et al., 2005) and B. schwanenfeldii. These species are also distributed
the genetic model species zebrafishanio rerio I rivers in every region of Thailand and as a ltesu
Hamiltion (Shimoda et al., 1999). The family genetic markers are unavailable for the great ritgjor
Cyprinidae with about 2,000 species seems to havef cyprinids. Since 2004, a fisherman from Surin
originated in Southeast Asia but now is also distéd ~ Province in northeastern Thailand, has beetung
in fresh water lakes, rivers and streams of Eurdgi, B gonionotus for several generations and has found
Africa and North America. About half the known thatthe body color of new generations changedines
species are native to Asia. Many important ornaaient individuals. Also offspring tend to increase in rwers
and aquarium fish belong to this family, rangingnfr ~ When inbreeding occurs. This new fish strain lolke
barbs, danios and rasboras to goldfish such aB-gonionotusbut its body color is golden.

Carassius auratus and carp,Cyprinus carpio which Classification of Barbodes has been based
have ornamental varieties. Because of the gredtrincipally on external morphological characters.
ecological and economical importance of Cyprinidae However, characteristics are apparently influertcgd
cultured food fish, many species have been digiibu variety of habitats and environmental conditionsug,
almost globally from their original range in Eusin  two sympatric species may be morphologically simila
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but misidentified as a single species. On the dtlaed, species were studied using external morphological
allopatric populations inhabiting different habstahay characteristics as described by Rainboth (1996).
show ecomorphological variation and have
guestionable species status. The basic informaiion Samples and DNA extraction: Thirty
numbers of species and/or population in a particulaauthenticated specimen  samples from 3 epeci
area is important for conservation programs (Céwwval Barbodes gonionatus, B. altus and Barbodes sp., were
and Hauser, 1994). In an earlier study, Holneeral. collected from a Surin province fish farm. The
(2005) established a platform for optimization of musculature portion was excised and frozen immelgiat
microsatellite markers for six different cyprinidased in liquid nitrogen. It was then kept at -80°C uriiNA
on cross-species amplification of markers thataljt  extraction. Total cellular DNA extraction was ideld
were developed foD. rerio and central stoneroller from each sample using a phenol-chloroform-protena
(Campostoma anomalum Rafinesque). Knowledge of K method (Winnepenninckxet al., 1993). DNA
genetic variation ofBarbodes species in Thailand is, concentrations were determined spectrophotoméyrical
therefore, important for creating appropriate managnt  (Maniatiset al., 1982) and extracted DNA were stored at
schemes. However, information about genetic ditsersi 4°C until required.
of Barbodes species in Thailand is presently unavailable.
Therefore, the objectives of this study were todgtu RAPD-PCR analysis. Twelve decanucleotide primers
external morphology and genetic diversity usingwere screened for amplification success in 3
Randomly Amplified Polymorphic DNA-Polymerase representative individuals of each species. UBC122
Chain ReactiofRAPD-PCR) of thre®arbodes species.  (5’'GTAGACGAGC3’) and OPAO7
RAPD reactions are PCR reactions, but they(5’GGTGACGCAG3’) primers were selected for RAPD
amplify segments of DNA which are essentially analysis. Amplification was carried out in a 28
unknown to the scientist (random). Often, PCR isdus reaction volume containing 10 mm Tris-HCI, pH,8.8
to amplify a known sequence of DNA. Thus, the50 mm KCI, 1% Triton-X 100, 2 mm MgCI2, 100 mm
scientist chooses the sequence he or she wants €ach of dNTP, 0.4 m of a primer, 1 unit of DyNAzyme
amplify, then designs and makes primers which willTM Il DNA Polymerase (Finnzymes) and 25 ng of DNA
anneal to sequences flanking the sequence of stteretemplate. PCR was performed in a thermal cycler
Thus, PCR leads to the amplification of a particula (Franklin, USA) for 40 cycles including denaturatiat
segment of DNA. However, in RAPD analysis, the94°C for 10 sec, annealing at 36°C for 30 sec and
target sequence (s) (to be amplified) is unknowme T extension at 72°C for 90 sec. The final extensi@s w
scientist will design a primer with an arbitrary performed at 72°C for 5 min. After amplificationCR
sequence. In other words, the scientist simply maie products were electrophoretically analyzed throudi¥o
a 10 base pair sequence (or may have a computégarose gels, in 0.5XTBE buffer (50 mm Tris, 50 mm
randomly generate a 10 bp sequence), then symalsesizBOI’iC Acid, 2.5 mm EDTA, pH 8.3). Gels were stained
the primer. The scientist then carries out a PGRtren ~ with ethidium bromide and photographed under UV
and runs an agarose gel to see if any DNA segmentight. The sizes of the amplified products were
were amplified in the presence of the arbitraryrni.  determined by comparison with a 100 bp ladder. Band
We chose RAPD analysis for this study becauseat is were scored as a binary variable, (1) for presance(0)
simple and rapid method for determining geneticfor absence of band. Only distinct well-resolveabkt
diversity in various organisms with the advantagstt bands were considered for resolving.

no prior knowledge of the genome under study is _ . . ,
needed or the polymorphic function as genetico@@ analysis: Band-sharing analysis (Jaccard's

markers. DNA markers offer accurate identificationSimilarity coefficient) was conducted. Cluster aséd
(William et al., 1990; Weisinget al., 1995). This and dendrograms based on the single linkage method
information is valuable for varietial (strain) were generated to estimate relationships among
classification and cross-breeding between differenBarbodes species using NTSYSpc (Rohlf, 1992). The
species for potential improvement in commercialdendrogram was constructed based on data obtained

production (Purdom, 1993). from the two primers.
MATERIALSAND METHODS RESULTS
External morphology study: Barbodes sp. samples External morphological studies found that

were obtained from a Surin province fish farm inBarbodes sp. had serrated dorsal-fin spine, soft fins
northeastern Thailand. Twenty specimens of unknowr6-7), 8 branched pelvic fin rays and ngade fin.

2



OnLineJ. Biol. ci., 11 (1): 1-6, 2011

Table 1: Sequences of oligonucleotide primers sséwal number of scorable RAPD bands, and percenfggaymorphic bands resulting from
RAPD analysis using primers OPA07 and UBC122

Size range (bp) Percentage of polymorphic bands
Primer Sequence (No. of scorable bands) (No. fparphic bands)
OPAO07 GGTGACGCAG 300-1300 (13) 61.53 (8)
UBC122 GTAGACGAGC 250-2150 (22) 86.36 (17)
Average 77.14 (12.5)

Table 2: Total number of bands and percentage lghpophic and monomorphic bands of e@drbodes species in this study based on RAPD
analysis using primers OPAQ7 and UBC 122

B. gonionotus B. altus Barbodes sp.

OPAO7 UBC122 Total OPAO7 UBC122 Total OPAO7UBC122 Total
No. of bands 10 16 24 8 8 16 10 16 26
No. of polymorphic bands 0 1 1 (3.9%) 0 1 6B%0) 0 2 2 (7.7%)
No. of monomorphic bands 10 15 25 (96.2%) 8 7 15 (93.8%) 10 14 24 (92.4%)
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Fig. 1: RAPD pattern oBarbodes sp. (lanes1-5) anB. o
gonionotus (lanes 6-10) and. altus (lanes11- Fig. 2: RA_PD pattern oBarbodes sp. (lanes1-5) ang.
15) generated from RAPD-PCR using primer gor)uonotus (Ia(rjle? 6-10) and. altus (lanes11-
: 15) generated from RAPD-PCR using primer
UBC122, a 100-bp ladder (lane m) akéHind
Il (lane m) were used as DNA markers. OPAO07, a 100-bp ladder (lane m) was used as

P : : : DNA markers. Arrowheads indicate species-
Arrowheads indicate species-diagnosetic RAPD . . . .
bands described in Table 3 diagnosetic RAPD bands described in Table 3

from analysis of three  speciBsrbodes altus,

B. gonionotus and Barbodes sp. using RAPD analysis
of two oligonucleotide primers (OPAQ7 and UBC122)
(Fig. 1, 2 and Table 1). The number of amplifiethdz

sharp premaxilla, 2 barbels and no tubercles osrbet. of all investigated samples were 13 bands for msme
The origin of the dorsal fins was opposite thehesdale OPAQ7 an.d 22 bands for UBC12_2' The percentage of
of the lateral line which had 29-31 scales. Theytfoom ~ POlymorphic bands for each primer was moderate
head to tail was yellow without any red color se fish (61.53-86.36%). )
was classified aBarbodes species. Characteristics such ~ 1he average number of bands per primer were 12
as the shape and fin ddarbodes sp. are similar to for B. gonionotus, 8 for Barbodes altus and 13 for
B. gonionatus, but Barbodes sp. has a golden color Barbodes sp. The percentage of polymorphic bands of
whereasB. gonionatus is white. The color oBarbodes  the respective species were 3.9, 6.3 and 7.7% €T3l
sp. is similar tdB. altus, but has no red band on the distal indicating low genetic diversity in each speciefieT
fin. For the result of RAPD analysis, a totél35  percentage of monomorphic bands were 96.15, 93.75
scorable bands ranging from 250-2150 bp was obderveand 92.39%, respectively.
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Fig. 3: A hierarchical cluster analysis dendrog@rBarbodes sp. (Bsp) B. gonionotus (Bg) andB. altus (Ba) based
on variation of RAPD pattern obtained with OPAOd &BC122 primer

Table 3: Candidate species-specific RAPD markerBavbodes sp. and B. gonionotus, (Fig. 3) which indicates that the

in northeastern Thailand revealed by RAPD analysis relationships betweeBarbodes sp. andB. gonionotus

RAPD Specificity in target :

Primer marker Species/genus species (%) is closer thar. altus.

OPAO7 820 and 950 B.altus 100

UBC122 420,600,720 B.gonionotus 100 DISCUSSION
and 950 andarbodes sp.
580 and 890 B. altus 100

External morphological studies found that

Barbodes sp. have characteristics described in Rainboth

Candidate species-specific RAPD markers: Several (1996) such as serrated dorsal-fin spines, sadt (A7)
RAPD fragments showed fixed frequencies in each oéind 8 branched pelvic fin rays. Anal fins are gdide
the particular species. These could be used asespec skin of the lower lip is seperated from the lovawjoy a
specific markers to distinguisBarbodes species in shallow groove. Anal fin base length is 90% of head
northeastern, Thailand. The 580 and 890 bp bandength, there are no tubercles on the snout amakit flat
generated from UBC122 were fixedBnaltus, but 420, body shape, small head, sharp premaxilla and Zelsarb
600, 720 and 950 bp bands were found.igonionotus  The origin of the dorsal fin is opposite the teatiale of
and Barbodes sp. Both 820 and 950 bp bands werethe lateral line which has 29-31 scales. The badynf
found only inB. altus and 670 bp irB. gonionotusand  head to tail is yellow and there is no red colaratin the
Barbodes sp. from OPAOQ7. Thus a distinction betweenbody or fins. Therefore the new individual is clfied as
B. altus and B. gonionotus and Barbodes sp. could be Barbodes sp. The characteristics darbodes sp. are
recognized by the existence of the 580 bp band fromsimilar to those oB. gonionatus andB. altus, although it
UBC122 inB. altus but which was absent iBarbodes  has no red coloration on the body or fins.
sp. (Fig. 1, 2 and Table 3). Two of twelve screened decanucleotides were

Cluster analysis of the genetic distance valueselected for genetic analysis Barbodes genera. The
(Jaccard’s coefficient) from UBC122 was conducied t results show the RAPD pattern Bf gonionotus and
generate a dendrogram indicating relationships éetw Barbodes sp. as identical main bands after performing
the Barbodes species. The genetic distance was 97%with OPA07 and UBC122 primers. RAPD fragments
between Barbodes sp. andB. gonionotus and 24% using primer UBC122 found 400, 460, 6000,
betweenB. altus, Barbodes sp. andB. gonionotus. 800 and 920 bp, whereBsrbodes altus did not
OPAO7 was 100% betweeBarbodes sp. and B. show 400 bp. When wusing primer OPA0O7 RAPD
gonionotus and 38% betweeB. altus andBarbodessp.  fragments show 650 and 1400 bp main bands
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B. gonionotus andBarbodes sp. but which are absent in Mahasarakam University, Mahasarakam, Thailand. The
B. altus. These results are supported by the externajuthors would like to thank Ms. Narumon Prakongruk
morphological results oBarbodes sp. which differed  ang Ms. Bupachat Kuntiwong for collecting specimens

from B. altus and B. gonionotus. Barbodes is more 54 preparing chemical reactions in this study.
similar in external morphology tB. gonionotus thanB.

altus. Thirty-five reproducible and polymorphic
fragments (250-2150 bp in length) were generated
across the investigated species. The percentages of ) )
polymorphic band were 7.69, 3.85 and 6.25% forBond, C.E., 1996. Biology of Fishes. 2nd Edn.,
Barbodes altus, B. gonionotus and Barbodes sp., Saunders College Publishing, Fort WortBBN-
respectively. However, the polymorphic values that  10: 0030703425, pp: 768.

were performed with both primers were lower thardmu Carvalho, G.R. and L. Hauser, 1994. Molecular
crabs in eastern Thailand. Genetic  diversity omgn genetics and the stock concept in fisheries. Rev.
samples from interspecies was higher than those Fish. Biol.  Fish., 4. 326-350. DOL:
from intraspecies. The UPGMA indicated that 10.1007/BF00042908

relationships betweenBarbodes gonionotus and  Desvignes, J.F., J. Laroche, J.D. Durand and Y vBou
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