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Abstract

Molecular assays are described for the identification of six rabbitfish (Siganus) species. A

multiplex PCR assay using primers targeting the mitochondrial cytochrome b region simulta-

neously identifies four species: Siganus canaliculatus, S. fuscescens, S. javus, and S. spinus.
Subsequent RFLP assays of multiplex amplicons differentiate between S. virgatus and

S. corallinus based on diagnostic fragments from the mitochondrial cytochrome oxidase I

region. Assays were validated with known specimens demonstrating accuracy of the molecu-

lar identification. Applied to morphologically indistinguishable early developmental stages,

these assays can facilitate studies on species-specific spatio-temporal patterns of larval

dispersal and population connectivity to aid fishery management.
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Rabbitfishes (Siganidae) are widely distributed in shal-

low coastal habitats throughout the Indo-Pacific, repre-

senting important herbivores and commercially valuable

fishery, aquaculture and ornamental species (Woodland

1990). In the Philippines, rabbitfish species inhabiting reef

flats and seagrass meadows are particularly exploi-

ted. Harvesting begins at the presettlement stage as fish

arrive in dense schools to settle in seagrass mead-

ows, while juveniles and adults are fished year-round

(Campos et al. 1994; Soliman et al. 2009).

In patchily distributed reef habitats, the extent of

dispersal between populations (connectivity) has impor-

tant implications to the dynamics of populations, their

resilience to disturbance, and how they can be managed

and protected (Jones et al. 2009). For rabbitfishes, the

planktonic larval phase represents potential for extensive

dispersal. Species identification of early developmental

stages is essential towards inferring species-specific

larval dispersal pathways and demographic connectivity.

Although late-stage siganid larvae can be distinguished

from other families using morphological characters (Leis

& Carson-Ewart 2000), species identification is difficult as

the fish have not yet developed distinct colour patterns

used for taxonomic identification (Woodland 1990). Pre-

settlement siganids on seagrass meadows have been

reported to consist of three species: Siganus fuscescens, S.

spinus, and S. virgatus based on nucleotide sequence anal-

ysis of the mitochondrial cytochrome b (cytb) region

(Ochavillo 2002). We have developed a multiplex PCR

and RFLP assay for rapid identification of these three

target species as well as three additional species: S. canali-

culatus, S. corallinus and S. javus.

Reference specimens for optimization and testing of

assays consisted of adult samples of 14 Siganus species

known to occur throughout the Philippine archipelago.

Specimens were morphologically identified based on

colour pattern and body shape, with the exception of

S. canaliculatus which were identified based on mitochon-

drial DNA control region and cytb sequences (R. Ravago-

Gotanco, unpublished). DNA was extracted from

ethanol-preserved muscle tissue using a Chelex-protein-

ase K method (Yue & Orban 2005).

The mitochondrial DNA (mtDNA) cytb region was

used as a marker for species identification (Lemer

et al. 2007). Sequence data for 22 Siganus species (Gen-

Bank Accession Nos. AB276792–AB276961, EF210174–

EF210192, DQ898028–DQ898094) were aligned using

Geneious software (Drummond et al. 2007). Primer 3
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(Rozen & Skaletsky 2000) was used to design species-

specific forward primers for S. canaliculatus, S. fuscescens,

and S. spinus to amplify unique-sized fragments in com-

bination with a universal reverse primer (Lemer et al.

2007; Table 1). For S. virgatus, species-specific forward

and reverse primers were designed. As a positive control

of the reaction, primers were designed for the mtDNA

cytochrome oxidase subunit I (CoI) gene from Siganus

sequences (GenBank Accession Nos. EU620476 to

EU620494).

The cytb primer pairs were evaluated in separate PCR

amplifications against 14 Siganus species to test for selec-

tive amplification of fragments of the expected size. Prim-

ers were species-specific for S. canaliculatus and S. spinus.

The S. fuscescens forward and universal reverse primer

pair cross-amplified S. javus. Addition of an S. fuscescens-

specific reverse primer to the reaction selectively ampli-

fied an additional fragment diagnostic for S. fuscescens

whereas S. javus had a single amplicon. Primer pairs

designed for S. virgatus also cross-amplified S. corallinus.

The low sequence divergence (d = 0.018 net uncorrected

p-distance) and the small number of positions with

fixed nucleotide differences between S. virgatus and

S. corallinus (8 sites out of 1141 bases) limited the design

of S. virgatus-specific primers. No cross-amplification

was observed for eight species: S. argenteus, S. guttatus,

S. puellus, S. punctatissimus, S. punctatus, S. unimaculatus,

S. vermiculatus, and S. vulpinus. CoI primers amplified an

�780 bp fragment for all 14 species.

Nine primers were subsequently combined in a multi-

plex PCR assay: four cytb species-specific forward oligos,

two cytb species-specific reverse oligos, one cytb univer-

sal reverse oligo, and forward and reverse oligos for CoI

(Table 1). The multiplex PCR assay was evaluated for

efficiency in distinguishing between S. canaliculatus,

S. fuscescens, S. javus, S. spinus and S. virgatus ⁄ S. corallinus

in a single reaction. The optimized assay consists of

10 lL reactions containing 1· PCR Buffer, 2 mM MgCl2,

200 lM of each dNTP, 0.25 units of Taq DNA polymerase

(Invitrogen), 0.3 lM each primer, and 1 lL of DNA tem-

plate. Cycling conditions were 94 �C for 3 min, 35 cycles

of 94 �C for 30 s, 58 �C for 30 s, 72 �C for 2 min, with a

final extension at 72 �C for 5 min. Fragments were

resolved on 2% TBE-buffered agarose gels, and detected

following ethidium bromide staining. Multiplex PCR

yielded multiple amplicons identifying target species: a

�780-bp positive control CoI fragment and smaller frag-

ments diagnostic for S. spinus (150 bp), S. canaliculatus

(200 bp), S. virgatus ⁄ S. corallinus (230 bp), S. fuscescens

(340 and 430 bp), or S. javus (430 bp) (Fig. 1A). Molecular

identification was consistent with morphological identifi-

Table 1 Oligonucleotide primers used in

multiplex PCR to identify Siganus speciesGene region and target species Primer name Sequence (5¢ to 3¢)

Cytochrome b

Siganus canaliculatus Scan-350F TCGTTCTCCTTCTCCTGGTT

Siganus fuscescens Sfus-122F TGATCATCCAAATCCTCACG

Sfus-465R GTAGGGGACGGCAGAGAGT

Siganus spinus Sspi-225F TGGCTGACTAATTCGGAACC

Siganus virgatus ⁄
Siganus corallinus

Svir-663F CCCATACTTTTCATACAAAGACCTGT

Svir-892R TTGATGCCAGAAGTGCTAGG

Siganidae, universal

reverse (Lemer et al. 2007)

AGGAAGTGGAAKGCGAAGAA

Cytochrome oxidase I CoI-510F CATGAAACCTCCYGCTATYTCC

CoI-1286R TGTTGTGGGAAGAAAGTYAGRTT
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Fig. 1 Multiplex PCR fragment profiles for Siganus species con-

sisting of species-specific cytochrome b (cytb) amplicons and a

positive control cytochrome oxidase I (CoI) amplicon (A). The

CoI amplicon (�780 bp) and cytb species-diagnostic amplicons

from S. spinus (lane 1,�150 bp), S. canaliculatus (lane 2,�200 bp),

S. virgatus and S. corallinus (lanes 3 and 4, �230 bp), S. fuscescens

(lane 5, �340 bp and 430 bp) and S. javus (lane 6, �430 bp) are

shown. Only the positive control amplicon is observed for other

Siganus species (lane 7). Species-diagnostic multiplex PCR-RFLP

profile of S. virgatus and S. corallinus following digestion

with HhaI is shown in (B). Lanes 1 - 3, S. corallinus; lanes 4 - 6,

S. virgatus. Diagnostic fragments were generated from the CoI

amplicon while the 230-bp cytb fragment was undigested. M, 50

bp DNA ladder. Fragment sizes are indicated in basepairs (bp).
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cation for a total of 125 specimens assayed (40 individu-

als each for S. fuscescens, S. javus and S. spinus; five indi-

viduals of S. canaliculatus). Only the positive control

amplicon was observed for eight non-target Siganus spe-

cies (20 individuals per species).

To distinguish between S. virgatus and S. corallinus,

we utilized nucleotide sequence variability of the CoI

amplicon in a restriction fragment length polymor-

phism (RFLP) assay. Restriction site analysis of CoI

sequences (GenBank Accession Nos. EU620482–620483,

EU620486–620487) using Geneious software identified

two putatively diagnostic enzymes, HhaI and RsaI.

Separate digestions were performed in 10 lL reactions

containing one unit of enzyme, buffer, water, and

3 lL multiplex PCR product, incubated for 3 h at

37 �C. Each enzyme yielded species-diagnostic RFLPs

from the CoI amplicon to differentiate S. virgatus and

S. corallinus. The 230-bp cytb amplicon was uncut

(Fig. 1B). The RFLP assay correctly identified 80 refer-

ence specimens (N = 40 individuals each species),

with no observed intraspecific variability in RFLP

profiles.

These protocols provide a rapid method for identifi-

cation of six Siganus species. Multiplex PCR enables a

single-step identification of four species, S. canaliculatus,

S. fuscescens, S. javus and S. spinus. Although an addi-

tional RFLP assay is needed to diagnose S. virgatus and

S. corallinus, the combined methods are a low-cost alter-

native to DNA sequencing-based methods, unambigu-

ously identifying 205 reference specimens. Applied to

early developmental stages, the method is valuable for

studies on the early life history of Siganus species inhab-

iting reef flats, particularly for species-specific spatio-

temporal patterns of larval dispersal, settlement, and

recruitment. The assays are expected to facilitate genetic

and demographic connectivity studies for management

of these highly exploited species. The method is also

applicable for differentiating between morphologically

similar S. fuscescens and S. canaliculatus, to facilitate

studies on the geographical distribution and ecology of

these sibling species.
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