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ABSTRACT

The queen triggerfish is an economically important Balistid exploited commercially in the Caribbean region for local food
markets and the ornamental trade. The species is reported to have declined in several parts of its range yet essential data for its
management and conservation such as information on stock structure and demography are still lacking. This work aims to conduct a
first assessment of genetic stock structure in the region. Heterologous microsatellite loci developed from gray triggerfish genomic
libraries were tested in queen triggerfish. The double-digest Restriction Site Associated DNA (RAD) sequencing method was
applied in a survey of genetic variation among six geographic populations including offshore of Jupiter inlet in Southeast Florida, St
Croix Island, St Thomas Island, the East and West coasts of Puerto Rico, and La Martinique Island. A total of 3,177 Single
Nucleotide Polymorphism (SNP) loci were examined with sample size per locality averaging 71 individuals (range 48 - 85). Allele
frequencies were homogeneous among localities with a possible weak isolation-by-distance pattern suggesting long distance
dispersal is occurring, a finding consistent with the extended duration of the pelagic larval phase in this species. On-going work
focuses on developing reference genomic resources for this species that will be used to strengthen population genetic inferences.
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INTRODUCTION

The queen triggerfish is a reef fish that frequents tropical and subtropical waters of the Atlantic Ocean. The species is
most abundant in the Caribbean region although it is also reported on reef habitats offshore of Bermuda, along the US East
coast from Southeastern Florida to the Carolinas, in the Gulf of Mexico, and in South America including Brazil (Robins and
Gray 1986). Queen triggerfish have also been observed in the East Atlantic from Cape Verde and the Azores (Harmelin-
Vivien and Quéro 1990) to Angola (Smith and Heemstra 1986). In the U.S. Caribbean, the species is exploited by commer-
cial fisheries for local food markets and is also collected alive for the aquarium market. Queen triggerfish are traditionally
harvested using traps but the use of hook and line and spear-fishing has developed in recent years in Puerto Rico in parallel
with the reduction of the trap fishery in the region (A. Rosario, Laboratorio de Investigaciones Pesqueras, Mayagiiez, Puerto
Rico, Personal communication).

There are growing concerns regarding the status of Caribbean reef fisheries (Cummings and Matos-Caraballo 2004).
While there is a general lack of data on individual species throughout the region, commercial catches, all species combined,
have been perceived to decline for several decades in the US Caribbean (Appeldoorn et al. 1992, Matos-Caraballo 2000). A
first assessment of queen triggerfish stocks in the U.S. Caribbean was conducted in 2012 (Rios 2012, SEDAR 30). Infer-
ences on the status of the stock during this assessment were very limited due to the lack of essential data on this species.
Both the SEDAR 30 report and subsequent reviews concluded that sound and robust assessment could not be achieved with
existing data and that better information on demography, life history, and biology of the species were needed. In particular,
the complete lack of information on genetic stock structure was identified. Concerns regarding the status of queen trigger-
fish are not limited to U.S. populations as this species is currently classified as Near Threatened by the International Union
for the Conservation of Nature (Liu et al. 2015). This work aims to develop the genomic tools needed for genetic studies of
queen triggerfish and provide a first assessment of genetic stock structure in the Caribbean region.

MICROSATELLITE MARKERS
In the first part of this project, 18 microsatellite markers developed from gray triggerfish genomic libraries were
evaluated for genetic studies of the queen triggerfish. The characteristics of the developed markers are described in details
in Antoni and Saillant (2012).

METHODS
Fin tissue samples from queen triggerfish specimens (n = 32) caught off St. Thomas were provided by Dr. David Olsen.
Tissue samples were preserved in a buffered salt-saturated dmso fixative fixative until DNA extraction. DNA was isolated
using a phenol-chloroform method (Sambrook et al. 1989). Microsatellites were evaluated in single marker Polymerase
Chain Reactions (PCR). PCRs were performed in a total reaction volume of 5 pl containing 6 - 12 ng of genomic DNA, 2
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pmol of each primer, 1 nmol of ANTPs, 7.5 nmol of MgCl,,
0.25 U of TAQ polymerase (Promega), and 1X of buffer
(Promega). PCR cycles consisted in an initial denaturation
at 95°C for 5 min, 35 cycles of 95°C for 30 s, Ta for 30 s,
72°C for 45 s, and a final extension of 15 min at 72°C.
Evaluation began at the optimal annealing temperature for
amplification of each microsatellite in gray triggerfish but
additional temperatures were also evaluated when initial
PCR tests were not successful. The 5’ end of one of the
two primers of each selected primer pair was labeled using
a fluorescent dye to allow detection of PCR products on an
automated sequencer. The PCR products for each mi-
crosatellite were run on a ABI-377XXL sequencer
(Applied Biosystems) according to instructions from the
manufacturer and evaluated for polymorphism and
interpretability of the obtained electropherograms. The
size of the PCR products was determined with reference to
a size standard prepared as described in DeWoody et al.
(2004).

The number of alleles (A), and the observed (Ho) and
expected heterozygosity (He) statistics were calculated
using the software ARLEQUIN v. 3.01 (Excoffier et al.
2010). Conformance of genotypic proportions to Hardy-
Weinberg (H-W) expectations was tested using exact tests
in the software GENEPOP v. 4.2 (Raymond and Rousset
1995, Rousset 2008). Probability values were estimated
using a Monte Carlo Markov Chain method with 5,000
dememorizations, 500 batches, and 5,000 iterations per
batch. The possible occurrence of artifacts impacting
scoring including null alleles, large allele dropout and
stuttering was tested using Microchecker v. 2.2.3 (Van
Oostehout et al. 2004).

RESULTS

Initial amplification tests only led to 8 successfully
amplifying loci but re-optimization of annealing tempera-
tures yielded a total of 14 usable microsatellites. The
remaining four microsatellites failed to amplify in queen
triggerfish (1 locus), did not yield a scorable PCR product
(1 locus) or null alleles were found to affect scoring (2
loci). The characteristics of the loci in queen triggerfish
(number of alleles, allele size range, heterozygosity,
inbreeding coefficients and probability of conformance to
Hardy-Weinberg expectations) are summarized in Table 1.
While 14 heterologous microsatellite markers tested in this
section appear usable in queen triggerfish, assays of
individual loci are labor intensive, even if markers can be
multiplexed for simultaneous amplification, and the
resulting marker density is still low. Further efforts to
study queen triggerfish populations considered alternative
approaches to genotype samples described below.

RESTRICTION SITE ASSOCIATED

DNA SEQUENCING
Recently developed protocols for genotyping based on
next generation sequencing technologies such as the double
digest Restriction site Associated DNA (dd-RAD)
sequencing protocol (Peterson et al. 2012) allow surveying
very large numbers (potentially thousands) of Single
Nucleotide (SNP) markers for costs and efforts comparable
to those involved in genotyping a panel of microsatellites
such as the one discussed above. The study of queen
triggerfish populations therefore focuses on this approach

to genotype and characterize populations.

Table 1. Results of tests of 18 microsatellites developed from gray triggerfish genomic libraries in queen trigger-
fish (n = 32 samples). Locus are fully described in Antoni and Saillant (2012).

ocus  Amplfoatin —scorng ,  Nlelesze
BC13 allele Null alleles 19 231-274 0.925 0.291 0.0026
size shifts ’ ’ :
BC14 3 89-105 0.552 0.155 0.1246
BC16 12 249-287 0.885 0.081 0.0776
BC17 7 212-224 0.757 0.092 0.4032
BC19 5 203-251 0.57 0.068 0.5296
BC2 Not scorable - - - - - -
BC25 Null alleles 9 139-165 0.881 0.539 0
BC26 17 221-277 0.868 0.064 0.0027
BC27 5 151-161 0.772 -0.093 0.2714
BC3 5 132-144 0.259 0.035 0.4805
BC34 17 233-273 0.909 0.038 0.3647
BC36 7 267-279 0.763 0.017 0.5129
BC41 10 136-154 0.87 -0.006 0.9534
BC44 8 239-261 0.497 -0.006 0.4687
BC45 7 242-256 0.591 0.217 0.4168
BC46 5 103-125 0.584 0.017 0.5705
BC47 22 112-164 0.914 -0.026 0.8556
BC49 No ) ) ) ) ) )
amplification

Number of alleles (A), expected heterozygosity (H.), inbreeding coefficient (F;s), probability of departure from Hardy-

Weinberg equilibrium (Pyw)
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SAMPLING

Sampling focused on US waters of St Thomas (n =
100 collected by trapping), St Croix (n = 100, collected by
trapping), Puerto Rico West and East coasts (n = 100,
collected by diving and spearfishing off Mayaguez and n =
100, collected by trapping off Fajardo and along the
southeast coast respectively), and South Florida (n = 100,
collected via hook and line fishing in the Jupiter inlet area).
Samples from La Martinique (n = 67) were also provided
by IFREMER for analysis.

DNA ISOLATION AND DD-RAD SEQUENCING

DNA was isolated from samples using a phenol-
chloroform protocol as above. The dd-RAD sequencing
libraries were prepared using protocols derived from those
described in Baird et al. (2008) and Peterson et al. (2012).
Briefly, following a double digest using SPEI and Sau3Al,
RAD-specific Illumina sequencing adapters (Y-yolked to
reduce amplification from Sau3Al-Sau3Al fragments,
modified from Baird et al. 2008) were ligated to the
digested DNA, and amplified to enrich for SPEI-Sau3Al
fragments. The resulting dd-RAD libraries were size
selected and sequenced (paired-end) on the Illumina Hi-
Seq genome sequencing platform.

DNA quality was variable and, for several samples,
was too low to perform the dd-RAD-sequencing protocol.
We were able to process a total of 470 specimens for
library preparation: 79 from Southwest Florida, 79 from
East Puerto Rico, 79 from West Puerto Rico, 88 from Saint
Thomas, 79 from Saint Croix, and 66 from La Martinique.
Sequencing runs included pools of 100 multiplexed
libraries except for the initial run that included 75 libraries.

Sequencing yielded an average of 1,502,929 raw reads
per samples (1,014,097 after discarding duplicate sequenc-
es). After stringent data filtering, 427 individuals were
retained in the final dataset (Southwest Florida 78, East
Puerto Rico 76, West Puerto Rico 72, Saint Thomas 85,
Saint Croix 68, La Martinique 48). The total number of
SNPs shared among all localities after filtration was 3,177
(Table 2).

INITIAL DATA ANALYSES AND RESULTS

Preliminary processing of the data revealed very weak
levels of divergence among samples (Fsr < 0.0007) and a
weak pattern of isolation by distance which is consistent
with the life history of the species that involves sedentary
behavior at the adult stage but a prolonged pelagic larval
phase (63 to 83 days, Robertson 1988 corrected by
Lindeman et al. 2000). Estimates of effective population
size also suggested a smaller population size in South
Florida but were possibly impacted by the lack of
information about linkage of markers. Further work
focuses on generating genomic resources for queen
triggerfish in order to enable accounting for linkage among
markers when assessing population structure and potential
signatures of natural selection, and also to improve the
accuracy of estimates of effective population size by
restricting inferences to pairs of unlinked loci.
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