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TECHNICAL NOTE

Isolation of microsatellite markers from tiger grouper
(Mycteroperca tigris) and characterization in yellowfin grouper
(Mycteroperca venenosa), coney (Cephalopholis fulva), and red

hind (Epinephelus guttatus)
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Abstract Thirty-six microsatellite markers were isolated
from an enriched genomic library of tiger grouper
(Mycteroperca tigris) and characterized in 20 individuals
each for yellowfin grouper (Mycteroperca venenosa),
coney (Cephalopholis fulva), and red hind (Epinephelus
guttatus). The microsatellites include 23 dinucleotide
repeats, twelve trinucleotide repeats, and one tetranu-
cleotide repeat. The microsatellites characterized in this
study will be useful for further evaluation of population-
genetic indices in the economically important subfamily
Epinephelinae.

Keywords Microsatellites - Mycteroperca tigris -
Mycteroperca venenosa - Cephalopholis fulva -
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Introduction

The tiger grouper, Mycteroperca tigris, a western Atlantic
member of the economically important subfamily Epin-
ephelinae (groupers), is distributed from southern Florida
and Bermuda to southern Brazil (Heemstra and Randall
1993). Tiger grouper are susceptible to increased fishing
pressure targeted at spawning aggregations, a shared con-
cern among several grouper species (Sadovy et al. 1994;
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Sadovy de Mitcheson et al. 2008). The population density
of tiger grouper is generally sufficiently low such that they
are rarely caught except when spawning in large aggrega-
tions (Robinson et al. 2011). Large bodied groupers, such
as tiger groupers, recently have been proposed as potential
biocontrol agents for invasive lionfish in the Caribbean Sea
(Maljkovic et al. 2008; Mumby et al. 2011). Given the
potential for tiger grouper (and other large bodied group-
ers) to mitigate the alarming spread of lionfish in Caribbean
waters, the conservation of these species is of more than
passing interest.

Nuclear-encoded microsatellite markers are ideal tools
for assessments of population-genetic indices, including
genetic variability and the identification of stock-structure
(Ward 2000).These markers allow for the evaluation of
indices both within and between spawning aggregations,
identifying locations that are critical for conservation
efforts. Microsatellites can also enable the measurement of
larval dispersal (Planes et al. 2009) and estimate the opti-
mal sizing and spacing for conservation zones such as
marine protected areas (MPAs). Herein, we describe
polymerase chain reaction (PCR) primers for 36 micro-
satellite markers isolated from an enriched tiger grouper
genomic library.

Specifics pertaining to the production of the enriched
microsatellite library can be found in Renshaw et al.
(2011). Whole genomic DNA was extracted from a single
tiger grouper (M. tigris) using the DNeasy® Blood and
Tissue Kit (Qiagen). Independent dinucleotide and trinu-
cleotide microsatellite enrichments were ligated into pCR®
2.1-TOPO® vectors (Invitrogen), and transformed into
Escherichia coli (One Shot® TOP10 Chemically Compe-
tent Cells, Invitrogen). Positive (white) colonies were
handpicked with sterile toothpicks, placed in 96-well tissue
culture plates with 200 pl LB broth (containing 50 pg/ml
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of ampicillin and 8 % glycerol), and incubated at 37 °C
overnight to increase culture density. For each microsat-
ellite enrichment (dinucleotide and trinucleotide), a single
tissue culture plate was then sent to the Interdisciplinary
Center for Biotechnology Research at the University of
Florida (http://www.biotech.ufl.edu/) for sequencing with
the M13 forward primer. Resulting sequences were edited
and vector trimmed with SEQUENCHER 4.1 (Gene Codes);
clones containing viable microsatellite motifs were iden-
tified with Simple Sequence Repeat Identification Tool
(SSRIT, http://www.graene.org/db/markers/ssrtool); pri-
mer pairs were developed using PRIMER3 (http://frodo.wi.
mit.edu/).

A total of 61 unlabeled primer pairs (34 from the dinu-
cleotide enrichment plate and 27 from the trinucleotide
enrichment plate) were purchased from Integrated DNA
Technologies (IDT); the forward primer included a 21-bp
‘tail’ sequence (5-GCCTCGTTTATCAGATGTGGA-3),
allowing for the simultaneous amplification and fluorescent
labeling of targeted microsatellite fragments (Karlsson et al.
2008). The 5'-tail-sequence oligonucleotide was labeled
with one of three fluorescent dyes: 6-Fam, HEx, or NED (Set
D, Applied Biosystems). The original intent of the project
was to characterize the markers for the species of origin,
M. tigris. General difficulties in obtaining tiger groupers and
layoffs at Caribbean resource management agencies nor-
mally responsible for monitoring tiger grouper spawning
aggregations precluded procuring a sufficient number of
samples. The markers were instead characterized in the
congeneric species, Mycteroperca venenosa (yellowfin
grouper) and two related epinepheline species, Cephapholis
fulva (coney) and Epinephelus guttatus (red hind). Each
primer pair was evaluated initially with a subset of twelve
individuals, four from each of the three species. Successful
amplifications were evaluated further with an additional
sixteen individuals from each species (60 individuals total),
all sampled from waters off the coast of St. Thomas (U.S.
Virgin Islands). All DNA samples were extracted from fin
clips, using a modified Chelex protocol (Estoup et al. 1996).
PCR products were run on an ABI 377 DNA Sequencer;
alleles were sized using the Genescan® 400HD [Rox] Size
Standard (Applied Biosystems); allele sizing and calling
were performed with Genescan® 3.1.2 and GeNoTYPER®
version 2.5 software. Genetic variability of the microsatellite
markers was measured by the number of alleles, gene
diversity (expected heterozygosity), and observed hetero-
zygosity. Fisher’s exact tests, as implemented in GDA
(Lewis and Zaykin 2001), were used to test significance of
departure from Hardy—Weinberg equilibrium (genotype)
expectations at individual microsatellites and of departure
from genotypic equilibrium at pairs of microsatellites. Evi-
dence for occurrences of null alleles was explored using
MicrocHECKER (van Oosterhout et al. 2004).

Of the initial 61 putative microsatellites identified, 31
primer pairs produced easily scored polymorphic PCR
amplifications in M. venenosa (Table 1). The number of
alleles detected ranged from two (Mri22, Mti23, Mti61) to
20 (M1ti39); expected heterozygosity ranged from 0.050
(Mti61) to 0.962 (Mti39), while observed heterozygosity
ranged from 0.050 (Mri61) to 1.000 (Mri51). All individual
microsatellites and microsatellite pairs conformed to
Hardy—Weinberg expectations and genotypic equilibrium,
respectively, following Bonferroni correction for multiple
tests (Rice 1989). Analysis with MICROCHECKER indicated
no evidence for null alleles at any of the 31 microsatellites.

A total of 17 primer pairs produced easily scored poly-
morphic PCR amplifications in C. fulva (Table 1). The
number of alleles ranged from 2 (Mtil6, Mti31) to 25
(M1i35); expected heterozygosity ranged from 0.050 (M#i16,
Mti31) to 0.977 (Mti35), while observed heterozygosity
ranged from 0.050 (Mti16, Mti31) to 0.950 (Mti24, Mti35,
Mti39). Genotypes at one microsatellite (Mti60) deviated
significantly from Hardy—Weinberg expectations following
Bonferroni correction for multiple tests, and two pairs of
microsatellites (Mti60/Mtil6 andMi60/Mti43) deviated
significantly from genotypic equilibrium following Bonfer-
roni correction. Analysis with MICROCHECKER indicated evi-
dence for null alleles at Mti60, along with possible scoring
errors due to stuttering.

A total of 23 primer pairs produced easily scored
polymorphic PCR amplifications in E. guttatus (Table 1).
The number of alleles ranged from 2 (Mtil6, Mti22) to 22
(M1ti31); expected heterozygosity ranged from 0.104
(Mtid2) to 0.962 (Mti34), while observed heterozygosity
ranged from 0.053 (Mti42) to 1.000 (Mti34, Mti39, Mti60).
Genotypes at two microsatellites (M#10, Mti12) deviated
significantly from Hardy—Weinberg expectations following
Bonferroni correction for multiple tests, and five pairs of
microsatellites (Mti10/Mti12, Mti10/Mti43, Mtil0/Mti53,
Mti12/M1ti25, and Mti12/Mti43) deviated significantly from
genotypic equilibrium following Bonferroni correction.
Analysis with MicrRocHECKER indicated evidence for null
alleles at both Mti10 and Mti12.

The microsatellite markers identified were isolated from
genomic DNA of tiger grouper, M. tigris, and were used to
cross-amplify in one congener and two species in the same
subfamily. A total of 36 microsatellites appear to be useful
for future research with members of the subfamily
Epinephelinae.
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