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II. ABSTRACT

Polymerase chain reaction (PCR) primers for 35 nuclear-encoded microsatellites were
developed from a genomic library of cobia (Rachycentron canadum). All 35 microsatellites
were tested for reproducibility and polymorphism, using 24 cobia sampled offshore off Ocean
Springs, Mississippi. Thirty-three of the microsatellites were found to be polymorphic;
genotypes at seven of these differed significantly from Hardy-Weinberg (HW) expectations,
possibly due to the presence of null alleles. Levels of allele and gene diversity (expected
heterozygosity) were lower, on average, than values reported previously for other marine fishes.
All 35 microsatellites should provide useful tools in progeny tests to estimate genetic
contributions to a variety of aquaculture production traits. The 26 microsatellites whose
genotypes were in HW equilibrium should provide useful tools for future studies of cobia
relating to both stock-assessment and aquaculture. Five multiplex panels were developed to
facilitate and reduce expenses of using the microsatellites for both applications. Development of

the multiplex panels was in addition to proposed objectives.

III. EXECUTIVE SUMMARY

Polymerase chain reaction (PCR) primers for 35 nuclear-encoded microsatellites were
developed for application in quantitative- and population-genetic studies of cobia (Rachycentron

canadum). Five multiplex panels also were developed and optimized. All 35 microsatellites will




prove useful in addressing legal constraints that might arise during marketing of cobia products
cultured offshore and in genetic improvement of cobia broodstock. The 26 microsatellites whose
genotypes were in HW equilibrium will prove useful in delineating geographic stocks of *wild’
cobia and in this way contribute to wise and effective management of cobia resources in U.S.

waters. The multiplex panels developed will reduce costs of using the microsatellites.

IV. PURPOSE

A. Description of problems:

The specific priority to which the proposed activities responded was ‘Marine Aquaculture’
and implementation of aquaculture in the offshore (i.e., EEZ) environment. Issues addressed
directly by the project included legal constraints that might be imposed in marketing products
(cobia, in this case) cultured offshore, genetic selection for sustainable economic return through
genetic improvement of cobia broodstock in either offshore or land-based aquaculture, and future
efforts that relate to wise and effective management of wild cobia resources. Cobia,
Rachycentron canadum, 1s a highly‘ prized food and recreational-trophy fish and is considered a
prime candidate for aquaculture development because of rapid juvenile growth and an expanding
demand in the seafood marketplace. The project sought to develop species-specific genetic tools
and background information that could be employed to address three issues, two of which impact
both offshore and land-based aquaculture of cobia. The first issue was ‘forensics and the need for
unequivocal genetic-based methods to identify or distinguish products harvested in aquaculture
operations from wild stocks in order to ensure legal sale and alleviate potential conflicts. The
second issue was future genetic improvement of cobia broodstock relative to any number of
performance traits. The genetic markers that were to be developed could be employed in
‘common-garden-variety’ experiments to determine the additive genetic component (heritability)
of variation in performance traits ranging from growth rate to various physiological/ecological
parameters to marine survival to disease resistance. The third issue regarded assessment and
allocation of *wild’ cobia resources in U.S. waters. The genetic markers to be developed are

optimal tools for assessing population structure of marine fishes such as cobia.

B. Objectives:




The overall project objective is to develop 25-30 polymorphic microsatellite DNA markers
that were specific for cobia and that could be utilized in forensic, quantitative genetic
(broodstock enhancement), and stock-structure applications. Optimization of experimental
conditions for assay of the microsatellites was a key experimental objective. Effective

distribution/dissemination of project results was another key objective.
V. APPROACH

A. Work performed:

Complete details regarding genomic library construction, ligation of size-selected (500-
2,000 base pair) fragments into cloning vectors, and transformation into competent Escherichia
coli cells may be found in the first (Pruett et al. 2005} of the three papers published (or about to
be published) based on the work done in the project. Copies of the three papers are appended to
this report. Briefly, a total of 19,200 clones were hybridized with cocktails of oligonucleotide
probes, and 164 positive clones were sequenced. A total of 54 clones containing microsatellite
motifs were identified; 45 primer pairs were designed from sequences flanking the
microsatellites by using the programs AMPLIFY 1.2 and NETPRIMER®. Optimization of PCR
protocols was carried out on DNA from eight individuals. PCR amplifications were performed
in 10p1 reaction volumes, consisting of 1l (~25 ng) DNA, 1ul of 10X reaction buffer (500mM
KCl, 100mM Tris, 10% Triton-X 100), 0.1U of Tag DNA polymerase (GibcoBRL), 0.5uM of
each primer, 2004M of each dNTP, and 1mM MgCl,. PCR conditions consisted of an initial
denaturation of 94°C for 3 minutes, followed by 30 cycles of denaturation at 94°C for 30
seconds, annealing at optimized temperature for 45 seconds, extension at 72°C for 1 minute, and
a final extension at 72°C for 10 minutes. Complete details of the development of the multiplex

panels may be found in the paper by Renshaw et al, 2006 (appended).
B. Project management:

Several people participated variously in the project. These included S. C. Bradfield, J. C.
Patton, C. L. Pruett, M. E. Renshaw, and E. Saillant of PI Gold’s laboratory and C. E. Rexroad
I of the USDA/ARS National Center for Cold and Cool Water Aquaculture. Personnel in {I




Gold’s laboratory executed virtually all of the laboratory effort; Dr. Rexroad contributed critical

advice involving sequencing.
VI. FINDINGS

A. Actual accomplishmenis and findings:

Forward and reverse PCR primer-pair sequences fbr 35 microsatellites were developed from
a genomic library of cobia DNA and optimized according to standard procedures. The primer
sequences, microsatellite motifs (repeat sequence), size of cloned alleles, and optimized
annealing temperatures (AT) may be found in the appended publications. The 35 microsatellites
included 26 di-, one tri-, and four tetranucleotide repeat motifs; four of the microsatellites
contain complex repeats (i.e., a combination of different repeat motifs). Genotypes for all 35
microsatellites were acquired from 24 cobia sampled offshore of Ocean Springs, Mississippi.
The number of assayed individuals (N), the number of alleles (Ax), and the range in size of
detected alleles for each microsatellite also may be found in the appended publications. Thirty-
three of the microsatellites were found to be polymorphic; the average number of alleles per
polymorphic microsatellites was 7.1 (range = 2-17). For the polymorphic microsatellites,
average observed heterozygosity was 0.496 (range = 0.000 — 1.000), while the average expected
heterozygosity was 0.563 (range = 0.043 - 0.943). The average number of alleles and average
expected heterozygosity (also called gene diversity) per microsatellite were lower than averages
reported previously for several species of marine fishes. Genotypes at seven of the
microsatellites differed significantly from Hardy-Weinberg equilibrium expectations following
(sequential) Bonferroni correction for multiple tests performed simultaneously. Results of
analysis by MICROCHECKER indicated that six of these seven microsatellites (all but Rca 1B-E06)
had a general excess of homozygotes for most allele-size classes, suggesting the presence of null
alleles. Development of multiplex included evaluation of ‘mega-cocktail’ PCR primer
compatibility, reagents, and protocols, followed by the testing of primer concentrations to
generate similar quantities of amplified products across all microsatellites. Once developed, cost
effectiveness of the multiplex panels was estimated in terms of supplies and labor required for
running single microsatellite gels versus four- and eight-microsatellite panels. The total costs per

microsatellite for 96-well reactions (= 96 samples) was ~$64.00 (single microsatellite gels)




versus ~$18.25 (four-microsatellite panel) versus ~$9.50 (eight-microsatellite panels). Personnel
time per microsatellite (also estimated for 96 samples) was reduced as well: single microsatellite
gels involved ~2.5 hours, whereas four- and eight-microsatellite panels involved ~45 minutes
and ~30 minutes, respectively. Estimates of personnel times were based on an experienced

research assistant.

B. Problems encountered
No problems that affected final results were encountered.

VII. EVALUATION

A. Attainment of project goals:

All project goals were attained with no modification(s) to goals and objectives.
Development of the multiplex panels was ‘extra’ in that development of the panels was not
proposed initially.

B. Dissemination of project resulis:

A total of three manuscripts were prepared based on project accomplishments; one (Pruett et
al. 2005) is already published in a scientific journals, while the other two (Renshaw et al, 2005,
2006) are “in press® at two different scientific journals. These publications are listed below.

Complete copies are appended.

Pruett, C.L., Saillant, E., Renshaw, M. A., Patton, J.C., Rexroad, C.E. III, and Gold, J.R. (2005).
Microsatellite DNA markers for parentage assignment and population-genetic studies in
cobia, Rachycentron canadum. Molecular Ecology Notes 5: 84-86.

Renshaw, M. A, Pruett, C. L, Saillant, E., Patton, J. C., Rexroad, C. E. III, and Gold, J. R.
(2005). Microsatellite markers for cobia, Rachycentron canadum. Gulf of Mexico Science.
In press.

Renshaw, M. A., Saillant, E., and Gold, J. R. (20_). Microsatellite multiplex panels for genetic
studies of three species of marine fishes: red drum (Scigenops ocellatus), red snapper
(Lutjanus campechanus), and cobia (Rachycentron canadum). Aquaculture. In press.
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Abstract

Twenty nuclear-encoded microsatellites from a genomic DNA library of cobia, Rachycentron
canadum, were isolated and characterized. The microsatellites include two tetranucleotide,
one trinucleotide, three combination tetranucleotide/dinucleotide, nine dinucleotide, and
five imperfect (dinucleotide) repeat motifs. Gene diversity ranged between zero to 0.910;
the number of alleles among a sample of 24 fish ranged from one to 15. Cobia support an
important recreational fishery in the southeastern United States and recently have become
of interest to aquaculture. The microsatellites developed will be useful tools for studying
both population genetics (e.g. stock structure, effective population size) and inheritance of

traits important to aquaculture.
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Cobia, Rachycentron canadum, is an economically important,
pelagic fish distributed in tropical warm waters worldwide
{Shaffer & Nakamura 1989). It is a highly prized food and
recreational trophy fish, and is considered a prime can-
didate for aquaculture (Benetti et al. 2003). Because of the
popularity of cobia as a ‘game’ fish, methods to identify or
distinguish products harvested in cobia aquaculture from
‘wild’ stocks will be needed in order to ensure legal sale
and alleviate potential conflicts. Nuclear-encoded micro-
satellites (Weber & May 1989) are especially well suited
for this purpose because of their codominant, Mendelian
inheritance and their high levels of polymorphism. Micro-
satellites also have many applications in breeding programs
(Garcia de Leon et al. 1998) and for assessing population
structure of “wild’ populations as a means to improve assess-
ment and allocation of resources, In this note, we report the
development from a genomic library of cobia DNA of
polymerase chain-reaction {PCR) primers for 20, nuclear-
encoded microsatellites.

Correspondence: ]. R, Gold, Fax:+ 19798454096, E-mail:
goldfish@tamu.edu

Whole genomic DNA was extracted from cobia muscle
tissue using a standard phenol-chioroform method and
digested with Dpnll (New England BioLabs). Fragments
ranging in size from 500 to 2000 bp were size selected
by extraction from a 1% agarose gel and purified using
a gel extraction kit (Qiagen). Fragments were ligated
into a BamHI (New England BioLabs) digested and depho-
sphorylated (Calf Intestinal Alkaline Phosphatase, New
England BioL.abs} pBluescript vector using T4 DNA ligase
{New England BioLabs) and transformed into XL10-Gold
ultracompetent cells (Stratagene). Transformed cells were
plated on X-Gal - IPTG Luria-Bertani (LB) agar with 50 ug/
mL of ampicillin and grown overnight at 37 °C. Recom-
binant colonies were picked using a GENETIX QBOT, inoculated
into 384 well plates that contained 50 pL. of LB freezing
media [36 mm K,HPO,, 13.2 mm KH,PQ,, 1.7 mm sodium
citrate, 04 mm Mg80,, 6.8 mm (NH,),50,, 4.4% (v/v) glycerol,
50 pg/ mL ampicillin, 1.B], and incubated overnight at 37 °C
before freezing at ~80 °C.

A total of 19 200 clones (50 x 384-well plates) were
spotted in a4 x 4array onto 22.5 cm x 22.5 cm Hybond nylen
membranes (Amersham), with each clone being spotted
twice to eliminate false positives. Membranes were placed
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on LB agar plates with 50 ug/mL of ampicillin and incu-
bated at 37 °C until colonies were approximately 1-2 mm
(18-24 h). Membranes were placed on chromatography
paper (3M) and soaked as follows to fix colonies: 10% SIS
for 3 min, denaturing solution (1.5 mm NaCl, 1.5 Tris) for
5 min, and 2 x SSC for 5 min. Filters were incubated for 5 h
at 65 °C.

Resulting colonies were probed with two cocktails of
[gammal] 32P-labelled oligonucleotides: {i} tetranucleotides
[GATA],, [CATA], IGACA]; and trinucleotide [CAA]L,
and (ii) trinucleotides [GAA],, ITAA],, and dinucleotides
[GAl,; and [CAJ,;. A total of 164 positive clones were
screened as follows. Frozen glycerol stocks arrayed in 96-
well plates were used to inoculate 1 mL cultures of Luria
Broth selective media (ampicillin) and incubated overnight
at 37 °C. Plasmid DNA was isolated (alkaline lysis) with a
BioRobot 8000 (QIAGEN, CA). Miniprep DNA was quan-
tified, normalized, and both strands sequenced, using
M13 forward and reverse sequencing primers and ABI
BigDye Terminator v3.1. Products were purified and electro-
phoresed on an ABI 3100 DNA Analyser (Applied Bio-
systems, CA). Phred (CodonCode, MA} was used for DINA
sequence base calling and vector trimming. A total of 54
complete sequences containing microsatellite arrays were
obtained from the positive clones. Three of the clones
contained two repeat sequences from which primer pairs
were designed. A total of 45 primer pairs were developed
using aMPLIFY 1.2 (Engels 1993) and Netprimer® (http: //
www.premierbiosoft.com/ netprimer).

Unlabelled PCR primers were purchased from Invitro-
gen (Carlsbad, CA) and tested for amplification by screen-
ing DNA isolated from eight individuals obtained from
offshore of Ocean Springs, Mississippi. PCR amplifications
were performed in 10 pL reaction volumes containing 1 pL
(100 ngy DNA, 1pL 10x reaction buffer (500 mm KCl,
100 mm Tris, 10% Triton-X 100), 0.1 U of Tag DNA poly-
merase (Gibco-BRL), 0.5 pm of each primer, 200 pm of each
dNTP, and T mm MgCl,. PCR conditions consisted of an
initial denaturation of 94 °C for 3 min, followed by 30
cycles of denaturation at 94 °C for 30 s, annealing at 45 °C—
65 °C for 45 s, extension at 72 °C for 1 min, and a final
extension at 72 °C for 10 min. PCR preducts were electro-
phoresed ina 2% agarose gel, stained with ethidium bromide.
Once appropriate annealing temperatures for each primer
were determined, microsatellite arrays were tested for
polymorphisms by end-labelling (using T4 pelynucleotide
kinase} one primer from each pair with [y?P]-dATP and
employing the same conditions as above. PCR products
were electrophoresed in 6% polyacrylamide gels and visu-
alized by autoradiography; 20 microsatellite repeats were
chosen for further screening (Table 1). These microsatel-
lites included one trinucleotide, two tetranucleotide, three
combination tetranucleotide /dinucleotide, nine dinucleotide,
and five imperfect dinuclectide repeats. Two of the micro-
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satellites were on the same clone, Rca1B-EO8A and ReaiB-
E08B. Lengths of cloned alleles ranged in size from 122 to
308 base pairs. Optimal annealing temperatures ranged
from 48 *C—60 °C.

Screening involved a total of 24 cobia obtained from off-
shore of Ocean Springs, Mississippi. One primer from each
pair was fluorescently labelled with one fluorescent label
of set D (Applied Biosystems) for run on an automated
sequencer ABI-377. Alleles were sized using the GENE-
SCAN® 400 HD Size Standard (Applied Biosystems); allele
sizing and calling were performed using GENFSCAN® 3.1.2
and GENOTYPER®, version 2.5 software, Genetic variability of
the markers was measured by the number of alleles, gene
diversity (expected heterozygosity), and the observed hetero-
zygosity. Wright's F,¢, estimated as Weir and Cockerham'’s
f in Genetic Data Analysis (GDA) (Lewis & Zaykin 2001),
was used to measure departure of genotype proportions
from Hardy-Weinberg expectations at each microsatellite.
Fisher exact tests, as performed in GDA, were used to test sig-
nificance of departures from Hardy-Weinberg equilibrium
{genotype) expectations at each microsatellite and for depar-
ture from genotypic equilibrium at pairs of microsatellites.
The effect of Hardy-Weinberg departures (within locus
disequilibrium) on significance of between locus linkage
disequilibrium tests was removed by preserving geno-
types in GDA (Lewis & Zaykin 2001},

Summary data are presented in Table 1. The number
of alleles detected per microsatellite ranged from one to
15. Expected heterozygosity ranged from zero to 0.910,
while observed heterozygosity ranged from zero to 0.957.
Genotypes at four microsatellites deviated significantly
from Hardy-Weinberg expectations following sequential
Bonferroni correction (Rice 1989). Three of the microsatellites
exhibited heterozygote deficiency (Rea 1B-F06, I = 0.324;
Rea 1-B12, Fig = 0.578; and Rea 1-BQ6, F\g = 0.468), while one
(Rea A-10) exhibited heterozygote excess (Fig = -0.079). All
pairwise comparisons of microsatellites did not deviate
significantly from genotypic equilibrium following Bonfer-
roni corrections (Rice 1989). The 20 microsatellites developed
in this work will prove useful in future studies of population
genetics and quantitative genetics of ‘wild” and domesticated
cobia, respectively.
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Table 1 Summary data for microsatellites developed from cobia, Racirycentron canadum

Microsatellite Primer sequence (5'-3")* Repeat sequencet T, Nt/N,§ SizeRange§ H/H * Prwtt

Rea 1B-A10 GCAGCCCARTGCTAMCAAGCCT ] (GTT) 60 24/4 174-186 0.735/0.792  0.003
CATGTAGTCAAGCGAGCCACG

Rea 1B-DO% CAGCCTGCTTAGCCTATCA (GTI(CTGT(CTINGT), 60  23/1 169 0.000/0.000  1.000
GARGGATGGACCACTTCTCAC

Rea 1B-EQ2 GTGTTGCAGCCAARTGCTA (T 60 24/7 298-314 0.598/0.667  0.483
CTCCCTAGTGCCACTACAGCTC

Rca 1B-E08ASE  CATATCARGTCAATATCACAGACC (CA}GA(CA);ACA) 4 55  24/5 181-225 (.582/0.458  0.030
CCACGGAATAGCAGACTTTCTC

Rea 1B-EOBB GCAGTTGATTCTGATTGCTACAC CA)gGA(CA), 60 24/2 120-122 0.496/0.417  0.672
CTAATGCCAGCTCATTATGTCC

Rea 1B-FO6 CARGCAARTGCGTGGECCGA (CTAT) 5 55 24/11 260~300 0.796/0.542  0.000
CGTTAGCAACCACACGAGCTTG

Rea 1B-FO7 GGAATCTGGTGGTGAGTCAT (GACR)(CA),, 55  24/3 132~140 0.082/0.083 1.000
CTGTGGCTEAAGCGTGTGTT

Rea 1B-G10 GGAAACTCTATAACAGCATATC (CT)TT(CT), 55 23/2 154-156 0.043/0.043  1.000
GTAGACAGAGCAACACATCGAG

Rea 1B-HO9 CATGTTATTCTCCAACTCATGS (GRATA)y, 48  23/12 176-224 0.910/0.957 0351
GTGTATCCGCATACTTTCAG

Rea 1-AD4 CACGCACATGCACTACTTTAACC (Ch)y(CACT), 60 24/6 196-206 0.722/0.625  0.095
GCTGTTGATCTGGCGANMGCARC

Rea 1-AT1 CTACAGTGITGTTCCCTGTTAG (CT)yy 55  24/15 167-201 0.889/0.792 0271
CAGTACATAGAGARACAGGAGS

Ree 1-B12 GCTTCAGGCAAGTGAGACC (a0, 85 24/7 177-193 0.780/0.333  0.000
GGGAGGTAATTATGTCCTGT

Rea 1-C04 GACATCAAGTGGCACTTTG GT), 48 24710 223-253 0.641/0667 0.188
CACTARACTTGTTCCTCCTG

Rea 1-104 GCTGAACTTGTCGCCACT (TG)AC(TG), 60 24/3 125-129 0.551/0.667  0.723
GGACTGAACCTCCCTATCCTC

Rea 1-D11 CETAACACCTTTGGAAGRCATC {GT)q 55 24/4 204-212 0.295/0.333  1.000
CTCCATTGAGGCTGACTAGTG

Red 1-E04 CCAAGAACAGGCGGECAAC {Ch)g8 bp(Ca), 5%  23/4 216-238 0.336/0.391  1.000
GCCACCATTGTGTGTGGGTCA

Rea 1-E06 GECACCAATCACTCACTACTG (CA}y 43 24/10 144-188 0.853/0.458  0.000
TGTTGAGCTCTATCAGTGCC

Rea 1-E11 @TCCCAGCTCCAGCCCABAC (ca)y, 55 23/7 167-181 0.757/0.783  0.245
GACACTGOCTGCGTGAGCA

Rea 1-FO1 GCTCATTTCACTARGTGTGTTATAGC (TG, 60 2472 202-206 0.120/0.125  1.000
CCATGARTCTACATTCACCTGCCA

Rea 1-GO5 GGECTETCTECTEGCTUTAA GT)7 60  24/7 274-282 0.697/0.667  0.148

GCATCTGTGTCCTGGTGAGRGTCCC

*Primer sequences are forward (top) and reverse (bottom); tRepeat sequence indicates the repeat motif; T, is annealing temperature in °C;

N is the number of individuals assayed; §NA is number of alleles detected; Size range refers to alleles thus far uncovered; **Hg and H, are
expected and observed heterozygosity, respectively; ++PHW represents the probability of deviation from Hardy-Weinberg expectations
(significant values after Bonferroni correction are in bold) and sequences of clones are listed in GenBank (Accession numbers AY721664 -
AY721682); §8Primers Rea 1B-EN8A and Reca 1B-EC8B were developed from the same clone; {IThe fuorescently labelled primer is in bold.
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Gulf of Mexico Science (In press)
Microsatellite Markers for Cobia, Rachycentron canadum

M. A. RENSHAW, C. L. PRUETT, E. SAILLANT, J. C. PATTON,

C. E. REXROAD III, AND J. R. GOLD

Polymerase chain reaction (PCR) primers are reported for 35 nuclear-encoded microsatellites
developed from a genomic library of cobia (Rachycentron canadumy). All 35 microsatellites were
tested for reproducibility and polymorphism, using 24 cobia sampled offshore off Ocean Springs,
Mississippi. Thirty-three of the microsatellites were found to be polymorphic; genotypes at seven of
these differed significantly from Hardy-Weinberg (HW) expectations, possibly due to the presence
of null alleles. Levels of allele and gene diversity (expected heterozygosity) were lower, on average,
than values reported previously for other marine fishes. The 26 microsatellites whose genotypes
were in HW equilibrium should provide useful tools for future studies of cobia relating to both

stock-assessment and aguaculture.

obia, Rachycentron canadum, is a migratory, coastal pelagic fish distributed in tropical and

C subtropical warm waters worldwide except for the eastern Pacific (Shaffer and Nakamura, 1989).
The species constitutes an important recreational fishery in the Gulf of Mexico (Brown-Peterson et al.,
2001), and is caught incidentally in the commercial fishery (Shaffer and Nakamura, 1989). Interest in
cobia aquaculture in the U.S. has been spiked recently by successes in captive spawning and larval rearing
(Dodd, 2001), and it has been suggested (Bridger and Costa-Pierce, 2002) that cobia may be an ideal
species for offshore cage culture.

In this note, we report optimized polymerase-chain-reaction (PCR) primers for 15 muclear-encoded
microsatellites developed from a cobia genomic library. Briefly, microsatellites are short stretches of

nuclear DNA composed primarily of di-, tri-, and tetranucleotide repeats inherited in a codominant




(Mendelian) fashion and distributed throughout euchromatic regions of chromosomes (Weber and May,
1989; Weber, 1990; Wright and Bentzen, 1994). Microsatellites also accumulate mutations fairly rapidly
(Shug et al., 1998), making them ideal genetic markers for a variety of applications ranging from stock-
structure analysis of ‘wild” populations (Gold and Turner, 2002; Zatcoff et al., 2004) to parentage
assignment and pedigree reconstruction in domesticated populations (Wilson and Ferguson, 2002; Jones
and Arden, 2003). Included in this note are summary data for 20 other microsatellites for cobia
developed in our laboratory by Pruett et al. (2005). The summary data for all 35 microsatellites include
number and size of alleles detected, observed and expected heterozygosity, and results of tests of
conformity to Hardy-Weinberg equilibrium expectations at each microsatellite. The summary data are
published here to allow convenient access to all PCR primers and other data.

Details regarding genomic library construction, ligation of size-selected (500-2,000 base pair)
fragments into cloning vectors, and transformation into competent Escherichia coli cells may be found in
Pruett et al. (2005). A total of 19,200 clones were hybridized with cocktails of oligonucleotide probes,
and 164 positive clones were sequenced. A total of 54 clones containing microsatellite motifs were
identified; 45 primer pairs were designed from sequences flanking the microsatellites by using the

programs AMPLIFY 1.2 (Engels, 1993) and NETPRIMER® (http;//www.premierbiosoft.com/netprimer).

Optimization of PCR protocols was carried out on DNA from eight individuals. PCR amplifications were
performed in 10Ul reaction volumes, consisting of 14l (~25 ng) DNA, 1pl of 10X reaction buffer
(500mM KCI, 100mM Tris, 10% Triton-X 100), 0.1U of Tag DNA polymerase (GibcoBRL), 0.5uM of
each primer, 200uM of each dNTP, and 1mM MgCl,. PCR conditions consisted of an initial denaturation
of 94°C for 3 minutes, followed by 30 cycles of denaturation at 94°C for 30 seconds, annealing at
optimized temperature (Table 1) for 45 seconds, extension at 72°C for 1 minute, and a final extension at
72°C for 10 minutes.

The primer-pair sequences (forward on top, reverse on bottom), microsatellite motifs (repeat

sequence), size of cloned alleles, and optimized annealing temperatures (AT) are given in Table




1. The suite of 35 microsatellites includes 26 di-, one tri-, and four tetranucleotide repeat motifs;
four of the microsatellites contain complex repeats (i.e., a combination of different repeat
motifs). Genotypes for all 35 microsatellites were acquired from 24 cobia sampled offshore of
Ocean Springs, Mississippi. The number of assayed individuals (N), the number of alleles (Ay),
and the range in size of detected alleles for each microsatellite also are given in Table 1. Thirty-
three of the microsatellites were found to be polymorphic; the average number of alleles per
polymorphic microsatellites was 7.1 (range = 2-17). Estimates of observed (Hp) and expected
(Hg) heterozygosity were computed using GDA (Lewis and Zaykin, 2001) and are given in Table
1. For the polymorphic microsatellites, average observed heterozygosity was (.496 (range =
0.000 — 1.000), while the average expected heterozygosity was 0.563 (range = 0.043 - 0.943).
The average number of alleles and average expected heterozygosity (also called gene diversity)
per microsatellite are lower than averages reported previously by DeWoody and Avise (2000) for
.several species of marine fishes. Probabilities of departure from Hardy-Weinberg equilibrium
expectations (Pyw) were computed using exact tests, as implemented in GDA (Lewis and
Zaykin, 2001) and also are given in Table 1. Genotypes at seven of the microsatellites differed
significantly from Hardy-Weinberg equilibrium expectations following (sequential) Bonferroni
correction for multiple tests performed simultaneously (Rice, 1989). Results of analysis by
MICROCHECKER (Van Qosterhout ef af. 2004) indicated that six of these seven microsatellites (all -
but Rea 1B-E06) had a general excess of homozygotes for most allele-size classes, suggesting
the presence of null alleles. The 26 microsatellites whose genotypes were in HW equilibrium
should prove extremety useful in future studies of cobia relating to both stock-assessment and
aquaculture. The use of microsatellites as selectively neutral genetic markers to assess

geographic boundaries and genetic diversity of ‘wild” stocks is well reviewed in Wright and




Bentzen (1994) and Carvalho and Hauser (1995); the use of microsatellites in aquaculture
includes parentage assignment, pedigree reconstruction, mapping of quantitative trait loci, and

marker-assisted selection and is well reviewed in Liu and Cordes (2004).
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Microsatellite multiplex panels for genetic studies of three species of marine
fishes: red drum (Sciaenops ocellatus), red snapper (Lutjanus campechanus),

and cobia (Rachycentron canadum)
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Abstract

Multiplex panels of nuclear-encoded microsatellites were developed for three species of
marine fishes of interest to both public and private aquaculture ventures: red drum (Sciaenops
ocellatus), red snapper (Lutjanus campechanus), and cobia (Rachycentron canadum). The
multiplex panels will be useful in a variety of applications, including strain and hybrid
identification, parentage assignment, pedigree reconstruction, estimating genetic diversity and/or
inbreeding, mapping of quantitative trait loci, and marker-assisted selection. The panels also will
be useful in studies of stock-structure of ‘wild’ populations. Comparison of costs for expendable
supplies revealed that four- and eight-panel multiplexes reduced expenditures four- and eight-
fold, respectively, relative to single microsatellite gels. Personnel time also was reduced
significantly.
Keywords: Microsatellites, multiplexes, aquaculture, red dram, Sciaenops ocellatus, red

snapper, Lutjanus campechanus, cobia, Rachycentron canadum
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1. Introduction

Microsatellites are hypervariable, nuclear-encoded genetic markers that are widely used in a
variety of aquaculture applications, including strain and hybrid identification, parentage
assignment, pedigree reconstruction, estimating genetic diversity and/or inbreeding, mapping of
quantitative trait loci, and marker-assisted selection (Liu and Cordes, 2004). The large number
of microsatellites needed for many of these applications can often generate high costs due to
materials and personnel time. Major cost reduction, however, can be achieved through
multiplexing, the combination of polymerase-chain-reaction (PCR) amplification products from
multiple microsatellites into a single lane of an electrophoretic gel (Olsen et al., 1996; Neff et al.,
2000). Muitiplexing can be accomplished through either co-amplification of multiple
microsatellites in a single PCR cocktail (Chamberlain ef al., 1988) or combination of PCR
products from multiple, single amplification reactions (Olsen et al., 1996). A blend of the two
approaches can optimize sample throughput (Devey et al., 2002; Paterson et al., 2004). Despite
its cost-effectiveness multiplexing is often not employed, apparently because of a general
apprehension that it increases complexity of microsatellite genotyping (Neff e al., 2000).

In this technical report, we describe simple and straightforward protocols for multiplexing
microsatellites in each of three species of marine fishes of interest to public and private
(commercial) aquaculture: red drum (Sciaenops ocellatus), red snapper (Lutjanus campechanus),
and cobia (Rachycentron canadum). Briefly, red drum is an estuarine-dependent sciaenid found
primarily along the Atlantic and Gulf coasts of the southern United States (U.S.). Culture,
including breeding, of red drum is relatively advanced (Lee and Ostrowski, 2001). Extensive use
by resource management agencies of hatchery-raised red drum to enhance ‘wild’ stocks occurs in

several southern states (Grimes, 1998; Smith et al., 2001), especially Texas (McEachron et al.,




1995). Commercial (private) aquacuiture of red drum also occurs in the southern U.S. (Lee and
Ostrowski, 2001), and in China, Israel, and Taiwan as well (Lutz, 1999; Hong and Zhang, 2003).
Culture of red snapper, a structure- or reef-associated lutjanid found primarily along the
continental shelf of the Gulf of Mexico (Hoese and Moore, 1977), is far less advanced. Wild-
caught adults have been successfully strip-spawned in captivity following hormone inducement
(Lee and Ostrowski, 2001; Riley et al., 2004), and efforts to optimize aquaculture protocols to
mass produce fingerlings for stock enhancement and commercial aquaculture are underway
(Chigbu et al., 2002; Riley et al., 2004). In addition, the grow-out and market potential for red
snapper make it ideal for offshore cage culture (Bridger and Costa-Pierce, 2002). Cobiais a
nearly cosmopolitan, pelagic species found in tropical and subtropical waters (Shaffer and
Nakamura, 1989). Like red snapper, cobia is relatively new to aquaculture, although in Taiwan,
cobia is now a very popular and profitable farmed marine fish (Liao et al., 2004). Recent success
in captive spawning and progeny production in the U.S. (Dodd, 2001) has generated considerable
interest in commercial aquaculture of cobia (Lee and Ostrowski, 2001; Smith et al., 2001).

PCR primer sets for microsatellites in all three species were developed previously for use in
stock-structure analysis of ‘wild’ populations: red drum (Saillant et al., 2004); red snapper
(Bagley and Geller, 1998; Gold et al., 2001), and cobia (Pruett et al., 2005; Renshaw et al.,
2005). Subsets of these microsatellites were used to develop protocols for the microsatellite

multiplex panels described in this report.

2. Materials and multiplex protocols

An alkaline-lysis method (Saillant et al., 2002) was used to purify DNA from tissue samples
(fin clips or internal organs) that had been obtained for prior studies in our laboratory. All

tissues had been fixed in 95% ethanol and stored at room temperature.




The initial step in designing multiplex protocols typically involves generating PCR
sequences for individual microsatellites, optimizing annealing temperatures, and determining the
approximate range in allele size that might be encouhtered for a given microsatellite. Because
these data already were available for red drum, red snapper and cobia (Gold et al. 2001; Saillant
et al. 2004; Renshaw et al. 2005), the initial effort was conceptual and involved combining
individual microsatellites with similar, optimal annealing temperatures and assessing whether
allele-size ranges overlapped and whether alternate ABI dyes could be employed when overlap
occurred. Initial experiments in each species involved testing sets of eight to ten primers in
‘mega-cocktails’ where equimolar (5 picomol) amounts of each primer pair were run in the same
PCR reaction. Other PCR reagents (buffer, magnesium, dNTPs, Tag polymerase) in the ‘mega-
cocktails’ initially followed PCR procedures outlined in Saillant et al. (2004), Gold et al. (2001),
and Renshaw et al. (2005) for red drum, red snapper, and cobia, respectively. One primer (either
forward or reverse) from each pair was labeled with one of three different Applied Biosystems
(ABI) fluorescent dyes of set D (6-FaM, HEX or NED). Microsatellites with non-overlapping
allele-size ranges were labeled with the same fluorescent dye; whereas those with overlapping
allele-size ranges were labeled with different dyes. Fragment analysis was carried out on an

automated ABI-377 sequencer; fragments were sized using GENESCAN 3.1.2, and allele calling

was performed using GENOTYPER® version 2.5.

Optimization of multiplex protocols began with screening of microsatellites that amplified in
the ‘mega-cocktails.” Primer pairs that failed to amplify were removed from the mix and further
optimization focused on the remaining primer pairs; this led to six sets (hereafter multiplex
panels or panels) of red drum microsatellites, three of red snapper microsatellites, and five of

cobia microsatellites. Two ‘touchdown’ PCR protocols (I and IT} were evaluated for each of the




14 panels. Touchdown protocols are used to amplify microsatellites with different, optimal
annealing temperatures in the same PCR reaction via progressively reducing annealing
temperature in successive annealing cycles (Rithidech et al., 1997; Fishback et al., 1999). The
Touchdown I protocol featured a one-half degree (Celsius) reduction in annealing temperature at
each of twelve cycles, as described by Fishback et al. (1999), followed by thirty cycles of
amplification at a temperature (hereafter, ‘bottom’ temperature) six degrees below the starting
annealing temperature. Initial evaluation started at the highest (optimal) annealing temperature
for a given microsatellite included in each multiplex panel. The Touchdown 1l protocol was
developed in our laboratory and involved a three-step reduction in annealing temperature. The
initial step employed the highest optimal annealing temperature for a given microsatellite
included in the panel, while the third step employed an annealing temperature slightly (1-2°C)
below the ‘bottom’ temperature; the second step employed an annealing temperature
intermediate between the other two. The Touchdown I protocol was composed of: (i) initial
denaturation at 95°C for 3 min; (ii) 12 cycles of denaturation at 95°C for 30 sec, annealing
(minus 0.5°C per cycle) for 1 min, and extension at 72°C for 4 min; (iii) 30 cycles of denaturation
at 95°C for 30 sec, ‘bottom’ annealing temperature for 1 min, and extension at 72°C for 4 min;
and (iv) final extension at 72°C for 10 min. The Touchdown II protocol was composed of three
steps that followed an initial denaturation at 95°C for 3 min: Step - | seven cycles of denaturation
at 95°C for 30 sec, annealing for 1 min, and extension at 72°C for 4 min; Step 2 - seven cycles of
denaturation at 95°C for 30 sec, annealing for 1 min, and extension at 72°C for 4 min; and Step 3
- 28 cycles of denaturation at 95°C for 30 sec, annealing for 1 min, and extension at 72°C for 4
min. Final extension was at 72°C for 10 min. Annealing temperatures for both Touchdown I and

11 protocols are given in Tables 1-3.




The next step involved identifying the optimal touchdown protocol and corresponding
annealing-temperature range for each of the 14 multiplex panels. Choice of touchdown protocol
was based primarily on reliability of scoring PCR products at all microsatellites in a given panel,
We also evaluated different concentrations of PCR reagents (including primers) to determine
optimal conditions for each panel. Optimal PCR reactions across all panels were comprised of
1.5ul of DNA (approximately 50ng), tpul of 10X reaction buffer [S00mM KCI, 200mM Tris-HCl
(pH 8.4)], 2mM MgCl,, 2.5mM of each ANTP, 0.75 units 7ag DNA polymerase (Gibco BRL),
and various quantities of primers. Concentrations of different primers were adjusted relative to
obtaining homogeneous amplification-product intensity at each microsatellite within a given
panel, achieved by raising and lowering primer concentrations in response to PCR outcomes.
Final volumes in all PCR ‘cocktail” reactions were adjusted with double-distilled water to bring
total cocktail volume to 11.5u). Optimized PCR protocols for each of the 14 multiplex panels
are given iﬁ Table 1 (red drum), Table 2 (red snapper), and Table 3 (cobia).

Development of the panels required evaluating an initial ‘mega-cocktail’ of PCR primer
compatibility, reagents, and protocols, followed by the testing of primer concentrations to
generate similar quantities of amplified products across all microsatellites. The latter allowed
straightforward scoring of all the microsatellites included in the panels for all three species. The
impetus for the work was the potential reduction in both personnel time (labor) and consumable
supplies generally required for large genotyping projects (Neff et al., 2000). We assessed cost
effectiveness by estimating expenses (in U.S. dollars) of supplies and labor required for running
single microsatellite gels versus four- and eight-microsatellite panels. PCR supplies included
Tag polymerase kits, primers and dyes, dNTPs, 96-well plates, tubes, pipet tips, and mineral oil;

gel supplies included 44 HD Rox size standards, 96-well plates, long ranger singel packs,




sequencing combs, pipet tips, and formamide. The total costs per microsatellite for 96-well
reactions (= 96 samples) was ~$64.00 (single microsatellite gels) versus ~$18.25 (four-
microsatellite panel) versus ~$9.50 (eight-microsatellite panels). Personnel time per
microsatellite (also estimated for 96 samples) was reduced as well: single microsatellite gels
involved ~2.5 hours, whereas four- and eight-microsatellite panels involved ~45 minutes and
~30 minutes, respectively. The estimates of personnel times were based on an experienced

research assistant,

3. Synopsis

Multiplex panels of nuclear-encoded microsatellites were developed for three species of
marine fishes of interest to aquaculture: red drum (Sciaenops ocellatus), red snapper (Lutjanus
campechanus), and cobia (Rachycentron canadum). Optimization of each panel resulted in
efficient assay and unambiguous scoring of microsatellites in all three species. The multiplex
panels can be utilized in a variety of applications, including strain and hybrid identification,
parentage assignment, pedigree reconstruction, estimating genetic diversity and/or inbreeding,
mapping of quantitative trait loci, and marker-assisted selection. We presently are using the red
drum panels drum to identify parentage in ‘common-garden’ experiments to estimate heritability
of juvenile growth rates and thermal toterance in red drum; the red snapper panels are being used
to study stock-structure and genetic-effective size of ‘wild’ red snapper in the northern Gulf of

Mexico.
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Table 1

Multiplex panels for red drum (Sciaenops ocellatus) developed from 31 microsatellite primers.
Primer quantities (in picomols) and fluorescent labels (ABI dye) are given for finalized PCR
cocktails. Allele size ranges are given for each microsatellite as previously described in Saillant et
al. (2004). The multiplex PCR protocol and annealing temperatures (°C) for each panel are shown in
the far right column; further description of the PCR protocols is given in the text. PCR primer

sequences for each microsatellite may be found in Saillant et al. (2004).

Panel Microsatellite Quantity ABIdye :}ﬁa Il‘egzig; T;‘;ﬁ?::gn
1 Soc412 4.3 HEX 102-168 Touchdown I
Socd16 3.2 NED 141-181 55°-49.5°
Soc417 0.7 6-FAM _86-1 12 49°
Soc423 0.6 6-FAM 172-208
Socd28 2.7 HEX 172-242
Soc445 35 6-FAM 134-166
2 Soc60 2.2 6-FAM 151-163 Touchdown I
Soc140 0.5 NED 132-144 55°-49,5°
Soc201 9 HEX 224-243 49°
Soc243 2 6-FAM 94-106
Soc419 1.4 6-FAM 238-260
3 Socl9 5 6-FAM 195-267 Touchdown I
Soc85 2.3 6-FAM 80-122 60° - 54.5°
Socl38 4.5 HEX 77-123 54°
Socl56 0.4 6-FAM
Soc 206 0.8 NED 246-265
Soc410 2.7 6-FAM 306-344
4 Socll 1.6 6-FAM 217-240 Touchdown II
Soc83 9 HEX 114-142 62°
Soc99 22 NED 131-209 56°

Socd(7 9 6-FAM 139-157 54°




Socd?24

Soc400
Soc402
Socd04
Socd15
Socd32

Socd4
Soc401
Soc433
Socd44

LV S o R WS

0.8

37
0.7

HEX

6-FAM
HEX

6-FAM
HEX
HEX

HEX
HEX
6-FAM
HEX

204-230

245-266
134-164
150-212
187-235
98-118

211-271
174-206
84-102
161-165

13

Touchdown I
55°-49.5°
49°

Touchdown II
56°
52°
50°
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Multiplex panels for red snapper (Lutjanus campechanus) developed from 20 microsatellite

primers. Primer quantities (in picomols) and fluorescent labels (ABI dyes) are given for

finalized PCR cocktails. Range in allele size is based on work in our laboratory. The multiplex

PCR protocol and annealing temperatures (°C) for each panel are shown in the far right column;

further description of the PCR protocols is given in the text. PCR primer sequences for

microsatellites with prefixes Lca and Prs may be found in Gold et al. (2001). PCR primer

sequences for microsatellites Ra6, and Ra7 may be found in Bagley and Geller (1998).

Panel  Microsatellite  Quantity ABI dye ;}lae l;g:i:: T;‘:ﬁ'::g:"
1 Lead3 5 6-FAM 162-192 Touchdown II
Prs260 0.9 6-FAM 111-129 56°
Prs55 2.7 HEX 180-208 53°
Prs229 0.9 HEX 123-137 50°
Prs248 1.3 NED 212-260
Prs303 0.6 NED 124-150
Lea20 5 6-FAM 203-223
2 Prs275 4 6-FAM 133-150 Touchdown 11
Prs137 7 6-FAM 155-185 54°
Prs328 0.9 6-FAM 196-214 52°
Prs282 5 HEX 113-143 50°
Prs221 4 HEX 220-266
Rabt 2 NED 112-130
Leabd 52 HEX 151-181
3 ' Lea91 5 6-FAM 130-144 Touchdown I
Lea22 4 6-FAM 228-258 56° - 50.5°
Prs333 0.7 HEX 156-157 50°
Prs240 1.4 HEX 193-223
Leal(7 4 HEX 96-120
Ra7 1.6 NED 145-167
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Multiplex panels for cobia (Rachycentron canadum) developed from 35 microsatellite primers.

Primer quantities (in picomols) and fluorescent labels (ABI dye) are given for finalized PCR

cocktails. Allele size ranges are given for each microsatellite as previously described in

Renshaw et al. (2005). The multiplex PCR protocol and annealing temperatures (°C) for each

panel are shown in the far right column; further description of the PCR protocols is given in the

text. PCR primer sequences for each microsatellite may be found in Renshaw et al. (2005).

Panel Microsatellite Quantity ABI dye ;?‘;Eii]:e T;‘:ﬁ?::;;n
1 Rcal B-EOSA 1.1 6-FAM 181-229 Touchdown II
Recal-E05 8 NED 221-261 55°
Real-E04 0.7 HEX 215-237 53°
Real-All 2.5 NED 165-201 51°

Real-E1l 4.5 HEX 167-183
RcalB-G10 1.1 6-FAM 153-155

2 Real-D11 0.9 6-FAM 204-212 Touchdown II
RecalB-F06 2.2 HEX 260-308 55°
Recal-B12 1.2 NED 176-196 53¢
Real-DO08 1.1 6-FAM 172-178 51°
Real-F11 0.5 6-FAM 119-123
RealB-FO7 0.8 HEX 131-143
Real-F10 1.6 NED 287-351

3 RcalB-A10 0.4 6-FAM 169-187 Touchdown 11
RealB-EQ2 4 6-FAM 297-315 60°
Recal-H10 1.2 HEX 119-139 57°
Rcal-A04 1.8 HEX 196-206 54°
Rcal-GO5 1.9 HEX 269-285
Rcal-D07 1.5 NED 154-162
Real-FO7 1.9 NED 235

4 RcalB-EO8B 0.8 6-FAM 117-123 Touchdown II




Real -FO1
Real-D04
Real-HO4A
Real-G02
RcalB-D0OY
Rcal-HO8

RecalB-C06
RcalB-D10
RealB-E06
RcalB-H09
Recal-A08
Real-C04
Real-E06
Recal-HO1

6-FAM
HEX
HEX
HEX
NED
NED

6-FAM

6-FAM
HEX
HEX

6-FAM
NED
NED
NED

199-205
125-131
156-162
240-244
168
273-299

336-404
143-223
305-327
168-224
287-321
217-253
144-186
275-311

60°
57°
54°

Touchdown |
50° - 44.5°
44°
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expectations, possibly due to the presence of null alleles, Levels of allele and gene diversity
(expected heterozygosity) were lower, on average, than values reported previously for other
marine fishes.
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Abstract

Twenty nuclear-encoded microsatellites from a genomic DNA library of cobia, Rachycentron
canadum, were isolated and characterized. The microsatellites include two tetranucleotide,
one trinucleotide, three combination tetranucleotide/dinucleotide, nine dinucleotide, and
five imperfect (dinucleotide) repeat motifs. Gene diversity ranged between zero to 0.910;
the number of alleles among a sample of 24 fish ranged from one to 15, Cobia support an
important recreational fishery in the southeastern United States and recently have become
of interest to aquaculture. The microsatellites developed will be useful tools for studying
both population genetics (e.g. stock structure, effective population size) and inheritance of

traits important to aquaculture.

Keywords: cobia, genomic library, microsatellites, polymerase chain reaction primers, Rachycentron

canadum
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Cobia, Rachycentron canadum, is an economically important,
pelagic fish distributed in tropical warm waters worldwide
(Shaffer & Nakamura 1989). It is a highly prized food and
recreational trophy fish, and is considered a prime can-
didate for aquaculture (Benetti et al. 2003). Because of the
popularity of cobia as a ‘game’ fish, methods to identify or
distinguish products harvested in cobia aquaculture from
‘wild’ stocks will be needed in order to ensure legal sale
and alleviate potential conflicts. Nuclear-encoded micro-
satellites (Weber & May 1989) are especially well suited
for this purpose because of their codominant, Mendelian
inheritance and their high levels of polymorphism. Micro-
satellites also have many applications in breeding programs
(Garcia de Leon et al. 1998) and for assessing population
structure of ‘wild” populations as a means to improve assess-
ment and allocation of resources. In this note, we report the
development from a genomic library of cobia DNA of
polymerase chain-reaction {PCR) primers for 20, nuclear-
encoded microsatellites.

Correspondence: J. R Gold, Fax: + 1979 8454096; E-mail:
goldfish@tamu.edu

Whole genomic DNA was extracted from cobia muscle
tissue using a standard phenol-chloroform method and
digested with Dpnll (New England BioLabs). Fragments
ranging in size from 500 to 2000 bp were size selected
by extraction from a 1% agarose gel and purified using
a gel extraction kit (Qiagen). Fragments were ligated
into a BamHI (New England BioLabs) digested and depho-
sphorylated (Calf Intestinal Alkaline Phosphatase, New
England BioLabs) pBluescript vector using T4 DNA ligase
{New England BioLabs) and transformed into XL10-Gold
ultracompetent cells (Stratagene). Transformed cells were
plated on X-Gal—IPTG Luria-Bertani (LB) agar with 50 pg/
ml of ampicillin and grown overnight at 37 °C. Recom-
binant colonies were picked using a GENETIX QBOT, inoculated
into 384 well plates that contained 50 gL of LB freezing
media [36 mm K;HPO,, 13.2 mm KH,PC,, 1.7 mm sodium
citrate, 0.4 mm MgS0,, 6.8 mm (NH,),50,, 44% (v/v) glycerc],
50 pg/mL ampicillin, LB], and incubated overnight at 37 °C
before freezing at —80 °C,

A total of 19 200 clones (50 x 384-well plates) were
spotted ina 4 x 4 array onto 22.5 cm x 22.5 cm Hybond nylon
membranes {Amersham), with each clone being spotted
twice to eliminate false positives. Membranes were placed

© 2005 Blackwell Publishing Ltd




on LB agar plates with 50 ug/mL of ampicillin and incu-
bated at 37 °C until colonies were approximately 1-2 mm
(18-24 h). Membranes were placed on chromatography
paper (3M} and soaked as follows to fix colonies: 10% SDS
for 3 min, denaturing solution (1.5 mm NaCl, 1.5 Tris) for
5 min, and 2 x 85C for 5 min. Filters were incubated for5h
at 65 °C.

Resulting colonies were probed with two cocktails of
{gamma] 32P-labelled oligonucleotides: (i) tetranucleotides
[GATA],, [CATA], [GACA) and trinucleotide [CAA],,
and (ii} trinucleotides [GAA]y, [TAA},, and dinucleotides
[GA],; and [CA];;. A total of 164 positive clones were
screened as follows. Frozen glycerol stocks arrayed in 96-
well plates were used to inoculate 1 mL cultures of Luria
Broth selective media (ampicillin) and incubated overnight
at 37 °C. Plasmid DNA was isolated (alkaline lysis) with a
BioRobot 8000 (QIAGEN, CA). Miniprep DNA was quan-
tified, normalized, and both strands sequenced, using
M13 forward and reverse sequencing primers and ABI
BigDye Terminator v3.1. Products were purified and electro-
phoresed on an ABI 3100 DNNA Analyser (Applied Bio-
systems, CA). Phred (CodonCode, MA)} was used for DNA
sequence base calling and vector trimming. A total of 54
complete sequences containing microsatellite arrays were
obtained from the positive clones. Three of the clones
contained two repeat sequences from which primer pairs
were designed. A total of 45 primer pairs were developed
using amMPLIFY 1.2 (Engels 1993) and Netprimer® (http://
www.premierbiosoft.com/netprimer),

Unlabelled PCR primers were purchased from Invitro-
gen (Carlsbad, CA) and tested for amplification by screen-
ing DNA isolated from eight individuals obtained from
offshore of Ocean Springs, Mississippi. PCR amplifications
were performed in 10 pL. reaction velumes containing 1 gL
(100 ng) DNA, 1pL 10x reaction buffer (500 mm KCl,
100 mm Tris, 10% Triton-X 100), 0.1 U of Tag DNA poly-
merase (Gibco-BRL), 0.5 pm of each primer, 200 pm of each
dNTP, and 1 mm MgCl,. PCR conditions consisted of an
initial denaturation of 94 °C for 3 min, followed by 30
cycles of denaturation at 94 °C for 30 s, annealing at 45 °C—
65 °C for 45 s, extension at 72 °C for 1 min, and a final
extension at 72 °C for 10 min. PCR products were electro-
phoresed ina 2% agarose gel, stained with ethidium bromide.
Once appropriate annealing temperatures for each primer
were determined, microsatellite arrays were tested for
polymorphisms by end-labelling (using T4 polynucleotide
kinase) one primer from each pair with [y3P]-dATP and
employing the same conditions as above. PCR products
were electrophoresed in 6% polyacrylamide gels and visu-
alized by autoradiography; 20 microsatellite repeats were
chosen for further screening {Table 1). These microsatel-
lites included cne trinucleotide, two tetranucleotide, three
combination tetranucleotide/dinucleotide, nine dinucleotide,
and five imperfect dinucleotide repeats. Two of the micro-
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satellites were on the same clone, Roz1B-E08A and RealB-
E08B. Lengths of cloned alleles ranged in size from 122 to
308 base pairs. Optimal annealing temperatures ranged
from 48 °C-60 °C.

Screening involved a total of 24 cobia obtained from off-
shore of Ocean Springs, Mississippi. One primer from each
pair was fluorescently labelled with one fluorescent label
of set D (Applied Biosystems) for run on an automated
sequencer ABI-377. Alleles were sized using the GENE-
scaN® 400 HD Size Standard (Applied Biosystems); allele
sizing and calling were performed using GenEscan® 3.1.2
and GENOTYPER®, version 2.5 software. Genetic variability of
the markers was measured by the number of alleles, gene
diversity (expected heterozygosity), and the observed hetero-
zygosity. Wright's Fi;, estimated as Weir and Cockerham’s
f in Genetic Data Analysis (GDA) (Lewis & Zaykin 2001),
was used to measure departure of genotype proportions
from Hardy-Weinberg expectations at each microsatellite.
Fisher exact tests, as performed in GDA, were used to test sig-
nificance of departures from Hardy-Weinberg equilibrium
{genotype) expectations at each microsatellite and for depar-
ture from genotypic equilibrium at pairs of microsateltites.
The effect of Hardy-Weinberg departures (within locus
disequilibrium} on significance of between locus linkage
disequilibrium tests was removed by preserving geno-
types in GDA (Lewis & Zaykin 2001).

Summary data are presented in Table 1. The number
of alleles detected per microsatellite ranged from one to
15. Expected heterozygosity ranged from zero to 0.910,
while observed heterozygosity ranged from zero to 0.957.
Genotypes at four microsatellites deviated significantly
from Hardy-Weinberg expectations following sequential
Bonferroni correction (Rice 1989). Three of the microsatellites
exhibited heterozygote deficiency {Ren 1B-F086, Fig = (1.324;
Rea 1-B12, Fig = 0.578; and Ren 1-E06, Fyg = 0.468), while one
(Rea A-10) exhibited heterozygote excess (Fi; = —0.079). All
pairwise comparisons of microsatellites did not deviate
significantly from genotypic equilibrium following Bonfer-
roni cotrections (Rice 1989). The 20 microsatellites developed
in this work will prove useful in future studies of population
genetics and quantitative genetics of ‘wild’ and domesticated
cobia, respectively.
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86 PRIMER NOTE

Table 1 Summary data for microsateliites developed from cobia, Racliycentron canadwm

Microsatetlite Primer sequence (5'-3'%* Repeat sequencet T, N{/N,§ SizeRangej . Hp/Hg™ Prwtt

Rca 1B-A10 GCAGCCCAATGCTAACARGCCTT (GTT), 60 24/4 174-186 0.735/0.792  0.003
CATGTAGTCAAGCGAGCCACG

Rea 1B-D09 CAGCCTGCTTAGCOTATCA (ETH(CTETHICTHET), 60  23/1 169 0.000/0.000  1.000
GRAGGATGGACCACTTGTGAC

Rea 1B-EO2 GTGTTACAGCCAAATGCTA, (CT)q 60 2477 298-314 0.598/0.667 0.483
CTCCCTAGTGCCACTACAGETC

Rca 1B-EOSAES  CATATCARGTCARTATCACAGACC (CA)GA(CA)A(CA),, 55  24/5 181-225 0.582/0.458  0.030
CCACGGAATAGCAGACTTTCTC

Rca 1B-E08B GCAGTTGATTCTGATTGCTACAL CA)3GA(CR), 60 24/2 120-122 0.496/0.417 0672
CTAATGCCAGCTCATTATGTCC

Rea 1B-Foe CAAGCARATGCGTGGCCGA {CTAT); 55 24/11 260-300 0.796/0.542  0.000
CGTTAGCAACCACACGAGCTTC

Rer 1B-FO7 GGAATCTGGTGFTAAGTCAT (Gaca) (ca),, 55 24/3 132-140 0.082/0.083  1.000
CTGTGGCTGAAGCGTGTGTT

Rea 1B-G10 GGAAACTCTATAACAGCATOTC (CTTT(CT), 55 2372 154-156 0.043/0.043  1.000
GTAGACAGAGCAACACATGAG

Rea 1B-H09 CATGTTATTCTCCAACTCATGG (GATA),, 48 23/12 176224 0.910/0.957  (.351
GTGTATCCGCATACTTTCAG

Rea 1-A04 CACGCACATCCACTACTTTAACC (CA)((CACT), 60 24/e 196-206 0.722/0.625 0095
GCTGTTGATGTGGCGAAGCAAC

Rea 1-A11 CTACAGTGRTOTTCCCTGTTAG 6Ty, 55  24/15 167-201 0.889/0.792  0.271
CAGTACATAGAGAAACAGGAGG

Rea 1-B12 GCTTCAGGCAAITGAGACC (AC), 55  24/7 177-193 0.780/0.333  0.000
GGGAGGTAATTATGTCOTCT

Rea 1-C04 GACATCAAGTGGCACTTTG {GTh, 48 24710 223-253 0.641/0.667 0.188
CACTAAACTTGTTCCTCCTG

Rea 1-D04 GCTGAACTTGTCECCGCT (TG)gAC(TG); 60 24/3 125-129 0.551/0.667 0.723
GGACTCGAACCTCCCTATCCTC

Rea 1-D11 COTAACACCTTTGGARGACATC (GT), 55 24/4 204212 0.295/0.333 1.000
CPCCATTGAGGCTGACTAGTG

Rea 1-E04 CCARGRACAGGCGGGCARC {Ca)g8 bp(Ca); 55  23/4 216-238 0.336/0.391  1.000
GCCACCATTGTGTGTGGGTCA

Rea 1-E06 GOCACCAATCACTCACTACTS (CA)yy 48 24/10 144-188 0.853/0.458  0.000
TGTTGAGGTCTATCAGTGCC

Rea 1-E11 GTCCCAGCTCCAGCCCAAALC (ca), 55 23/7 167-181 0.757/0.783 0245
GACACTGGCTGCGTGAGCA

Rea 1-FO1 GCTCATTTCACTAAGTQTOTTGTAGC  (TG)), 60 24/2 202-206 0.120/0.125  1.000)
CCATGAATCTACATTCACCTGCCA

Rea 1-G05 GEGCTITCTECTEECTGTAR &y, 60 2477 274-282 0.697/0.667 0.148

GCATCTGTGCTCCTGGTGAGAGTCCC

*Primer sequences are forward (top) and reverse (bottom); tRepeat sequence indicates the repeat motif; T, is annealing temperature in °C;
IN is the number of individuals assayed; §NA is number of alleles detected; §Size range refers to alleles thus far uncovered; **Hg and Heare
expected and observed heterozygosity, respectively; ++PHW represents the probability of deviation from Hardy-Weinberg expectations
{significant values after Bonferroni correction are in bold) and sequences of clones are listed in GenBank {(Accession numbers AY721664—
AY721682); §§Primers Rea 1B-E08A and Rea 1B-E08B were developed from the same clone; T4 The fluorescently labelled primer is in bold.
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Microsatellite Markers for Cobia, Rachycentron canadum
M. A. RENSHAW, C. L. PRUETT, E. SAILLANT, J. C. PATTON,

C. E. REXROAD III, AND J. R. GOLD

Polymerase chain reaction (PCR) primers are reported for 35 nuclear-encoded
microsatellites developed from a genomic library of cobia (Rachycentron canadum). All 35
microsatellites were tested for reproducibility and polymorphism, using 24 cobia sampled offshore
off Ocean Springs, Mississippi. Thirty-three of the microsatellites were found to be polymorphic;
genotypes at seven of these differed significantly from Hardy-Weinberg (HW)expectations, possibly
due to the presence of null alleles. Levels of allele and gene diversity (expected heterozygosity) were
lower, on average, than values reported previously for other marine fishes. The 26
microsatelliteswhose genotypes were in HW equilibrium should provide usefultools for future

studies of cobia relating to both stock-assessment and aquaculture.

Cobia, Rachycentron canadum, is a migratory, coastal pelagic fish distributed in tropical and

subtropical warm waters worldwide exceptfor the eastem_Paciﬁc (Shaffer and Nakamura, 1989). The
species constitutes an important recreational fishery in the Gulf of Mexico (Brown-Peterson ef al., 2001),
and is caught incidentally in the commercial fishery (Shaffer and Nakamura, 1989). Interest in cobia
aquaculture in the U.S. has been spiked recently by successes in captive spawning and larval rearing
(Dodd, 2001), and it has been suggested (Bridger and Costa-Pierce, 2002) that cobia may be an ideal

species for offshore cage culture.




In this note, we report optimized polymerase-chain-reaction (PCR) primers for 15nuclear-encoded
microsatellites developed from a cobia genomic library. Briefly, microsatellites are short stretches of
nuclear DNA composed primarily of di-, tri-, and tetranucleotide repeats inherited in a codominant
(Mendelian) fashion and distributed throughout euchromatic regions of chromosomes (Weber and May,
1989; Weber, 1990; Wright and Bentzen, 1994). Microsatellites also accumulate mutations fairly rapidly
(Shug et al., 1998), making them ideal genetic markers for a variety of applications ranging from
stock-structure analysis of ‘wild” populations (Gold and Turner, 2002; Zatcoff et al., 2004) to parentage
assignment and pedigree reconstruction in domesticated populations (Wilson and Ferguson, 2002; Jones
and Arden, 2003). Included in this note are summary data for 20 other microsatellites for cobia
developed in our laboratory by Pruett et al. (2005), The summary data for all 35 microsatellites include
number and size of alleles detected, observed and expected heterozygosity, and results of tests of
conformity to Hardy-Weinberg equilibrium expectations at each microsatellite. The summary data are
published here to allow convenient access to all PCR primers and other data.

Details regarding genomic library construction, ligation of size-selected (500-2,000 base pair)
fragments into cloning vectors, and transformation into competentEscherichia colicells may be found in
Pruett et al. (2005). A total of 19,200 clones were hybridized with cocktails of oligonucleotide probes,
and 164 positive clones were sequenced. A total of 54 clones containing microsatellite motifs were
identified; 43 primer pairs were designed from sequences flanking the microsatellites by using the
programsAMPLIFY 1.2 (Engels, 1993) and NETPRIMER® (http://www.premierbiosoft.com/netprimer).
Optimization of PCR protocols was carl_'ied out on DNA from eight individuals. PCR amplifications were
performed in 101 reaction volumes, consisting of 11 (~25 ng) DNA, 1l of 10X reaction buffer

(500mM KCl, 100mM Tris, 10% Triton-X 100), 0.1U of Tag DNA polymerase (GibcoBRL), 0.5uM of

each primer, 200uM of each dNTP, and 1mM MgCl,y. PCR conditions consisted of an initial

denatﬁration of 940C for 3 minutes, followed by 30 cycles of denaturation at 94°C for 30 seconds,




annealing at optimized temperature (Table 1) for 45 seconds, extension at 72°C for 1 minute, and a final

extension at 720C for 10 minutes.

The primer-pair sequences (forward on top, reverse on bottom), microsatellite motifs (repeat sequence),
size of cloned alleles, and optimized annealing temperatures (AT) are given in Table 1.The suite of 35
microsatellites includes 26 di-, one tri-, and four tetranucleotide repeat motifs; four of the microsatellites contain
complex repeats (i.e., a combination of different repeat motifs). Genotypes for all 35 microsatellites were acquired

from 24 cobia sampledoffshore of Ocean Springs,Mississippi. The number of assayed individuals (N), the number
of alleles (Ay), and the range in size of detected allelesfor each microsatellite also are given in Table 1.
Thirty-three of the microsatellites were found to be polymorphic; the average number of alleles per polymorphic
microsatellites was 7.1 (range = 2-17). Estimates of observed (Hp) and expected (HE) heterozygosity were

computed using GDA (Lewis and Zaykin, 2001) and are given in Table 1. For the polymorphic microsatellites,
average observed heterozygosity was 0.496 (range = 0.000--1.000), while the average expected heterozygosity was
0.563(range = 0.043-0.943). The average number of alleles and average expected heterozygosity (also called gene

diversity) per microsatellite are lower than averages reported previously by DeWoody and Avise (2000) for several
species of marine fishes. Probabilities of departure from Hardy-Weinberg equilibrium expectations (PHw) were

computed using exact tests, as implemented in GDA (Lewis and Zaykin, 2001) and also aregiven in Table 1.
Genotypes at seven of the microsatellites differed significantly from Hardy-Weinberg equilibrium expectations
following (sequential) Bonferroni correction for multiple tests performed simultaneously (Rice, 1989). Results of
analysis by MicrocHECKER (Van Qosterhout et al. 2004) indicated that six of these seven microsatellites (all but Rea
1B-E06) had a general excess of homozygotes for most allele-size classes, suggesting the presence of null alleles.
The 26 microsatellites whose genotypes were in HW equilibrium should prove extremely useful in future studies of
cobia relating to both stock-assessment and aquaculture. The use of microsatellites as selectively neutral genetic
markers to assess geographic boundaries and genetic diversity of “wild” stocks is well reviewed in Wright and
Bentzen (1994) and Carvalho and Hauser (1995); the use of microsatellites in aquaculture includes parentage
assignment, pedigree reconstruction, mapping of quantitative trait loci, and marker-assisted selection and is well

reviewed in Liu and Cordes (2004).




ACKNOWLEDGEMENTS

We thank J. Franks of the Gulf Coast Research Laboratory and J. Graves of the Virginia Institute of Marine
Sciencefor assistance in obtaining samples, and C. Bradfield and P. Berry for technical assistance in the laboratory.
Work was supported by the Saltonstall-Kennedy Program of U.S. Department of Commerce (Grant NA1 TFD2371)
and by the Texas Agricultural Experiment Station (Project H-6703). We thank Blackwell Publishing for permission
to use material in the publication authored by Pruett et al. (2005). This paper is number 45 in the series ‘Genetic
Studies in Marine Fishes’ and Contribution No. 132 of the Center for Biosystematics and Biodiversity at Texas

A&M University.




LITERATURE CITED
BRiDGER, C. J., aND B .A. Costa-PiERCE. 2002, Sustainable development of offshore aquaculture in the Gulf of
Mexico. Gulf Carib. Fish. Inst. $3:255-265.

Brown-PETERSON, N. J.,, R. M. OVERsTREET, J. M. Lo1z, J. 8. Franks, AND K. M. BURNS. 2001, Reproductive biology of

cobia, Rachycentron canadum, from coastal waters of the southern United States. Fish. Bull. 99: 15-28.

CarvaLio, G. R., anp L.HAUsSER. 1995, Molecular genetics and the stock concept in fisheries, p. 55-79. In:
Carvalho GR, Pitcher TJ (eds) Molecular genetics in fisheries. G. R. Carvalho and T. J. Pitcher (eds).
Chapman and Hall, London.

DeWoopy, 1. A., anp J. C. Avise. 2000, Microsatellite variation in marine, freshwater, and anadromous fishes
compared with other animals. J. Fish. Biol. 56:461-473,

Dopp, Q. 2001. US cobia culture meets early success. Hatchery Internat. 2: 14-17.

EnceLs, W. R. 1993. Contributing software to the internet; the AmpLIFY program. Trends in Biochemical Sciences
18:448-450.

Goip, ). R., anp T. F. Turner. 2002. Population structure of red drum (Scicenops ocellatus) in the northern Gulf of

Mexico, as inferred from variation in nuclear-encoded microsatellites. Mar. Biol. 140; 249-265.

Jones, A, G., axp W. R. ArRDEN. 2003. Methods of parentage analysis in natural populations. Mol. Ecol.
12:2511-2523.

Lews, P. O, anp D, D. Zaykin, 2001, Generic DaTa ANALYSIs (GDA): computer program for the analysis of allelic

data. Version 1.0 (d16c). Available at http://lewis.eeb.uconn.edw/lewishome/software.html.

L, Z. J.,anp J. F. Corpes. 2004. DNA marker technologies and their applications in aquaculture genetics.

Aquaculture 238; 1-37.

PruztT, C. L., E. SAILLANT, M. A. RensHaw, J. C. PattoN, C. E. RExroADIII, anD J. R. Gotb, 2005. Microsatellite
DNA markers for parentage assignment and population-genetic studies in cobia, Rachycentron canadum. Mol.

Ecol. Notes 5: 84-86.
Rice, W. R. 1989. Analyzing tables of statistical tests. Evolution 43:223-225.

SHAFFER, R. V., aND E. L. Nakamura. 1989. Synopsis of biological data on the cobia Rachycentron canadum (Pisces:
Rachycentridae). U.S. Department of Commerce, NOAA Technical Report NMFS 82, FAO Fisheries Synopsis
153, Rome, Italy.

SHuG, M. D., C. M. HUTTER, K. A. WETTERSTRAND, M. S. GAUDETTE, T. F. C. Mackay, anp C. F. Aquapro. 1998. The
mutations rates of di-, tri-, and tetranucleotide repeats in Drosophila melanogaster. Mol. Biol. Evol.

15:1751-1760.




Van OosternouT, C., W. F. HuTcHinson, D. P. M. WILLIS, aNp P, SHIPLEY. 2004, Micro-CHECKER: software for

identifying and correcting genotyping errors in microsatellite data. Mol. Ecol Notes 4: 535-538,

WeBER, J. L. 1990. Informativeness of human (dC dA);, (dG dT),, polymorphisms. Genomics 7:524-530.

» ANDP. E. May. 1989. Abundant class of human DNA polymorphisms which can be typed using the
polymerase chain reaction. Am. J. Hum. Genet. 44; 388-396.

WiLson, A. J., aND M. M. Ferguson. 2002. Molecular pedigree analysis in natural populations of fishes: approaches,

applications, and practical considerations. Can. J. Fish. Aquat. Sci. 59:1696-1707.

WRIGHT, A. ., aND P. BENTZEN. 1994. Microsatellites: genetic markers for the future. Rev. in Fish Biol. and Fisheries

4: 384-388.

Zatcorr, M. S, A. O. BaLL, aND G. R. SeDBERRY. 2004. Population genetic analysis of red grouper, Epinephelus morio

, and scamp, Mycteroperca phenax, from the southeastern U.S. Atlantic and Gulf of Mexico. Mar. Biol. 144;
769-777.

CENTER FOR BIOSYSTEMATICS AND BIODIVERSITY, DEPARTMENT OF WILDLIFE AND FISHERIES SCIENCES, Thxas A&M University, C

OLLEGE STATION, TX 77843-2258, USA.




LLDLOLDIOYYDIIDOLOED

0001 780°0/£80°0 6EI-EEL £ ¥z 5§ op! t(y2)%(vovn) LVILOVOLOOLODLILYVDD Lod-d1 ooy
DLLDOVOIVIVIIVYIOV.LLOD

0000 96L0/TKSO 00092 | A SR A < ¥ 897 SlLv1) VOIIDDLOIDLYYYIOVYD 90d-d1 b2y
JDLOLV.LLYOLIOVIOIDLVYLD

690 QLSO/8STH O £Z1-121 z vZe 09 Tl €voivol(v))  OVOVLIDLLYODLILLYDLIOVID g30d-91 02y
JLILLLIVOVIDVLYVDDIVID

8700  IBSO/8SF 0 $TT-181 s | 74NN S 9 LTz . Iy v H v IIVOEIN DV IV ILVLYVILOVVILVIVD Ve0a-41 vy
LI2DLIOVIVLIVIIOLOVLIIOD

00000  S65°0/ST9 0 LTE-SOE 8 vT  s¥ Plt 8lOD VI2IDVIOLLDLOLOVILVDD 903-d1 P2y
JLODVIVIIVIIOLOVLIOILD

€050 365°0/L990 €1€-L6T L v 09 80¢ 810 V1DOLVYVISOVIOILD1D 0a-91 P2y
YOVOVIVOVYVOOLVIDLOLYD

L6S0  £F6'0/000'[ £TT-EY1 L1 ¥ 05 161 Slavid) VILVVIIVIOLIODLOVYID ora-di vy
JYOLOLLOVIOVOODLVDOVYD

000'1  000°0/0000 891 1t L9t HLoYX(L(1L0 10 ¥OLVIID0VLLIDLIDDVD G0C-91 2oy
LI2LIOVIVIIVYLLOVYDLLIOD

OLE0  +O60/0L8°0 ¥OF-OpE 3 I AN 11 9yt 6vivo) VOVVILILIDLOIVLYIOVID 900-d1 voy
DOVIIOVOIOVYILOVLOLYD

000°C¢  CTLOLIVO LB1-691 9 pT 09 031 HLLD) DODVVIVVLIODLYVYIDDOVID oiv-d1 oy

(sned 2seq) (saed aseq)
ety I2e J[3}[e pAuopd a2]2]je pauopd
MH g HyOpn a8uey Ny N 1V Joozig Jo asuanbas teadoy (.£¢.5) seouanbas ounud Yo d IU[AIESOINN

"Plog ur are suontodosd pajoadxa Graquiap-ApIeH WoL SUCHEIASP ESYIURIS ZZO0SSAV-8000S8AY PUB Z89TZLAV-Y99IZLAY SIOQUINN
UOLSS300Y JUBEUAL) JOPUN PIST] 2l S3u0]d Jo saousnbag -auo(d s[fws e woly padofoasp 219m FR0-€1 PIY PUR VYOI~ P2y slounlg -(WoNoq) asiaaal
pue (do1) premiof are sasusnbas sownd Y4 -Amiqi| snmousd (unppups uoauaoGooy) e1qod e wox padoaasp SIUI2IESOIONM $f 10] BIEp ATRPUNUMS ° JlqE]




9401

860

6920

610

S800

000°(

700

0001

000°1

9£T0

400°0

000’0

LLLO/EBS O

969°0/80L°0

0S$°0/L99°0

£88°0/978°0

159°0/L99°0

EF00/EV00

<80°0/0000

€T O/1970

000°0/000°0

[ARVIYARY

LSL0/E8L0

978°0/35v0

89LO/THE O

6tl-6l1

66T-£LT

791961

[1£-8LT

£8C-6LT

PrIOre

[Ti-611

L6TL8T

SET

$0z-10T

181-£91

Erilad|

65T°1vC

4

4

¥

¥z

14

|74

£

174

£z

£

I£4

4

¥

14

09

0%

14

s¢

159

09

5

4

113

tyd}

8LC

191

867

082

8T

[£al

LT

SET

861

€Ll

08t

8P

(v

081

81(10)

LE(y D)

o)

LALAT))

SvoIvv(vo)

JVIVYIVIDLIVIDIIVID

JIAL3LO0VOLLLI2LOVIOVD
10DVVYOVIDOLVIVIIOVOVD

VOLIOVIVOVYVDOVLLLIDDD
LOVDVIVIDDLDILVIODVDDD

VOVODVOVDVIOVDVIOLID
OVVOIOVIVVYODOYVYIIILD

JLOVOVDILODLIILOLOLILYID
VVLDLIDDLII0LILOLIDDD

L3DVIVLODLOVOOLYIVDVID
1ID1VILOVVOLOLYIOVDDD

J1VIILLOILILOLYLISD33DD
YOVODOIVDODDLIVIODLLO

VILOLIDLLIOLIOLLOLIOD

#(v 2102w 2)00UNIN VOLOOVOVIVLOLILLODD

©w)00Nv)

oL

iwoy

68(v2)

(v20)

LIOLDLILYYILOLIZDLLDO
LIVIOLLOVDL1IDDOJLVOD

VIODLIOVOLLVIVLIILYYOLVID
JOVIOLLOLOLOVVLOVILLLYILOD

YIOVOLDODLIODLIOVIVD
JVYVIII0VIILIDYIIILD

J0D1OVIIVIDLDOVOLELDL
DLV LIOVILIVILVYIOVIDD

YOOVIOLIIIOLIOVODLOD

Ly 2P (v 000U (WD IVVOLIVOLOIVOVOILOVID

OVH-1 92

SOH-I 22y

VFOH-[ 924

LOH-| B2y

SO oy

o oy

11 ooy

OFd-1 22y

L0d-1 2y

10| P2y

113-1 22y

9031 vy

S0d-1 92y




LIDLIVIVILIVILYIDLDLOD




Gulf of Mexico Science (In press)

Microsatellite Markers for Cobia, Rachycentron canadum
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C. E. REXROAD II1, AND J. R. GOLD

Polymerase chain reaction (PCR) primers are reported for 35 nuclear-encoded
microsatellites developed from a genomic library of cobia (Rachycentron canadum). All 35
microsatellites were tested for reproducibility and polymorphism, using 24 cobia sampled offshore
off Ocean Springs, Mississippi. Thirty-three of the microsatellites were found to be polymorphic;
genotypes at seven of these differed significantly from Hardy-Weinberg (HW)expectations, possibly
due to the presence of null alleles. Levels of allele and gene diversity (expected heterozygosity) were
lower, on average, than values reported previously for other marine fishes. The 26
microsatelliteswhose genotypes were in HW equilibrium should provide usefultools for future

studies of cobia relating to both stock-assessment and aquaculture.

Cobia, Rachycentron canadum, is a migratory, coastal pelagic fish distributed in tropical and

subtropical warm waters worldwide exceptfor the eastern Pacific (Shaffer and Nakamura, 1989). The
species constitutes an important recreational fishery in the Gulf of Mexico (Brown-Peterson et al., 2001),
and is caught incidentally in the commercial fishery (Shaffer and Nakamura, 1989). Interest in cobia
aquaculture in the U.S. has been spiked recently by successes in captive spawning and larval rearing
(Dodd, 2001), and it has been suggested (Bridger and Costa-Pierce, 2002) that cobia may be an ideal

species for offshore cage culture.
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In this note, we report optimized polymerase-chain-reaction (PCR) primers for 15nuclear-encoded
microsatellites developed from a cobia genomic library. Briefly, microsatellites are short stretches of
nuclear DNA composed primarily of di-, tri-, and tetranucleotide repeats inherited in a codominant
(Mendelian) fashion and distributed throughout euchromatic regions of chromosomes (Weber and May,
1989; Weber, 1990; Wright and Bentzen, 1994). Microsatellites also accumulate mutations fairly rapidly
(Shug et al., 1998), making them ideal genetic markers for a variety of applications ranging from
stock-structure analysis of ‘wild® populations (Gold and Turner, 2002; ZatcofT et al., 2004) to parentage
assignment and pedigree reconstruction in domesticated populations (Wilson and Ferguson, 2002; Jones
and Arden, 2003). Included in this note are summary data for 20 other microsatellites for cobia
developed in our laboratory by Pruett et al. (2005). The summary data for all 35 microsatellites include
number and size of alleles detected, observed and expécted heterozygosity, and results of tests of
conformity to Hardy-Weinberg equilibrium expectations at each microsatellite. The summary data are
published here to allow convenient access to all PCR primers and other data.

Details regarding genomic library construction, ligation of size-selected (500-2,000 base pair)
fragments into cloning vectors, and transformation into competentEscherichia colicells may be found in
Pruett et al. (2005). A total of 19,200 clones were hybridized with cocktails of oligonucleotide probes,
and 164 positive clones were sequenced. A total of 54 clones containing microsatellite motifs were
identified; 45 primer pairs were designed from sequences flanking the microsatellites by using the
programsAMPLIFY 1.2 (Engels, 1993) and NETPRIMER® (http://www.premierbiosoft.com/netprimer).
Optimization of PCR protocols was carried out on DNA from eight individuals. PCR amplifications were
performed in 10u1 reaction volumes, consisting of 1l (~25 ng) DNA, 1yl of 10X reaction buffer

(500mM KCl, 100mM Tris, 10% Triton-X 100), 0.1U of Tag DNA polymerase (GibcoBRL), 0.5uM of

each primer, 200uM of each dNTP, and ImM MgCl5. PCR conditions consisted of an initial

denaturation of 94°C for 3 minutes, followed by 30 cycles of denaturation at 940C for 30 seconds,




annealing at optimized temperature (Table 1) for 45 seconds, extension at 720C for 1 minute, and a final

extension at 72°C for 10 minutes.

The primer-pair sequences (forward on top, reverse on bottomy), microsatellite motifs (repeat sequence),
size of cloned alleles, and optimized annealing temperatures (AT) are given in Table 1.The suite of 35
microsatellites includes 26 di-, one tri-, and four tetranucleotide repeat motifs; four of the microsatellites contain
complex repeats (i.¢., a combination of different repeat motifs). Genotypes for all 35 microsatellites were acquired

from 24 cobia sampledoffshore of Ocean Springs,Mississippi. The number of assayed individuals (N), the number
of alleles (A), and the range in size of detected allelesfor each microsatellite also are given in Table 1.
Thirty-three of the microsatellites were found to be polymorphic; the average number of alleles per polymorphic
microsatellites was 7.1 (range = 2-17). Estimates of observed (Hp) and expected (HE) heterozygosity were

computed using GDA (Lewis and Zaykin, 2001) and are given in Table 1. For the polymorphic microsatellites,
average observed heterozygosity was 0.496 (range = 0.000-1,000), while the average expected heterozygosity was
0.563(range = 0.043-0.943). The average number of alleles and average expected heterozygosity (also called gene

diversity) per microsatellite are lower than averages reported previously by DeWoody and Avise {2000) for several
species of marine fishes. Probabilities of departure from Hardy-Weinberg equilibrium expectations (P} were

computed using exact tests, as implemented in GDA (Lewis and Zaykin, 2001) and also aregiven in Table 1.
Genotypes at seven of the microsatellites differed significantly from Hardy-Weinberg equilibrium expectations
following (sequential} Bonferroni correction for multiple tests performed simultaneously (Rice, 1989). Results of
analysis by MicrocHECKER (Van Oosterhout ef al. 2004) indicated that six of these seven microsateilites (all but Rea
1B-E06) had a general excess of homozygotes for most allele-size classes, suggesting the presence of null alleles.
The 26 microsatellites whose genotypes were in HW equilibrium should prove extremely useful in future studies of
cobia relating to both stock-assessment and aquaculture. The use of microsatetlites as selectively neutral genetic
markers to assess geographic boundaries and genetic diversity of ‘wild’ stocks is well reviewed in Wright and
Bentzen (1994) and Carvalho and Hauser (1995); the use of microsatellites in aquaculture includes parentage
assignment, pedigree reconstruction, mapping of quantitative trait foci, and marker-assisted selection and is well

reviewed in Liu and Cordes (2004).
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Microsatellite multiplex panels for genetic studies of three species of marine
fishes: red drum (Sciaenops ocellatus), red snapper (Lutianus campechanus),

and cobia (Rachycentron canadum)
M. A. Renshaw,E. Saillant, S. C. Bradfield, and J. R. Gold*

Center for Biosystematics and Biodiversity, Texas A&M University, TAMU-2258,
College Station, Texas, 77843-2258 USA

Abstract

Multiplex panels of nuclear-encoded microsatellites were developed for three species of marine fishes of
interest to both public and private aquaculture ventures: red drum (Sciaenops ocellatus), red snapper (Lutjanus
campechanus), and cobia (Rachycentron canadum). The multiplex panels will be useful in a variety of applications,
including strain and hybrid identification, parentage assignment, pedigree reconstruction, estimating genetic
diversity and/or inbreeding, mapping of quantitative trait loci, and marker-assisted selection. The panels also will
be useful in studies of stock-structure of ‘wild’ populations. Comparison of costs for expendable supplies revealed
that four- and eight-panel multiplexes reduced expenditures four- and eight-fold, respectively, relative to single

microsatellite gels. Personnel time also was reduced significantly.

Keywords Microsatellites, multiplexes, aquaculture, red drum, red snapper, cobia
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1. Introduction

Microsatellites are hypervariable, nuclear-encoded genetic markers that are widely used in a variety of
aquaculture applications, including strain and hybrid identification, parentage assignment, pedigree reconstruction,
estimating genetic diversity and/or inbreeding, mapping of quantitative trait loci, and marker-assisted selection (Liu
and Cordes, 2004). The large number of microsatellites needed for many of these applicationscan often generate
high costs dueto materials and personnel time. Major cost reduction, however, can be achieved through
multiplexing, the combination of polymerase-chain-reaction (PCR)amplification products from multiple
microsatellitesinto a single lane of an electrophoretic ge! (Olsen er al., 1996;Neff et al., 2000). Multiplexing can be
accomplished through either co-amplification of multiple microsatellites in a single PCR cocktail(Chamberlain e al.
, 1988) orcombination of PCR products from multiple, single amplification reactions (Olsen ef al,, 1996). Ablendof
the two approachescan optimize sample throughput (Devey et al., 2002; Paterson ef al., 2004). Despite
itscost-effective advantages, however,multiplexing is often not employed, apparently because of a general
apprehension that itincreases complexity of microsatellite genotyping (Neff et af., 2000).

In this technical report, we describe simple and straightforward protocols for multiplexing microsatellitesin
each of three species of marine fishes of interest to public and private (commercial) aquaculture: red drum (
Sciaenops ocellatus), red snapper (Lutjanus campechanus), and cobia (Rachycentron canadum). Briefly, red drum
is an estuarine-dependent sciaenid found primarily along the Atlantic and Gulf coasts of the southern United States
(U.S.). Culture, including breeding, of red drum is relatively advanced (Lee and Ostrowski, 2001). Extensive use
by resource management agencies of hatchery-raised red drum to enhance ‘wild” stocks occurs in several southern
states (Grimes, 1998; Smith et al., 2001), especially Texas (McEachron et al., 1995).Commercial{private)
aquaculture of red drum also occurs in the southern U.S. (Lee and Ostrowski, 2001), and in China, Israel, and
Taiwanas well (Lutz, 1999; Hong and Zhang, 2003).Culture of red snapper, a structure- or reef-associated lutjanid
found primarily along the continental shelf of the Gulf of Mexico (Hoese and Moore, 1977),is far less advanced.
Wild-caught adults have been successfully strip-spawned in captivityfollowing hormone inducement (Lee and
Ostrowski, 2001; Riley et al., 2004), and efforts to optimize aquaculture protocols to mass produce fingerlings for
stock enthancement and commercial aquacultureare underway (Chigbu et al., 2002; Riley et al., 2004). In addition,

the grow-out and market potential for red snapper make it ideal for offshore cage culture (Bridger and Costa-Pierce,




2002). Cobia is a nearly cosmopolitan, pelagic species found in tropical and subtropical waters (Shaffer and
Nakamura, 1989). Like red snapper, cobia is relatively new to aquaculture, although in Taiwan, cobia is now
averypopular and profitablefarmed marine fish (Liao ef al., 2004). Recent success in captive spawning and progeny
production in the U.S. (Dodd, 2001) has generated considerable interest in commercial aquaculture of cobia (Lee
and Ostrowski, 2001; Smith et al., 2001).

PCR primer sets for microsatellites in all three species were developed previously for use in stock-structure
analysis of ‘wild* populations: red drum (Saillant et al., 2004); red snapper (Bagley and Geller, 1998; Gold et ai.,
2001), and cobia (Pruett ef al., 2005; Renshaw et al., 2005). Subsets of these microsatellites were used to develop

protocols for the microsatellite multiplex panels described in this report.

2. Materials and multiplex protocols

An alkaline-lysis method (Saillant et al., 2002) was used to purify DNA from tissue samples (fin clips or
internal organs) that had been obtained for prior studies in our laboratory. All tissueshad been fixed in 95% ethanol
and stored at room temperature.

The initial step in designing multiplex protocolstypically involves generating PCR sequences for individual
microsatellites, optimizing annealing temperatures,and determining the approximate range in allele size that might
be encountered for a given microsatellite. Because these data already were available for red drum, red snapper and
cobia (Gold et al. 2001; Saillant ef al. 2004; Renshaw etal. 2005), our initial effort was conceptual and involved
combining individual microsatellites. with similar, optimal annealing temperatures andassessing whether allele-size
ranges overlappedand whether alternate ABI dyes could be employed whenoverlap occurred. Initial experiments in
each species involved testing sets of eight to ten primersin ‘mega-cocktails’ where equimolar (5 picomol) amounts
of each primer pair were run in the same PCR reaction. Other PCR reagents (buffer, magnesium, dNTPs, Tag
polymerase) in the ‘mega-cocktails’ initially followed PCR procedures outlined in Saillant et al. (2004), Gold et al.
(2001), and Renshaw et al. (2005) for red drum, red snapper, and cobia, respectively. One primer (either forward or
reverse) from each pair was labeled with one of three different Applied Biosystems (ABI) fluorescent dyes of set D
(6-Fam, Hex or Nep). Microsatellites with non-overlapping allele-size ranges were labeled with the same

fluorescent dye; whereas those with overlapping allele-size ranges were labeled with different dyes. Fragment




analysis was carried out on an automated ABI-377 sequencer; fragments were sized using (GENESCAN 3.1.2, and

allele calling was performed using GENOTYPER® version 2.5.

Optimization of multiplex protocois began with screening of microsatellites that amplified in the
‘mega-cocktails.” Primer pairs that failed to amplify were removed from the mix and further optimization focused
on the remaining primer pairs; this led to six sets (hereafter multiplex panels or panels) of red drum microsatellites,
three of red snapper microsatellites, and five ofcobia microsatellites. Two ‘touchdown’PCR protocols(l and 1I) were
evaluated for each of the 14 panels. Touchdown protocols are used to amplify microsatellites with different, optimal
annealing temperatures in the same PCR reaction via progressively reducing annealing temperature in successive
annealing cycles (Rithidech et al., 1997; Fishback et al.,, 1999). The Touchdown Iprotocol featured a one-half
degree (Celsius) reduction in annealing temperature at each of twelve cycles, as described by Fishbacket al.
(1999),followed by thirty cycles of amplification at a temperature (hereafter, ‘bottom’ temperature) six degrees
below the starting annealing temperature.Initial evaluationstarted at the highest (optimal) annealing temperature for
a given microsatellite included in eachmultiplex panel The Touchdown T protocol was developed in our laboratory
and involved reduction in temperature at each of three separate annealing steps; the initial step employed the highest
optimal annealing temperature for a given microsatellite included in each panel, while the second and third steps

employed temperatures that flankedthe lowest optimal annealing temperature among the microsatellites in a given
multiplex panel. The Touchdown Iprotocol ultimately resolved involved the following:(i) initial denaturationat 95°
C for 3 min; (ii) 12 cycles of denaturation at 95°C for 30 sec, annealing (minus 0.5%C per cycle) for 1 min, and
extension at 72°C for 4 min;(iii) 30 cycles of denaturation at 95°C for 30 sec, ‘bottom’ annealing temperature for !
min, and extension at 72°C for 4 min; and (iv) final extension at 720C for 10 min. The Touchdown II protocol
ultimately resolved involved three steps following initial denaturation at 950C for 3 min:Step - 1 seven cyclesof
denaturation at 95°C for 30 sec, annealing for 1 min, and extension at 72°C for 4 min; Step 2 - seven cycles of
denaturation at 95°C for 30 sec, annealing for 1 min, and extension at 72°C for 4 min; and Step 3 - 28 cycles of

denaturation at 95°C for 30 sec, annealing for 1 min, and extension at 72°C for 4 min. Final extension was at 72°C

for 10 min. Annealing temperatures for both Touchdown I and II protocols are given below.




The next step involved identifying the optimal touchdown protocol and correspondingannealing-temperature
range for each of the 14 multiplex panels. Choice of touchdown protocol was based primarily on reliability of
scoring PCR products at all microsatellites in a givenpanel. We also evaluated different concentrations of PCR
reagents (including primers) to determine optimai conditions for each panel. Optimal PCR reactions across all

panels were comprised of 1.5u1 of DNA (approximately 50ng), 1 pl of 10X reaction buffer [S00mM KCl, 200mM
Tris-HCI (pH 8.4)], 2mM MgCly, 2.5mM of each dNTP, 0.75 units Tag DNA polymerase (GibcoBRL), and various

quantities of primers. Concentrations of different primers were adjusted relative to obtaining homogeneous
amplification-product intensity at each microsatellite within a given panel, achieved by raising and lowering primer
concentrations in response to PCR outcomes. Final volumes in all PCR ‘cocktail’ reactions were adjusted with
double-distilled water to bring total cocktail volume to 11.5pl.

Optimized PCR protocols for each of the 14 multiplex panels are given in Table I (red drum), Table 2 {red
snapper), and Table 3 (cobia). Optimal primer concentrations (in picomols) for each primer within each multiplex
panel are given, as are the ABI dye employed and the range in allele size (based on our prior studies in each

species). Appropriate touchdown protocols also are given for each panel. For Touchdown I protocols, the range of

temperatures for the first 12 cycles (with a 0.59C reduction at each cycle) is listed on the first line; the
‘bottom’annealing temperature islisted on the second line. For Touchdown II protocols, annealing temperatures
forSteps1-3 are listed in order, i.e., the temperature for Step 1 (seven cycles) is on the first line, the temperature for
Step 2 (seven cycles) is on the second line, and the temperature for Step 3 (28 cycles) is on the third line. A gel
image of multiplex panels 1 - 6 for red drum is shown in Figure 1.

Development of the panels required evaluating an initial ‘mega-cocktail’ of PCR primer compatibility,
reagents, and protocols, followed by the testing of primer concentrations to generate similar quantities of amplified
products across all microsatellites. The impetus for the work was the projected reduction in both personnel time
(labor) and consumable supplies generally required for large genotyping projects (Neff ef al., 2000). To assess
whether, and to what extent, using multiplex panels was cost effective, we estimated expenses (as of January 2005
and in U.S. dollars) of PCR and gel supplies and labor for running single microsatellite gels versus four- and

eight-microsatellite panels. PCR supplies included Tag polymerase kits, primers and dyes, dNTPs, 96-well plates,




tubes, pipet tips, and mineral oil; gel supplies included 44 HD Rox size standards, 96-well plates, long ranger singel
packs, sequencing combs, pipet tips, and formamide. The total costs per microsatellite for 96-well reactions (= 96
samples) was ~$64.00 (single microsatellite gels) versus ~$18.25 (four-microsatellite panel) versus ~59.50
(eight-microsatellite panels). Personnel time per microsatellite (also estimated for 96 samples) was reduced as well:
single microsatellite gels involved ~2.5 hours, whereas four- and eight-microsatellite panels involved ~45 minutes

and ~30 minutes, respectively. The estimates of personnel times were based on an experienced research assistant.

3. Synopsis

Multiplex panels of nuclear-encoded microsateliites were developed for three species of marine fishes of
interest to both public and private aquaculture concerns: red drum (Sciaenops ocellatus), red snapper (Lutjanus
campechanus), and cobia (Rachycentron canadum). The panelscan be utilized in a variety of applications, including
strain and hybrid identification, parentage assignment, pedigree reconstruction, estimating genetic diversity and/or
inbreeding, mapping of quantitative trait loci, and marker-assisted selection. The panels also will be useful in

studies of stock-structure of ‘wild’ populations.
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Table 1

Multiplex panelsfor red drum (Scigenops ocellatus) developed from3 1 microsatellite primers. Primer quantities (in

picomols) and fluorescent labels (ABI dye) are given for finalized PCR cocktails. Allele size ranges are given for each

microsatellite as previously described in Saillant ef al. (2004). The multiplex PCR protocol and annealing temperatures

for each panel are shown in the far right column; further description of the PCR protocols is given in the text. PCR

primer sequences for each microsatellite may be found in Saillant et al. (2004).

Panel Microsatellite Quantity ABI dye Range in Touchdown
allele size protocol
1 Soc412 4.3 HEX 102-168 Touchdown 1
Soc416 32 NED 550 14b-581
Socd1? 0.7 6-FAM 86-112 490
Socd23 0.6 6-FAM 172-208
Soc428 2.7 HEX 172-242
Socd45 35 6-FAM 134-166
2 Soc60 22 6-FAM 151-163 Touchdown I
Soc140 0.5 NED 550138-444
Soc201 9 HEX 224-243 499
Soc243 2 6-FAM 94-106
Soc419 1.4 6-FAM 238-260
3 Socl9 5 6-FAM 195-267 Touchdown 1
Soc85 23 6-FAM 600 864192
Socl138 4.5 HEX 77-123 540
Socl56 0.4 6-FAM
Soc 206 0.8 NED 246-265
Socd 10 2.7 6-FAM 306-344
4 Socll 1.6 6-FAM 217-240 Touchdown 11
Soc83 9 HEX 114-142 620
Soc99 22 NED 131-209 560
Soc407 9 6-FAM 139-157 540
Socd24 10 HEX 204-230
5 Socd00 3 6-FAM 245-266 Touchdown |
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Soc4(2
Socd(04

Socd15
Socd32

Soc44
Soc401

Socd33
Soc444

3.7
0.7

HEX

6-FAM
HEX
HEX

HEX
HEX

6-FAM
HEX

550134-464
150-212

187-235
98-118

211-271
174-206

84-102
161-165

490

Touchdown 11
569
520
500
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Table 2

Multiplex panels for red snapper (Lutjanus campechanus) developed from 20microsatellite primers. Primer
quantities (in picomols) and fluorescent labels (ABI dyes) are given for finalized PCR cocktails. Range in allele size
is based on work in our laboratory. The multiplex PCR protocol and annealing temperatures for each panel are
shown in the far right column; further description of the PCR protocols is given in the text. PCR primer sequences
for microsatellites with prefixes Lca and Prs may be found in Goldet al. (2001). PCR primer sequences for

microsatellitesRa6,and Ra7may be found in Bagley and Geller (1998).

Panel Microsatellite Quantity ABI dye Range in Touchdown
allele size protocol
1 Lead3 5 6-FAM 162-192 Touchdown II
Prs260 0.9 6-FAM 111-129 560
Prs55 2.7 HEX 180-208 530
Prs229 09 HEX 123-137 500
Prs248 1.3 NED 212-260
Prs303 0.6 NED 124-150
Lea20 5 6-FAM 203-223
2 Prs275 4 6-FAM 133-150 Touchdown [I
Prs137 7 6-FAM 155-185 540
Prs328 0.9 6-FAM 196-214 520
Prs282 5 HEX 113-143 500
Prs221 4 HEX 220-266
Rab 2 NED 112-130
Lcabd 52 HEX 151-181
3 Lea9l 5 6-FAM 130-144 Touchdown I
Lea22 4 6-FAM 23505 50 '
Prs333 0.7 HEX 156-157 500
Prs240 1.4 HEX 193-223
Leal07 4 HEX 96-120

Ral 1.6 NED 145-167
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Table 3

Multiplex panels for cobia (Rachycentron canadum) developed from 35 microsatetlite primers. Primer quantities {in

picomols) and fluorescent labels (ABI dye) are given for finalized PCR cocktails. Allele size ranges are given for

each microsatellite as previously described in Renshaw et al. (2005). The multiplex PCR protocol and annealing

temperatures for each panel are shown in the far right column; further description of the PCR protocols is given in

the text. PCR primer sequences for each microsatellite may be found in Renshaw et al. (2005).

Panel Microsatellite Quantity ABI dye Range in Touchdown
Allele size pretocol

1 RcalB-E08A 1.1 6-FAM 181-229 Touchdown 11
Rcal-EQ5 8 NED 221-261 550
Rcal-E04 0.7 HEX 215-237 530
Real-All 2.5 NED 165-201 510
Rcal-Ell 4.5 HEX 167-183
RcalB-G10 1.1 6'FAM 153-155

2 Rcal-D11 0.9 6-FAM 204-212 Touchdown II
Rcal B-F06 2.2 HEX 260-308 550
Rcal-B12 1.2 NED 176-196 530
Rcal-D08 1.1 6-FAM 172-178 510
Real-F11 0.5 6'FAM 119-123
Rcal B-FO7 0.8 HEX 131-143
Real-F10 1.6 NED 287-351

3 RcalB-A10 0.4 6-FAM 169-187 Touchdown II
RcalB-E02 4 6-FAM 297-315 609
Real-H10 1.2 HEX 119-139 570
Real-A04 1.8 HEX 196-206 540
Real-GOS5 1.9 HEX 269-285
Real-DO7 1.5 NED 154-162
Real-FO7 1.9 NED 235

4 RcalB-E08B 0.8 6-FAM 117-123 Touchdown I
Rcal-FO1 1.2 6-FAM 199-205 600
Real-D04 12 HEX 125-131 570
Real-HO4A 2.5 HEX 156-162 540
Real-GO2 2 HEX 240-244
Rcal B-D09 5 NED 168
Real-HO8 10 NED 273-299
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RealB-D10 1.4 6"FAM sw:mso
Rcal B-E06 1 HEX 305-327
RcalB-H(O9 10 HEX 168-224
Rcal-A08 4 6'FAM 287-321
Real-C04 3 NED 217-253
Rcal-E06 32 NED 144-186
Recal-HO1 3 NED 275-311

Touchdown I

440
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Figure 1

MICROSATELLITE PRIMER DESIGN

(Henegariu et al., 1997, Neff et al., 2000)

b

Gel image for six multiplex panelsof red drum (Sciaenops
ocellatus) microsatellites. Panels 1-6 are oriented left to right);microsatellite Soc445 is absent from Panel 1. Colors
correspond to ABI fluorescent dye-labels as such: blue = 6-FAM, green = HEX, and yellow = NED. Red bands
correspond to the 400 HD Rox Size Standard (Applied Biosystems). Size orientation of microsatellite fragments is

large (top) to small (bottom).
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