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Marine and freshwater shrimp are overexploited worldwide due to their high commercial value being
usually fished in a predatory manner. The concern about conserving the stocks for economical or
ecological reasons has been threatened by the absence of molecular markers for the majority of these
species. In this work, we described ten anonymous microsatellites isolated from an enriched-library
with magnetic beads technology of Penaeus (Litopenaeus) vannamei genome, considered the most
economically important marine shrimp in the world. In addition, we tested these loci and a panel of 21
Simple Sequence Repeat from Expressed Sequence Tag (EST-SSR) loci, also isolated from P.
vannamei, in ten other marine and two freshwater shrimp species. The cross species amplification
success rate ranged from 32 to 77% in Macrobrachium jelskii and Penaeus (Litopenaeus) schmitti,
respectively. These microsatellites appear conservative in a wide spectrum of shrimp groups,
facilitating genetic studies in those species in which no microsatellites have been yet described.
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INTRODUCTION

In the last two decades, many studies have described
microsatellite loci for shrimp, mostly due to increasing
need of access to the genetic information either for
improvement of reared populations or in conservation of
wild populations (Freitas et al., 2007; Artiles et al., 2011;
Chiang et al., 2012; Santos et al., 2012; Mohanty et al.,
2012). Despite this, several marine and freshwater
shrimp species have no microsatellite thus far described
and cross species amplification may be useful to assess
genetic variation in such groups, reducing time and costs
related to isolate specific markers for all existing species.
In this work, we described ten polymorphic micro-
satellites obtained from anonymous regions of Penaeus
(Litopenaeus) vannamei genome, one of the most impor-
tant marine shrimp of the world. These loci and a panel of
other 21 EST-SRR loci, previously described for P.

vannamei (Santos et al., 2012), were evaluated in 12
important species of marine and freshwater shrimp
natives to Brazil and Mozambique.

MATERIALS AND METHODS

The sequences were isolated from genome arbitrary regions using
the methodology based on construction of enriched-library with
magnetic beads described by Hamilton et al. (1999) and sequenced
on an ABI 377 automated sequencer (Applied Biosystems Inc.).
Sequences were analyzed by CID tool (Freitas et al., 2008), a
pipeline that allow the identification of microsatellite and flanking
primer pair sequences based on the MISA (Thiel, 2001) and Primer
3 (Rozen and Skaletsky, 2000) computer programs. In addition,
these loci and a panel of 21 EST-SSR (Expressed Sequence Tags-
Simple Sequence Repeats) obtained from coding regions of P.
vannamei (Santos et al., 2012) were tested in cross species
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Table 1. Population analysis for the new microsatellite loci in Penaeus (Litopenaeus) vannamei and for the cross amplification results.

Loci Primer sequences (5 - 3’) Repeat motif Ta(°C) n, Size-range (bp) Ho He GenBank
Specie Penaeus (Litopenaeus) vannamei

Lvanl4 F: AGACAAAGGGAAGGAGAGAC R: GGCTTATTCCATGGTTGTT (AGAC)5 53 3 119-135 0.48 0.55 EU419945
Lvanl6 F: CACCCGAAAGATATGAGAGA R: TGGCTTCCCTTTGTTTATC (AGAC)5(AG)3A(CAGG)5 49,5 17 112-210 0.31 0.89* EU419946
Lvanl7 F: GTAACATGCCCTCACTCACT R: GTCAAAAGCGCCTTAGTTTA (TTCTT)5..(CT)10 50 11 220-329 0.75 0.79 EU419947
Lvanl9 F: GAGCAAATCTATGCGACAAT R: GTAAAAAGCTTTGCGGGT (TC)6..(CT)6..(TC)7 495 5 208-222 0.47 0.70 EU419948
Lvan21 F: AGCATTTGTTCATCTTCAGC R: GAATGGAAAGAAGGAGGAAG (CT)23..(CT)6 50 3 319-379 0.91 0.50 EU419949
Lvan22 F: TGTGTTGCTTGTTTGCTACT R: TTCCCTTTTTCCTCCTCTAT (ACAG)5G(CAGA)6 51 13 258-318 0.76 0.85 EU419950
Lvan23 F: GCACGTCAGGAAGATTTCTA R: CCATTTCTCTTTTCTTTCCC (GA)12AT(G)11 53 9 190-286 0.77 0.88 EU419951
Lvan25 F: TGGTATTGTGGTTGCTGTTA R: AGAAGGTGAAACGTAATACTCG (TC)6 47 4 125-135 0.27 0.38 EU419952
Lvan26 F: CTGTGGCAGAATTTTTCTCT R: TGTCTCCGTTTATGTCTCCT (GA)8(CA)5(GACA)5..(AG)9 53 2 249-265 0.58 0.41 EU419953
Lvan33 F: TTTGTCTGTCTGTCCATCTG R: GTTCGTAAAATCCTCCTCAA (TCAC)5 51 3 234-250 0.28 0.33 EU419954

amplification reactions for ten other penaeid species and
two freshwater shrimp. The P. vannamei specimens were
collected from Brazil captive stocks. The wild shrimp were
collected along continental and coast regions of Brazil
[Penaeus (Litopenaeus) schmitti, Penaeus
(Farfantepenaeus) brasiliensis, Penaeus
(Farfantepenaeus) paulensis, Penaeus (Farfantepenaeus)
subtilis, Penaeus (Farfantepenaeus) notialis,
Xiphopenaeus kroyeri, Rimapenaeus  constrictus,
Macrobrachium amazonicum, Macrobrachium jelsk and
Mozambique  [Metapenaeus  monocerus, Penaeus
monodon, Penaeus indicus and Penaeus (Marsupenaeus)
japonicas]. Total DNA was extracted from nitrogen frozen
pleopod tissue according to Sambrook et al. (1989).
Amplification reactions were carried on Mastercycler
Gradient Thermal Cycler (Eppendorf) using 10 pL reactions
containing 5 ng of DNA, 0.2 mM of dNTPs, 1 x PCR buffer
(200 mM Tris-HCI, pH 8.4 and 500 mM KCI), 1.5 mM of
MgCl,, 1 U of Tag DNA Polymerase, (Invitrogen Life Tech-
nologies), 0.8 uM of reverse primer, 0.2 uM of forward
primer with a M13 tail and 0.8 uM of M13 fluorescently
labeled (Schuelke, 2000). The PCRs were performed through
touchdown reactions, starting with annealing temperature
at 54°C and dropping one degree every three cycles up to
49°C, followed by 15 min of final extension at 72°C. PCR-
labeled products were analyzed on MegaBACE1000 (GE
Healthcare) using the Genetic Profiler software (GE
Healthcare). Expected and observed heterozygosity, linkage
disequilibrium and deviation from Hardy-Weinberg equili-

brium (HWE) were determined using the GenePop pro-
gram, version 3.4 (Raymond and Rousset, 1995). Sequen-
tial Bonferroni correction (Rice, 1989) was implemented for
data significance analysis. The Macro-Checker software,
version 2.2.3 (Oosterhout et al., 2004) was used to deter-
mine the presence of null alleles, stutters or genotyping
errors in the populations analyzed.

RESULTS AND DISCUSSION

The microsatellite loci obtained by enriched library
from genome of P. vannamei showed no match
with any other known microsatellite sequence
available at GenBank from NCBI, distinguishing a
new set of these molecular markers for this
species. The number of alleles ranged from two to
17, averaging 7.2 per locus. The observed and
expected heterozygosity ranged from 0.27 to 0.91
and 0.33 to 0.89, respectively for P. vannamei
population evaluated. One locus (Lvan16) showed
significant HWE deviation following sequential
Bonferroni correction, exhibiting a significant hete-
rozygote deficit (P<0.005). Micro-Checker soft-
ware indicated a possible presence of null alleles
on this marker, although Wahlund effect and

nonrandom sampling should not be discarded. No
linkage disequilibrium was detected (Table 1).

The cross species amplification success rate
ranged from 32 to 77% for M. jelskii and. P.
schmitti, respectively, using either anonymous
SSR and EST-SSR loci. Positive amplification
patterns were obtained for at least one of the
species analyzed for all tested loci (Table 2).
Polymorphisms in some of these loci were tested
in native populations of P. schmitti, P. brasiliensis
and P. paulensis Lvan 61 locus showed significant
HWE deviation for P. schmitti population (Table
1). Cross species amplification rate differences
between SSR and EST-SSR were not detected.

The P. schmitti showed the highest heterolo-
gous amplification rate (77%) followed by P.
paulensis (51%) and P. brasiliensis (41%). Both
Macrobrachium species showed the lowest ampli-
fication rates (32 — 35%), likely due to their lower
phylogenetic relationship with P. vannamei (Table
2). The new set of anonymous SSR described
here proved to be useful to assess genetic varia-
tion in P. vannamei and, together with the EST-
SSR loci also evaluated, show to be conservative
within marine and freshwater shrimp, and can be



Marques et al. 613

Table 1. Contd.

Specie  Penaeus (Litopenaeus) schmitti

Lvan 202 F: TAGTGTTCACAGATTCCG R: GAAGTATCAAACAGAACAGC (Cniv Touchdown 7 261-291 0,5 0,73 HS412016
Lvan 204 F: AGAACTGAACTTTGACCTTG R: CATACAATTCCAAGACCG (TTC)5 Touchdown 9 154-206 1 0,86 HS412020
Lvan 183 F: GTGAAGCCTCTCATTACTC R: CATGACTACCAAGATTTCTC (GA)7 Touchdown 7 281-308 0,5 0,81 HS412014
Lvan 205 F: TACAACCGCAAGTAGATG R: ATAGAAGAGTATAGGTAGGCG (CA)6 Touchdown 4 185-200 0,3 0,28 HS412021
Lvan 61 F: ATCACACTAAGCAGGATATG R: GTCACGTCTAACAAGCAG (TG)10 Touchdown 7 149-261 0,4 0,67* HS412004
Lvanl6 F: CACCCGAAAGATATGAGAGA R: TGGCTTCCCTTTGTTTATC (AGAC)5(AG)3A(CAGG)5 Touchdown 7 156-244 0,75 0,67 EU419946
Lvanl9 F: GAGCAAATCTATGCGACAAT R: GTAAAAAGCTTTGCGGGT (TC)6..(CT)6..(TC)7 Touchdown 4 161-247 0,28 0,32 EU419948
Specie  Penaeus (Farfantepenaeus) paulensis

Lvan 99 F: CAACACTAAAGGAACACACAC R: CGTTTCTTGTTTTCTCTGTG (AAG)5 Touchdown 4 110-121 0,28 0,3 HS412007
Lvan 202 F: TAGTGTTCACAGATTCCG R: GAAGTATCAAACAGAACAGC (CMn1v Touchdown 5 249-290 0,3 0,69* HS412016
Lvan 205 F: TACAACCGCAAGTAGATG R: ATAGAAGAGTATAGGTAGGCG (CA)6 Touchdown 5 142-199 0,1 0,19 HS412021
Lvan 16 F: CACCCGAAAGATATGAGAGA R: TGGCTTCCCTTTGTTTATC (AGAC)5(AG)3A(CAGG)5 Touchdown 5 154-240 0,93 0,71 EU419946
Lvan 19 F: GAGCAAATCTATGCGACAAT R: GTAAAAAGCTTTGCGGGT (TC)6..(CT)6..(TC)7 Touchdown 11 197-229 0,31 0,81* EU419948

Specie  Penaeus (Farfantepenaeus) brasiliensis
Lvan 16 F: CACCCGAAAGATATGAGAGA R: TGGCTTCCCTTTGTTTATC (AGAC)5(AG)3A(CAGG)5 Touchdown 10 166-232 0,53 0,84* EU419946
Lvan 19 F: GAGCAAATCTATGCGACAAT R: GTAAAAAGCTTTGCGGGT (TC)6..(CT)6..(TC)7 Touchdown 8 162-208 0,41 0,82* EU419948

Ta, locus-specific annealing temperature; na, number of alleles; Ho, observed heterozygosity; He, expected heterozygosity and significant HWE deviation; * following Sequential
Bonferroni correction. *Significant values considering sequential Bonferroni correction.

Table 2. SSR and EST-SSR loci cross amplification in 12 species. Positive (+) and negative amplification (-).

. _Penaeus Penaeus Penaeus Xiphopenaeus Rimapenaeus Metapenaeus Metapenaeus Penaeus  Fennerope Penaeus  Macrobrachium Macrobrachium Total

Loci (Litop enﬁe_us) (Farf antgp enqeus) (Farfantep ena k krgyeri congtrictus morfoceros stel;)bing (Ma(sup enae - naeus monodon jelskii amazonicum (%)
schmitti brasiliensis eus) Paulensis us) japonicus indicus

SSRs randon
Lvan14 - + - - + + + + + + + 66
Lvan16 + + - - + - + + - 50
Lvan17 + - - - + + + + + + 66
Lvan19 + + + + - + + + + 91
Lvan21 - - - - - - - - - - - - 0
Lvan22 - - - - - + + + + - - - 33
Lvan23 + - - - - - - + 16
Lvan25 + + + + + + + + + + 100
Lvan26 - + - - + + - + - - + 50
Lvan33 + + - - + + + + + + - . 66
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Table 2. Contd.

SSR-ESTs

Lvan 59 + + - - + - - + + + - 58
Lvan 61 + + - - - - - - - - 33
Lvan 50 + + + + + + - + - - 75
Lvan 51 + + + - - + + . - - - 50
Lvan 94 + + + + + - - - . ¥ . 58
Lvan 99 + + + - - - - . - - - - 25
Lvan 104 + - - - + + - + - - - 41
Lvan 117 + - - - - + - - + - - 33
Lvan 102 + + - - + - - - - - 41
Lvan 93 + - + - + + - - + 66
Lvan 96 + - - - - + + - + - - 4
Lvan 98 + + - - - + + - + - - + 50
Lvan 116 - - + - + + + + - - - + 50
Lvan 134 - - - + - - + - - - + 33
Lvan 154 + - - - - - - - - - - 16
Lvan 183 + - + + + - - - - - - - 33
Lvan 202 - - + + + - - - - + - B 33
Lvan 204 + - + + + - + - - + - + 58
Lvan 205 + + - + - - - + + + + - 58
Lvan 195 + - + - + + + + + + - - 66
Lvan 232 + + - + - - - - - - . + 33
Total 77 51 41 41 38 58 48 51 51 48 32 35

useful to genetic studies in those species in which REFERENCES vectors, Identifying SSR, Design of primers): a rapid and

no microsatellites have been yet described.
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