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ABSTRACT. Fenneropenaeus penicillatus is one of the major economic shrimp 
species in China. In this study, 14 novel microsatellite loci were developed 
using the fast isolation protocol with amplified fragment length polymorphism 
of sequences containing repeats (FIASCO). Polymorphisms were tested 
in 30 individuals from a single-wild population. The results showed that the 
number of alleles at each locus ranged from two to four, and the polymorphism 
information content varied from 0.314 to 0.692. The observed and expected 
heterozygosities ranged from 0.3343 to 0.6542 and from 0.3458 to 0.6657, 
respectively. Three loci deviated significantly from Hardy-Weinberg equilibrium 
after a Bonferroni correction was applied, while no deviations were detected 
in the other 11 loci. The new microsatellite loci identified in this study could 
be useful in future F. penicillatus population genetic, conservation research, 
population structure assessment, and linkage map construction studies.
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INTRODUCTION

Fenneropenaeus penicillatus, generally known as the red tail shrimp by the Food and 
Agriculture Organization (FAO), is an economically valuable species belonging to the Decapoda 
family Penaeidae. It is primarily distributed in the Indo-West Pacific, from Pakistan to Indonesia, 
and it is locally called “Jaira” on the Pakistan coast. In China, this species is mainly found in the 
southeastern coastal area, including Fujian, Guangdong, and Taiwan. The temperature and salinity 
tolerance of F. penicillatus is higher than other shrimps. Moreover, F. penicillatus was a popular 
fishing and aquaculture species before 2000 in China (Cao et al., 2012), because it was fresh, 
tender, large, brightly colored, high in protein, and low in fat. Furthermore, the species was also 
used for medicinal purposes. F. penicillatus is considered an endangered species (Wang and Xie, 
2009), and it is on the Red List maintained by the Chinese government. In recent years, there was a 
considerable reduction of its wild stock, which is an important factor in F. penicillatus reproduction. 
Several factors are likely associated with this reduction, including excess exploitation, unreasonable 
utilization, habit damage, and environmental pollution. In order to preserve F. penicillatus wild 
stocks, it is imperative for researchers to comprehensively understand its hereditary constitution.

Microsatellites are simple-tandem repeat sequence motifs, which consist of repeat units 
ranging from 1 to 6 bp in length. As genetic markers, they are widely distributed throughout the 
eukaryotic genome. Microsatellites consist of middle-core sequences and conservative flanking 
sequences. Moreover, these markers exhibit various advantages, such as co-dominance, high 
frequency of polymorphisms, and reliability, which are important elements when studying population 
genetics. Microsatellite markers are widely used in population differentiation, population genetics, 
linkage analyses, and evolutionary studies (Li, 2006). Microsatellite markers in other shrimps have 
been reported, including Litopenaeus vannamei (Garcla and Alcivar-Warren, 1996), Penaeus 
monodon (Xu et al., 2001), F. chinensis (Meng et al., 2009), and Macrobrachium nipponense (Ma 
et al., 2010). To the best of our knowledge, there are a few reports referring F. penicillatus, while 
major studies focusing on the cultural ecology, basic biology, as well as breeding (Zhang et al., 
2010). Thus, the results of this study of F. penicillatus population genetics could be utilized in future 
research examining the improvement and conservation of the species.

MATERIAL AND METHODS

The microsatellite markers were developed using the fast isolation protocol with amplified 
fragment length polymorphism of sequences containing repeats (FIASCO) protocol (Zane et al., 
2002). Using CTAB methods (Zhao et al., 2011), high-quality genomic DNA was extracted from the 
muscular tissue of a single wild F. penicillatus individual that was captured in Zhanjiang, China. 
Genomic DNA (100 ng/µL) was digested with the restriction enzyme FastDigest TrulI (Fermentas, 
Canada) at 37°C for 5 min, and the enzyme was then inactivated by heating for 5 min at 65°C. 
The digested fragments, ranging from 400 to 1200 bp, were then ligated to MseI adapter A 
(5'-ACGATGAGTCCTGAG-3')/MseI adapter B (5'-TACTCAGGACTCAT-3') using T4 DNA ligase 
(Ferments, Vilnius, Lithuania) at 22°C overnight. The linker-ligated mixture was denatured at 95°C 
for 10 min. Afterwards, the digestion-ligation fragments were hybridized to the biotinylated probes 
(CT)15 and (GT)15 at 61°C for 1 h. Fragments containing microsatellite repeats were captured 
with Streptavidin-coated Magnetic Sphere Particles (Promega, Madison, WI, USA), and the non-
captured DNA fragments were washed away. The recovered DNA fragments were amplified using 
MseI adapter A. Polymerase chain reaction (PCR) products were purified using GenCleanPCR 
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(Generay, Shanghai, China) to remove the extra adapters and dNTPs. The purified products were 
ligated to the PMD19-T vector (Takara, Shiga, Japan) at 16°C for 3.5 h, and they were transformed 
into Escherichia coli DH5α (Tiangen, China) competent cells and incubated overnight at 37°C in a 
constant temperature oven. Transformants were cultured on lysogeny broth agar plates containing 
ampicillin (60 mg/mL). The positive clone fragments were amplified using M13 universal primers, 
and the PCR products were determined using 1% agarose gel electrophoresis. A total of 138 
positive clones, with DNA fragment bands ranging from 500 to 1200 bp, were sequenced by 
Invitrogen (Guangzhou, China).

After the sequence analysis, 67 clones containing microsatellites were found using the 
SSRhunter 1.3 software, and 49 pairs of primers were designed using the Primer Premier 5.0 
software. Thirty-six primer pairs were successfully selected for testing by amplifying the genomic 
DNA of 30 wild F. penicillatus individuals collected from Zhanjiang, China. PCR amplification was 
carried out in 10-µL reaction mixtures containing 50 ng genomic DNA, 10X Taq buffer, 2 mM MgCl2, 
0.4 µM forward primer, 0.4 µM reverse primer, 0.25 U Taq DNA polymerase (Fermentas), and 0.2 
mM of each dNTP. The PCR amplification was performed under the following conditions: initial 
denaturation at 94°C for 5 min; 32 cycles of denaturation at 94°C for 30 s, annealing at the optimal 
temperature (Table 1) for 30 s, and 72°C for 1 min; a final extension step at 72°C for 10 min; and 
samples were then held at 4°C. All PCR products were separated and visualized using Qsep100 of 
the capillary gel electrophoresis system (BiOptic Inc., Taiwan). Finally, using the POPGENE 32 
(version 1.32) software (Yeh et al., 2000), important genetic information was analyzed to estimate 
the number of alleles per locus, the observed heterozygosity, the expected heterozygosity, and 
Hardy-Weinberg equilibrium (HWE). Polymorphic information content (PIC) was estimated using 
the CERVUS (version 3.0) software.

RESULTS AND DISCUSSION

We successfully isolated 14 polymorphic microsatellite loci (Table 1) in F. penicillatus. The 
number of polymorphic alleles per locus ranged from two to four, and the PIC varied from 0.314 to 
0.692. The observed and expected heterozygosity values ranged from 0.3343 to 0.6542 and from 
0.3458 to 0.6657, respectively. After applying the Bonferroni correction (k = 14), eleven of the 14 
loci were in Hardy-Weinberg equilibrium (P > 0.0036), with the exception of CMX2-38, CMX2-63, 
and CMX2-109.

The average number of polymorphic alleles per locus was 3.5, which was similar to 
the result of Cao et al. (2012) for F. penicillatus, but it was lower than that reported for other 
shrimps (Xu et al., 2001; Meng et al., 2009; Ma et al., 2010). The PIC value is an important 
indicator that measures the extent of polymorphism for marker genes or marker sequences 
(Lü, 1994). When the PIC value is below 0.25, the population has fewer polymorphisms. 
When the PIC value ranges between 0.25 and 0.5, the polymorphisms of a population can be 
considered moderate, and high frequency of polymorphism is denoted by PIC values above 0.5 
(Botstein et al., 1980). In this study, we found seven loci with moderate polymorphisms (CMX2-
6, CMX2-16, CMX2-25, CMX2-69, CMX2-109, CMX53, and CMX60) and seven loci with high 
frequency of polymorphisms (CMX2-38, CMX2-45, CMX2-63, CMX2-101, CMX2-102, CMX15, 
and CMX22).

In summary, the 14 novel polymorphic microsatellite loci identified in this study could be 
useful, to some extent, for future F. penicillatus population genetic, conservation research, and 
population structure studies.
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Ta = annealing temperature; NA = number of polymorphic alleles per locus; PIC = polymorphism information content; 
*indicates significant departure (P < 0.0036) from expected Hardy-Weinberg equilibrium after multiple correction tests 
(k = 14); HO = observed heterozygosity; HE = expected heterozygosity.

Table 1. Characterization of 14 microsatellite loci isolated from Fenneropenaeus penicillatus.

GenBank 
accession No. 

Locus ID Primer sequences (5'-3') 
 

Repeat 
motif 

Ta 
(°C) 

NA Allele size 
(bp) 

PIC 
 

HO HE 

KT318837 CMX2-6 
 

F: GCATCATATTGCGTTTG 
R: AATCTCACTGCCACCAC 

(TCCTCT)3 
 

48.8 
 

3 233-248 0.570 0.3429 0.6571 

KT318838 CMX2-16 
 

F: GCACGCATACCGAACTCT 
R: ACTGCCACCACCCATTTA 

(CA)8 
 

53.2 
 

4 
 

174-182 0.692 0.3343 0.6657 

KT318839 CMX2-25 F: GGATACGGAAGAATAAGG 
R: GCAAGCAGACGAATACA 

(AGAT)3 51.0 4 174-228 0.504 0.5115 0.4885 

KT318840 CMX2-38 F: TATCTTTCCGCCATCTTTGA 
R: GCTGAATAAGAACGCCTGTG 

(CT)5 48.8 4 142-158 0.415 0.4944 0.5056* 

KT318841 CMX2-45 F: ACCATCATTTTCAAACCA 
R: GGGAAGACAGTGCCATC 

(CAC)4 51.0 2 145-193 0.368 0.5056 0.4944 

KT318842 CMX2-63 F: AGACCAATAAAGCACTAAA 
R: CAGGACGATAGACTGACA 

(ATC)4 51.0 3 220-246 0.342 0.6136 0.3864* 

KT318843 CMX2-69 F: GGGAAGGTAGGGACTAA 
R: ATGTACTGCCATCTGCT 

(AG)6 48.8 4 120-136 0.573 0.5423 0.4577 

KT318844 CMX2-101 F: AGACTACGGCAGAACTT 
R: AGGATTATAGGCGACAG 

(TCC)4 48.8 4 301-310 0.446 0.6254 0.3746 

KT318845 CMX2-102 F: GAAGACAGTGCCATCCC 
R: CCATCATTTTCAAACCAT 

(TGG)4 51.0 3 151-195 0.475 0.4599 0.5401 

KT318846 CMX2-109 F: GAGGATTATAGGCGACAGG 
R: AGACTACGGCAGAACTTGG 

(GGA)4 55.5 4 278-301 0.618 0.3513 0.6487* 

KT318847 CMX15 
 

F: CGTGGTCAGCGAAGAAC 
R: ACCGACAGGCAAATCAA 

(GT)6 
 

43.0 3 186-200 0.383 0.5684 0.4316 

KT318848 CMX22 
 

F: TTGACATTATTACTATCGTG 
R: CACAGCAAAAGGTACAG 

(ATGATA)3 
 

59.0 3 270-300 0.314 0.6542 0.3458 

KT318849 CMX53 
 

F: AGAATGGATGTCAAGGAG 
R: CACATAAACAAAGAGGAAA 

(GTCT)3 49.0 4 205-222 0.566 0.5691 0.4309 

KT318850 CMX60 F: TCACTTCGTCATTCCC 
R: AACAGACAAGCAAACCT 

(TTTA)3 44.5 4 262-329 0.615 0.4718 0.5282 
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