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This paper reports on an industry friendly, inexpensive DNA extraction method for Penaeid shrimp that is com-
patible with Sequenom® iPLEX Platinum SNP pedigree genotyping platforms. The DNA extraction method
employed a commercial prepGEM™ insect DNA extraction kit (ZyGEM, Hamilton, New Zealand) in combination
with water bath ultrasonic disruption. Two prepGEM™ enzyme concentrations were compared; 100% and 10% of
the manufacturer's recommendation. The utility of themethodwas compared to amore expensive DNeasy® ex-
traction kit (QIAGEN, Hilden, Germany) by looking at DNA quality and yield from shrimp pleopod tips (approx-
imately 3 mm2 in size) and SNP call rates when DNA was run on a Sequenom® iPLEX Platinum pedigree
genotyping panel. DNA from all methods (inexpensive and expensive) was of sufficient quality and quantity
for multiplex PCR discrimination of SNP markers in a single Sequenom™ Platinum chemistry panel. This paper
demonstrates that the inexpensive ZyGEM DNA extraction method will provide significant cost-savings to com-
mercial operations that perform routine genotyping within breeding programs, and potentially broadening the
use of DNA markers for commercial enterprises.

© 2014 Elsevier B.V. All rights reserved.
1. Introduction

Establishment of Penaeid shrimp selective breeding programs
over the last 20 years have underpinned global expansion of a sus-
tainable shrimp aquaculture industry worth an estimated US 3 bil-
lion dollars in 2012 (Briggs, Pers. Comm.). More recently, breeding
programs have adopted sophisticated molecular DNA analysis meth-
odologies to enable accurate pedigree assignment for enhancedmate
allocations and selection for specific genetic traits that maximise
production efficiency (Dixon et al., 2008; Li et al., 2007; Sellars
et al., 2012; Jerry, Pers. Comm.). This has expanded their use in com-
mercial breeding programs, and created a demand for molecular
methodologies that reduce the running costs of DNA assays for use
on a broad commercial scale.

For a number of years, the Commonwealth Scientific and Industrial
Research Organisation (CSIRO) in Australia has been working with na-
tional and international shrimp producers to develop molecular DNA
markers that enable accurate pedigree assignment and selection for
commercially important traits to maximise production efficiency (Li
et al., 2007; Moore et al., 1999; Preston et al., 2010; Sellars et al.,
2012). Simultaneously, advances in Next-Generationmolecular chemis-
tries such as Sequenom® iPLEX Platinum chemistry provide a platform
onwhich to build high-throughput, cost-effectivemolecular DNAassays
for the shrimp industry. CSIRO recently adapted their shrimpmolecular
DNAmarkers to be compatible with Sequenom® iPLEX Platinum chem-
istry (Sellars et al., 2012) and now have commercial panels available for
the black tiger shrimp Penaeus monodon and the Pacific white shrimp,
Litopenaeus vannamei. The next progressive step toward wide-spread
commercial adoption of this powerful technology is to make the DNA
assays more affordable. One step to reduce molecular DNA assay costs
is to minimise DNA extraction costs whilst maintaining DNA quality
and quantity so it is compatible with Next-Generationmolecular chem-
istries such as Sequenom® iPLEX Platinum chemistry.

This paper reports on a method that significantly reduces the cost
of DNA extraction from shrimp tissue whilst maintaining compatibil-
ity with the Sequenom® iPLEX Platinum chemistry. Themethod only
requires a 3 mm2 pleopod tissue sample that can be taken non-
destructively with minimal stress to the shrimp and is simplistic in
its approach allowing on-farm DNA extraction. This method will pro-
vide significant cost-savings to commercial operations performing
routine genotyping within breeding programs.
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2. Materials and methods

2.1. Tissue sampling

Three pleopod tissue samples taken from the very tip of the append-
age (approximately 3 mm2 in size) from each of two tenth generation
Penaeus monodon breeding shrimp were sampled and snap frozen on
dry ice for transport back to the laboratory. Pleopod tips were stored at
−80 °C before being subjected to one of three DNA extraction processes.

2.2. DNA extraction

One piece of pleopod tip from each individual shrimp was subjected
to either (1) the inexpensive prepGEM™ insect DNA extraction kit
(ZyGEM, Hamilton, New Zealand) with 100% of the recommended
enzyme concentration, (2) the inexpensive prepGEM™ insect DNA
extraction kit (ZyGEM, Hamilton, New Zealand) with 10% of the
recommended enzyme concentration, or (3) the more expensive
DNeasy® extraction kit (QIAGEN, Hilden, Germany). PrepGEM™ ex-
tractions followed the manufacturer's instructions with the same
water bath ultrasonic disruption modifications as outlined by Rao
et al. (2010), with the exception that the 10% of recommended en-
zyme was used in those comparisons. DNeasy® extractions followed
the manufacturer's instructions. DNA concentration and purity were
quantified using the Quant-iT dsDNA Broad-Range Assay kit (Invitrogen)
and measured on the Qubit Fluorometer (Invitrogen).

2.3. Genotyping and comparative analysis

The 63 SNP marker Sequenom® iPLEX Platinum panel reported by
Sellars et al. (2012)was employed for genotyping all extracted samples.
To achieve this, 500 ng of genomic DNA extracted using the three
methods was sent to Sequenom® for genotyping. The performance of
the ZyGEMextractionmethods relative to the QIAGEN extractionmeth-
od was assessed by comparing genotypes obtained. The following two
measures of genotype were used for comparison. First, the raw area es-
timates produced by Sequenom® iPLEX Platinum analysis were com-
pared for the three extraction methods. For each DNA sample (i = 1
to m), for each SNP (j = 1 to n), an area estimate is provided for each
allele (a1ij and a2ij), and these were combined to produce a statistic:

θij ¼ tan−1 a2ij
a1ij

 !
=
π
2
:

This statistic takes a value between 0.0 and 1.0 provided that a1ij≥ 0
and a2ij ≥ 0. When both a1ij b 3.0 and a2ij b 3.0 it was assumed that the
assay had failed. Second, the three extraction methods were compared
using the genotypes assigned by the genotyping provider using the
Sequenom software.

3. Results

DNA extracted using all three methods was of sufficient quality and
concentration to be compatible with Sequenom® iPLEX Platinum
Table 1
Genotypes called using the two DNA extraction methods, and correlation between the estimat

Shrimp Extraction method Concentration Digestion time Digestion temp

1 QIAGEN 100% 60 min 56°C
2 QIAGEN 100% 60 min 56°C
1 ZyGEM 100% 25 min 75°C
2 ZyGEM 100% 25 min 75°C
1 ZyGEM 10% 25 min 75°C
2 ZyGEM 10% 25 min 75°C
chemistry. DNA from both methods (inexpensive and expensive) was
sufficient for multiplex PCR discrimination of SNP markers in a single
Sequenom™ Platinum chemistry panel (Table 1). The call rates were
best for the ZyGEM method when 10% of the recommended enzyme
wasused (60 SNPout of 63 SNP called for each of the two shrimp tested)
and theQIAGENmethod (58 and 61 SNP called out of 63 for each shrimp
tested) (Table 1). The ZyGEM method when 10% of the recommended
enzyme was used showed a higher correlation with the QIAGEN meth-
od than when 100% of the recommended enzyme was used (Table 1).
4. Discussion and conclusion

This paper assesses the efficacy of an inexpensive DNA extraction
kit (prepGEM™ insect kit, ZyGEM, Hamilton, New Zealand) com-
pared to a more expensive DNA extraction kit (DNeasy®, QIAGEN,
Hilden, Germany) for use in shrimp breeding programs that employ
iPLEX Platinum chemistry (Sequenom™, San Diego, CA, USA) to ge-
notype shrimp on established SNP panels. Two prepGEM™ enzyme
concentrations were compared; 100% and 10% of the manufacturer's
recommendation. Comparisons are made between extraction
methods for DNA quality and yield, and SNP call rate when DNA
was run on an established 63 SNP marker iPLEX Platinum panel
(Sellars et al., 2012).

Using a non-destructive, industry standard 3 mm2 pleopod tissue
sample, DNA extracted from all methodswas of sufficient quality and
had sufficient yield to be compatible with Sequenom™ Platinum
chemistry. DNA from all methods was also sufficient for multiplex
PCR discrimination of SNP markers in a single Sequenom™ Platinum
chemistry panel. Call rates were most comparable between the
QIAGEN and ZyGEM methods when ZyGEM enzyme was used at only
10% of the manufacturer's recommendation. Overall, all methods were
compatible with the chosen chemistry and are suitable for shrimp
genotyping.

The most cost-effective way to extract DNA from shrimp pleopod
tips for genotyping in shrimp breeding programs that employ our
CSIRO Sequenom® iPLEX Platinum chemistry SNP genotyping panels
in the future will be the prepGEM™ insect DNA extraction kit
(ZyGEM, Hamilton, New Zealand) with 10% of the recommended en-
zyme. The inexpensive ZyGEM DNA extraction method will provide
significant cost-savings to commercial operations performing rou-
tine genotyping within breeding programs whilst making the use
of DNA markers an attractive proposition for commercial enter-
prises. The use of this method is now employed on a routine basis
in shrimp breeding programs by several of CSIROs commercial in-
dustry partners demonstrating its robustness and suitability for
commercial adoption.
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. Number called Number same
as QIAGEN

Number different
to QIAGEN

Θ correlation with
QIAGEN

58 58 0 NA
61 61 0 NA
48 46 0 0.88
49 47 2 0.92
60 57 0 0.97
60 60 0 0.98
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