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Introduction

DNA extraction methods involving various levels of

Abstract

Due to their convenience, magnetic bead-based nucleic acid extraction kits are
commonly used in shrimp genotyping and pathogen screening applications. However,
in advanced breeding programs requiring the testing of many thousands of shrimp,
their cost can be prohibitive. Various permutations of different Proteinase K digestion,
tissue lysis and bead washing buffers as well as magnetic bead types were thus
evaluated to devise a high-throughput shrimp DNA extraction (SDE) protocol capable
of recovering high-purity DNA using a KingFisher™ Flex Magnetic Particle processor.
When genotyped using a MassARRAY® platform (Agena Bioscience) requiring 60-61
genome regions to be co-amplified in a single multiplexed PCR, DNA extracted from
shrimp muscle tissue using either the SDE protocol or a commercial kit generated
comparable single-nucleotide polymorphism (SNP) call data. The SDE protocol also
extracted high-purity DNA from salmon fin clips. It thus offers potential to markedly
reduce the costs of large-scale genotyping in shrimp and salmon breeding programs.

increasingly been adopted due to the convenience and
widespread availability of commercial kits, their ability
to generate high-purity nucleic acid and their
amenability to automated high-throughput instruments

sophistication continue to be developed and refined to
meet yield, purity, throughput and cost requirements
for genotyping, genome sequencing and pathogen
screening applications across diverse species and tissue
types (Chomczynski & Sacchi, 1987; Marko, Chipperfield
& Birnboim, 1982; Ali et al., 2017; Dierens, Henshall &
Sellars, 2014; Planella et al., 2017; Psifidi et al., 2010;
Psifidi et al., 2015; Rao, Arnold & Cowley 2010; Zheng et
al., 2015; Inglis et al., 2018). Since being developed in
the mid-1990s (Deggerdal & Larsen, 1997; Hawkins et
al., 1994; Kang et al., 2009; Levison et al., 1998; Rudi et
al., 1997), magnetic bead-based methods have
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such as the KingFisher™ Flex Magnetic Particle
processor (Nagy et al., 2005; Witt et al., 2012; URL1).
While convenient, the expense of using such kits can be
prohibitive in research and industrial applications
needing to, for example, track the pathogen infection
status, pedigrees and genetic traits of many thousands
of individuals for the purposes of selecting elite breeding
lines. To dissuade users from copying them, such kits
also typically employ minimally-defined proprietary
buffer formulations optimized to specific species and
tissue types (Claassen et al., 2013; Dauphin, Moser &
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Bowen, 2009a, Dauphin et al., 2009b; Dauphin et al.,
2011; Lim et al., 2018; Mertens et al., 2014). Despite this
and due to most of the key reagents used in magnetic
bead-based nucleic acid extraction protocols such as
Proteinase K (ProK), guanidine hydrochloride
(GuHCl)/thiocyanate (GuSCN) and Triton-X100 being
relatively inexpensive when purchased in sizeable
quantities, buffer sets that can be used to reduce
extraction costs continue to be reported for different
species and tissue types (Kang et al., 2009; Li et al., 2017
Mertens et al., 2014; Psifidi et al., 2010; Psifidi et al.,
2015).

To grow the Black tiger shrimp (Penaeus monodon)
farming industry in Australia, programs are underway to
generate elite breeding lines through the use of genetic
tools to manage diversity and select for desirable
production traits (Alam & Palsson, 2016; Baranski et al.,
2014; Dekkers 2012; Guppy et al., 2018; Huerlimann et
al., 2018; Lu et al., 2017; Robledo et al., 2017; Sellars et
al., 2012; Wagqairatu et al., 2012). To help reduce the
high cost of genotyping and pathogen screening in these
programs, described here are data leading to the
development of a buffer set optimized for automated
96-well plate-based extraction of high-purity DNA from
shrimp and fish tissues using a KingFisher processor.

Materials and Methods
Tissue Sources

Black tiger shrimp (Penaeus monodon) were
obtained from the CSIRO Bribie Island Research Centre,

QLD, Australia. Shrimp were placed in zip-lock plastic
bags, euthanized by submersion in wet ice and stored at
-20°C until rapidly thawed for use. Fin clips from Atlantic
salmon (Salmo salar) were obtained from an
aquaculture farm in Tasmania, Australia. Individual fin
clips were stored in 95% ethanol in 2 ml screw cap tubes
at 4°C until used.

Trials to Define Shrimp DNA Extraction (SDE) Protocol
Buffers

Initially, a set of buffers developed to extract high-
purity DNA from white blood cells (WBC DNA Protocol;
Psifidi et al., 2015) was compared to those used in the
MaglJET Genomic DNA Kit (MGD Kit, Cat. no. K2722,
Thermo Scientific). As detailed in Table 1, buffer
volumes used for tissue digestion and lysis and for DNA
bead binding, washing and elution followed those
described in Protocol E of the MGD Kit Manual (URL2).
All extractions were undertaken using the automated
KingFisher processor (URL1, Thermo Fisher Scientific).
BindlIt Software V4.0 (URL3, Thermo Scientific) was used
to run the Tissue DNA KingFisher™ Flex 96 program
(KF_TissueDNA_Flex96.bdz file download available at
URL4, Thermo Fisher Scientific) used to control the
mechanics of each step on the KingFisher processor.
Based on prior experience in using the MGD Kit to
reliably obtain high-purity DNA (A260/230nm >1.95) from
shrimp muscle tissue, the Flex 96 program .bdz file was
modified to include a third Wash Buffer 2 step. For the
WBC DNA protocol, buffer volumes were adjusted
proportionally to match those used with the MGD Kit.

Table 1. MagJET Genomic DNA (MGD) Kit (Thermo Fisher) buffer and reagent volumes used for tissue digestion and DNA bead
binding, washing and elution on the KingFisher™ Flex Magnetic Particle processor controlled by an amended Flex 96 Program

Tissue DNA KingFisher™ Flex 96 Program

Buffers and other reagents

Program Program Plate type used Name Amounts per plate well
step no, step name
Eppendorf deep-well Tissue digest* 12-20 mg shrimp muscle tissue
96-well plate 200 pl ProK Digestion Buffer
20 pl 20 mg/ml Proteinase K
1 Lysate KingFisher Flex deep- Tissue lysate 200 pl digested tissue supernatant
well 96-well plate 300 pl Lysis Buffer
20 pl 10 mg/ml RNase A
100% isopropanol 400 pl
Magnetic beads 25 ul (or 3, 6, 12, 24 pl as tested)
2 Wash 1 KingFisher Flex deep- Wash Buffer 1 700 pl
3 Wash 2-1 well 96-well plates Wash Buffer 2 700 pl
4 Wash 2-2 Wash Buffer 2 700 pl
5 Wash 2-3 Wash Buffer 2 700 pl
6 Elution KingFisher Flex 96 KF Low-EDTA 80 pl

plate

TE Buffer

* Tissue digest undertaken prior to being added to the Tissue lysate as Step 1 of the Program used to run the KingFisher
processor. Note that the automated Flex 96 Program Steps 1 to 6 are performed by the KingFisher processor (robot) using a

carousel of plates preloaded with each buffer.
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This allowed for DNA to be extracted by both methods
in the same plate under identical automated run
conditions.

To develop the shrimp DNA extraction (SDE)
protocol, a series of trials were run to optimize buffer
compatibilities (Table 2). The SDE protocol was
standardised to use 96-well plates and extract DNA from
12-20 mg tissue samples in 200 pl Tissue Digestion
Buffer (ProK Digestion Buffer) containing 20 ul cut 20
mg/ml Proteinase K (ProK). To expedite digestion, the
plate was shaken (200 rpm) at 56°C for 3 h using a Ratek
OM11 Medium Orbital Shaking Incubator. In trials to
assess various buffer permutations, larger amounts of
minced muscle tissue were digested similarly in sterile
50 ml screw-cap centrifuge tubes using proportionally
increased volumes of ProK Digestion Buffer. After
centrifuging briefly to pellet residual particulate matter,
200 pl aliquots of clarified digest were transferred to
each well of a 96-well deep-well plate containing 300 pl
Lysis Buffer and 20 pl 10 mg/ml RNase A. The plate was
shaken gently at room temp for 10 min using a
Thermomixer (Eppendorf) before being loaded into the
carousel of the KingFisher processor. Typically, 2 of 4
replicate wells of each lysate were extracted to assess
DNA extraction reproducibility. To extract DNA from
salmon tissue, single fin tips (35-44 mg) were digested in
1 ml ProK Digestion Buffer, with 200 pl aliquots of
clarified digest then transferred to 4 replicate wells to
be extracted as for shrimp tissue.

To optimise the SDE protocol, 4 different ProK
Digestion Buffer formulations [ProK Buffer 1a (25 mM
Tris-HCI, 25 mM Naz-EDTA, 2 M GuHCI, 5 mM CaClz, 0.5%
Triton X-100, 1% N-Lauroylsarcosine, pH 7.5), ProK
Buffer 1b (2 x concentration of 1a) (Psifidi et al., 2015),
ProK Buffer 2 (30 mM Tris-HCI, 30 mM Na»-EDTA, 0.8 M
GuHCI, 0.5% Triton X-100, 5% Tween-20, pH 5.3) and
ProK Buffer 3 (30 mM Tris-HCI, 10 mM Naz-EDTA, 3 M
GuHCl, 0.5% Triton X-100, 5% Tween-20, pH 8.0)] were
compared to that provided in the MGD Kit. Initially these
buffers were evaluated with either the MGD Kit buffers
and magnetic beads or the WBC DNA protocol buffers
used with Silanol magnetic beads (Table 2 Trial 1A; Table
3). As DNA was extracted at substantially higher yields
and purity using the MGD Kit buffers and beads (see
below), each buffer used in the WBC DNA protocol was
evaluated systematically for its compatibility with the
MGD Kit buffers. When DNA vyields and/or purity were
unacceptably low, the suspected incompatible buffer
was modified and re-evaluated.

The outcome of these buffer optimization trials
was a SDE protocol that used ProK Buffer 1b, SDE Lysis
Buffer (50 mM Tris-HCl, 25 mM Naz-EDTA, 6 M GuSCN,
3% Triton X-100, 6% N-Lauroylsarcosine, pH 5.5), a
modified SDE Wash Buffer 1 (25 mM Tris-HCl, 1.8 M
GuHCIl, 75% EtOH, pH 6.6) and a modified SDE Wash
Buffer 2 (10 mM Tris-HCI, 100 mM NacCl, 80% EtOH, pH
6.6). To help preserve DNA integrity during long term
storage, DNA was eluted from beads using low-EDTA TE

Buffer (10 mM Tris-HCl pH 7.5, 0.1 mM Na2-EDTA) rather
than water. The 4 commercially-available magnetic
bead types tested for their compatibility with the SDE
protocol buffers are detailed in Table 3.

DNA Yield and Purity Assessments

To assess DNA yield and relative purity, 2 ul each
extract was assessed in triplicate on a Nanodrop
ND8000 UV spectrophotometer (Thermo Scientific
2010; Gallagher 2011). The Az6o/280nm ratio provided an
estimate of levels of protein contamination and the
A260/230nm ratio provided an estimate of contamination
with salts, with ratios 21.8 and >2.0, respectively, at pH
7.5 considered to represent high-purity DNA (URL5).

SNP Genotyping

To validate its amenability to downstream
analyses, shrimp DNA extracted using the SDE protocol
in combination with the AccuBead, Silanol or Sera-Mag
bead magnetic bead types (Table 3) was genotyped
using 2 MassARRAY panels (Sellars et al., 2012, URLS6,
Agena Bioscience) at the Australian Genome Research
Facility (AGRF), Brisbane, Australia. Each MassARRAY
panel was in routine use at the time for tracking
pedigrees and genetic diversity within cohorts of P.
monodon, and had the capacity to assign SNPs in 60 to
61 PCR products amplified in a single reaction using a
highly multiplexed set of iPLEX PCR primer pairs
(Henshall, Dierens, & Sellars 2014; Sellars et al., 2012,
Agena Bioscience). In this analysis, each SDE
protocol/bead type combination was used to extract
DNA from 22-24 replicates of a bulk digest of muscle
tissue from a single shrimp and was compared to DNA
extracted from muscle of the same shrimp using the
MGD Kit. Prior to being genotyped, the relative purity
and concentration of each DNA was determined, and it
was normalised to 25 ng/ul in low-EDTA TE Buffer to
negate SNP call differences due to concentration-
related factors.

Results and Discussion

Comparison of MGD Kit and WBC DNA Protocols

In initial comparisons, DNA was extracted in
duplicate using equal weights of abdominal muscle
tissue from the same shrimp and either the MGD Kit or
the WBC DNA protocol used with Silanol beads (Psifidi
et al., 2015). The volume of each WBC DNA protocol
buffer was adjusted proportionally so that DNA could be
extracted under identical KingFisher processor run
conditions optimized for use with the MGD Kit buffers
(Table 1, Table 2 Trial 1A, Figure 1A). Duplicate
extractions using either method generated uniform DNA
yields. However, yields obtained with the WBC protocol
buffers (49.6 * 2.3 ng/ul) were ~2.6-fold lower than with
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Table 2. Trials run to optimise the SDE protocol

Trial Extract ID Tissue Bead type Bead ProK Pooled Lysis Wash Wash
weight volume Buffer ProK Buffer Buffer 1 Buffer 2
(mg) () Type Buffer
1A 1 12 Sil 25 WBC N WBC WBC WBC
2 12 MGD 25 MGD N MGD MGD MGD
1B 3 20 MGD 25 MGD Y MGD MGD MGD
4 1a
5 1b
6 2
7 3
2A 8 12 MGD 25 1b Y MGD MGD MGD
9 WBC MGD MGD
10 WBC MGD WBC
11 MGD WBC MGD
12 WBC WBC MGD
13 MGD MGD WBC
2B 14 13 MGD 25 1b Y MGD MGD MGD
15 MGD SDE MGD
2C 16 12 MGD 25 1b Y WBC SDE SDE
17 WBC MGD WBC
18 WBC WBC MGD
3 19 20 MGD 3 MGD Y MGD MGD MGD
20 6
21 12
22 24
23 MGD 3 1b Y WBC SDE SDE
24 6
25 12
26 24
27 Accu 3
28 6
29 12
30 24
31 Ag 3
32 6
33 12
34 24
35 Sil 3
36 6
37 12
38 24
39 SM 3
40 6
41 12
42 24

Abbreviations: WBC = White Blood Cell protocol (Psifidi et al., 2015); SDE = Shrimp DNA Extraction protocol; MGD = MagJET

Genomic DNA protocol

Bead types: MGD = MGD Kit beads; Accu = AccuBead silica-coated beads; Sil = Silanol functional beads; SM = Sera-Mag
SpeedBead Carboxylate-modified beads; Ag = Agencourt AMPure XP beads

ProK = Proteinase K

the MGD Kit (131.0 + 6.5 ng/pl) (Figure 1A). While the
A260/280 nm ratio of the WBC protocol DNA was only
slightly lower (1.80 + 0.03) than the MGD Kit DNA (1.88
+ 0.02), its Aze0/230 nm ratio was non-ideal (1.25 + 0.03)
(Figure 1A). The lower DNA yield and purity suggested
WBC protocol buffer incompatibilities with shrimp
muscle tissue and/or the KingFisher processor bead
binding and washing program steps that either
compromised DNA binding to the magnetic beads or

promoted its premature detachment and the carryover
of salts (URL5). To identify which buffers were
incompatible, each was evaluated systematically and
modified as required.

Proteinase K Digestion Buffers

To assess the influence of different ProK Digestion
Buffers, the WBC DNA ProK Buffer at 1x (ProK Buffer 1a)



51
GenAqua 3(2): 47-56 (2019)

Table 3. Commercially-available magnetic bead types assessed

Name Vendor (Australia) Catalogue No. Cost/sample*
(AUD)

Silanol functionalized beads Advance Scientific PMSI-H1.0-5 $0.25

Products

AccuBead™ Silica coated Bioneer Pacific TA-1010-1 $0.02

Sera-Mag SpeedBead Carboxylate- GE Life Sciences 65152105050250 $0.09

modified

Agencourt AMPure XP Beckman Coulter Life A63881 $0.02

Sciences

* Approximate minimum cost based on the use of 3 ul beads/DNA extraction in 2019.
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Figure 1. Yields and purity (A260/280 nm; A260/230 nm) Of DNA extracted in different trials using equal amounts of shrimp
abdominal muscle tissue and various DNA extraction reagent permutations as described in Table 2. Trial 1A compared the
WBC DNA (1) or MGD Kit (2) extraction protocol buffer sets. The WBC DNA protocol employed Silanol functional beads and
data points represent the mean + SD of duplicate extractions. Trial 1B compared the MGD Kit (3) extraction protocol to this
protocol used with the Kit ProK buffer substituted by ProK Buffers 1a (4), 1b (5), 2 (6) or 3 (7), with data points representing

the mean + SD of duplicate extractions.

and 2x concentration (ProK Buffer 1b) as well as 2 other
buffer recipes (2 and 3) were compared against that
used in the MGD Kit. For this, 50 mg shrimp muscle
tissue was digested in 0.5 ml each buffer containing 50
ul 20 mg/ml ProK, with duplicate 200 pl aliquots of
clarified digest then processed in the KingFisher
processor using MGD Kit Lysis and Wash Buffers (Table
2 Trial 1B, Figure 1B). UV spectral analysis showed DNA
yields with the MGD Kit ProK Digestion Buffer (406.2 +
67.6 ng/ul) and ProK Buffer 1b (399.3 £ 79.4 ng/ul) to be
2- to 3-fold higher than those obtained using the other
3 buffers assessed. A260/280 nm ratios with DNA extracted
using any of the 5 buffers were >1.8, but highest with
the MGD Kit buffer (1.93 + 0.02) (Figure 1B). A260/230 nm
ratios were highest using ProK Buffer 1a (2.39 + 0.07),
but also >2 with DNA extracted using either the MGD Kit
buffer or ProK Buffer 1b (Figure 1B). The DNA yield and
purity data obtained in this trial suggested that ProK
Buffer 1b, which contained the highest concentration of

GuHCI (4 M), compared well with the MGD Kit ProK
buffer when used together with the MGD Kit magnetic
beads and Lysis/Wash Buffers.

Lysis Buffer and Wash Buffers

As ProK Buffer 1b generated high yields of high-
purity DNA when used together with MGD Kit lysis and
wash buffers, it was selected as the basis for identifying
compatible alternative lysis and wash buffers. To
examine this, 24 mg amounts of muscle tissue from the
same shrimp were digested in 400 ul ProK Buffer 1b
together with 40 pl 20 mg/ml ProK, with duplicate 200
ul aliquots of clarified digest then extracted using
various permutations of MGD Kit and WBC protocol lysis
and wash buffers (Table 2 Trial 2A, Figure 1). Compared
to extractions with the MGD Kit buffers (18.0 + 2.1
ng/ul), a higher DNA yield was obtained with the WBC
DNA protocol lysis buffer used together with the MGD
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Kit wash buffers (30.0 £ 0.3 ng/ul). While DNA purity
(A260/280 nm; A260/230 nm ratios) was somewhat reduced
(1.88 + 0.15; 2.06 * 0.11) compared to that extracted
using the MGD Kit buffers (1.92 £ 0.12; 2.51 + 0.41), they
were considered acceptable. Likewise, the WBC
protocol Wash Buffer 2 did not substantially
compromise DNA yield or purity (MGD kit/WBC protocol
A260/280 nm 1.89 + 0.02/1.87 * 0.15; Aze0/230 nm 2.25 *
0.08/2.19 + 0.16). However, DNA yields obtained using
the WBC protocol Wash Buffer 1 were unacceptable low
(2.7 £ 1.0 ng/pl).

To examine wash buffer compatibilities with the
optimised ProK Buffer 1b and Lysis buffer, the propanol
component of Wash Buffers 1 and 2 was replaced with
higher concentrations of ethanol as specified for use in
the MGD Kit wash buffers. Extraction using the revised
WBC protocol Wash Buffer 1 improved DNA yield by
~40% with only a small reduction in DNA purity based on
Az60/230nm Values (Table 2 Trial 2B, Figure 2). Extraction
using ethanol-containing Wash Buffers 1 and 2
produced markedly higher yields of high-purity DNA
compared to extractions undertaken with combinations
of MGD Kit and WBC protocol wash buffers (Table 2 Trial
2C, Figure 2). As DNA yields and purity were comparable
to those obtained using all MKG kit buffers, this
combination of buffers was adopted as the SDE
protocol, albeit with the remaining need to assess its
performance with alternative magnetic bead types to
that used in the MGD Kit.

B
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Magnetic Bead Optimisation

To determine DNA yields and purity using the SDE
protocol buffers with any of 4 commercially-available
magnetic beads, 4 replicate 200 pl aliquots of a clarified
bulk digest of 300 mg shrimp muscle in 4 ml SDE ProK
Buffer 1b were each added to 300 ul SDE Lysis buffer and
extracted as described in Table 1 using 3 pl, 6 pl, 12 pl or
24 ul of each bead type (Table 2 Trial 3, Figure 3). As a
control, an equivalent amount of shrimp muscle tissue
was extracted using MGD Kit buffers and beads. DNA
yields generally increased as bead amounts were
increased from 3 pl and 24 pl, except with AccuBeads
where DNA vyields were highest using 6 pl beads and
decreased using higher bead amounts. Using the SDE
protocol buffer set, DNA yields with either Silanol or
Sera-Mag beads equalled or bettered those obtained
using the MGD Kit beads. DNA yields were generally
somewhat lower using equivalent volumes of AccuBead
or Agencourt AMPure-XP beads. Despite this, the purity
of DNA obtained using any volume of AccuBeads (A260/280
nm Values >2) surpassed that of DNA extracted using the
MGD Kit buffers and beads. While generally >1.8, A2s0/280
nm ratios of DNA extracted using the SDE protocol buffers
together with MGD Kit, Silanol or Sera-Mag beads were
slightly inferior to those of DNA obtained using the MGD
Kit buffers with equivalent amounts of each bead type
(1.96 £ 0.01 to 1.99 £ 0.02).

When the bead volume used in a SDE protocol
extraction resulted in an acceptable DNA yield, A260/230
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Figure 2. Yields and purity (Azs0/280 nm; Az260/230nm) Of DNA extracted in different trials using equal amounts of shrimp
abdominal muscle tissue and various DNA extraction reagent permutations as described in Table 2. Trial 2A compared use of
ProK Buffer 1b in combination with the MGD Kit Lysis Buffer (8, 11, 13) and Wash Buffers 1 (8, 13) and 2 (8, 11) or with the
Lysis Buffer (9, 10, 12), Wash Buffer 1 (11, 12) and Wash Buffer 2 (10, 13) replaced by buffers used in the WBC DNA protocol
(Psifidi et al., 2015). Data points represent the mean * SD of duplicate extractions. Trial 2B compared use of ProK Buffer 1bin
combination with the MGD Kit lysis and wash buffers (14) or with the MGD Kit Wash Buffer 1 replaced by SDE protocol Wash
Buffer 1 (15). Data points represent the mean + SD of 4 replicate extractions. Trial 2C compared use of ProK Buffer 1b in
combination with WBC DNA extraction protocol Lysis Buffer (16, 17, 18), and the various permutations of MGD Kit, WBC DNA
protocol and SDE protocol Wash Buffers 1 (17, 18 and 16, respectively) and 2 (18, 17 and 16, respectively). Data points

represent the mean + SD of 4 replicate extractions.
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Figure 3. Trial 3 as described in Table 2 compared yields and purity (Az260/280 nm; A260/230 nm) Of DNA extracted from equal
amounts of shrimp abdominal muscle tissue using either all MGD Kit reagents in combination with 3 pl, 6 pl, 12 pl or 24 pl
volumes of Kit magnetic beads (19-22) or the SDE protocol reagent set used with the same volumes of MGD Kit (23-26),
AccuBead™ Silica-coated (27-30), Agencourt AMPure XP (31-34), Silanol (35-38) or Sera-Mag SpeedBead Carboxylate-modified
magnetic beads (39-42). Data points represent the mean * SD of 4 replicate extractions.

nm ratios of DNA obtained using the same bead volumes
were slightly lower with DNA recovered from Silanol or
Sera-Mag beads (1.74 + 0.02 to 1.68 + 0.02) and slightly
higher with DNA recovered from AccuBeads (2.40 + 0.26
to 2.54 + 0.09) compared to DNA recovered using the
MGD Kit (2.06 £ 0.18 to 2.30 + 0.02) (Figure 3). Overall
these data indicated that any of the 4 magnetic bead
types tested could be used successfully with the SDE
protocol buffer set to extract DNA at acceptable yields
and purity, and thus could be selected based on local
availability, cost and DNA yield/purity requirements.

SNP genotyping SDE protocol DNA

DNA extracted from muscle tissue of a single
shrimp using either the MGD Kit or the SDE protocol in
combination with AccuBead, Silanol or Sera-Mag beads
was genotyped in 2 SNP-based MassARRAY panels each
employing 60-61 multiplexed pairs of iPLEX PCR primers
(Sellars et al., 2012). SNP call rates were high (298%)
irrespective of extraction method or bead type used
(Table 4). Of the 121 SNPs assessed, PCR primer pairs
targeting 9 failed across all 94 DNA samples irrespective
of the extraction method, indicating that sequence
variations existed in the shrimp tested at these genome
locations. The other 112 SNPs were generally called
accurately with good confidence, except for 1 DNA
sample (SM-10) that failed across all 121 SNPs,
suggestive of a technical issue with this sample, and for
9 other samples scattered across the different DNA
extraction groups in which 1 or 2 of 3 specific SNPs were

either miscalled or not called (Table 4). As Az60/280 nm and
A260/230 nm ratios were >2 for these 10 DNA samples,
issues with their purity were unlikely. As such, it is
possible the aberrant SNP calls arose from the PCR
primer pairs targeting these 3 SNPs being somewhat less
competent at amplifying DNA and thus more prone to
failure in samples where pipetting inconsistencies might
have resulted in slightly less DNA template being
present. Overall, DNA extracted using the SDE protocol
together with any of the 3 bead types tested produced
SNP call data that were indistinguishable from DNA
extracted using the MGD kit, and that would be more
than adequate for pedigree assignment or genetic
variability analyses.

SDE Protocol Use to Extract DNA from Salmon Fin Clips

To assess how well the SDE protocol might perform
with other aquaculture species highly reliant on
genotyping to manage selected breeding lines, it was
used to extract DNA from Atlantic salmon fin clips. When
used together with AccuBead, Silanol or Sera-Mag
magnetic beads, DNA yields were between 18% to 37%
of DNA extracted using the MGD Kit (Figure 4). However,
A260/280 nm ratios equalled or bettered those of DNA
extracted using the MGD Kit, and while Aze0/230 nm ratios
were slightly lower (Figure 4), all were >2 indicative of
the DNA being highly pure and thus amenable to even
demanding downstream processing and genetic
analyses (Thermo Fisher 2010).
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Conclusions

To exploit the use of the automated magnetic
bead-based KingFisher™ Flex Magnetic Particle
processor, a buffer set was systematically optimized for
the high-throughput extraction of high-purity DNA from
shrimp muscle tissue. This shrimp DNA extraction (SDE)
protocol was developed to reduce the costs of using
commercial DNA extraction kits (Claassen et al., 2013;
Dauphin et al., 2009a, 2009b, 2011; Lim et al., 2018;
Mertens et al., 2014). This is important as the costs of
relying on kits can be prohibitive in breeding programs
requiring many thousands of shrimp to be genotyped to
assign pedigrees using SNP-based MassARRAY panels
(Sellars et al., 2012, Agena Bioscience), or to interrogate
large SNP numbers using technologies such as DArTSeq
(Diversity Arrays Technology) to associate phenotypes

with genotypes. While broadly established from buffers
developed to extract DNA from white blood cells (Psifidi
et al., 2015), key to recovering high purity DNA from
shrimp muscle tissue were wash buffers employing
ethanol rather than isopropanol and identifying
commercially-available magnetic bead types that would
recover DNA at high efficiency. When the SDE protocol
was used with AccuBead, Silanol or Sera-Mag magnetic
bead types, the call rate for 112 SNPs assessed using a
MassARRAY method (Agena  Bioscience) was
comparable to DNA extracted from shrimp muscle using
the MGD Kit buffers and beads (Thermo Scientific)
optimized for use with the KingFisher processor. The
SDE protocol also proved capable of extracting high-
purity DNA from salmon fin tips. Using reagent amounts
purchased in sufficient quantities to prepare buffer
volumes to extract 500 to >4000 tissue samples, and

Table 4. Yields and purity of DNA extracted from shrimp muscle tissue using the MGD Kit or SDE protocol in combination with 3
magnetic bead types and call rates for 121 SNPs determined in MassARRAY-based genotyping analyses

Bead Tissue Plate well DNA vyield and purity SNP DNA samples in which

Type replicates position Mean yield A260/280 nm A260/230 nm call failed/aberrant SNP calls
(ng/ul) rate were detected

MGD 1-24 1-24 171.3+2.8 2.06 £ 0.00 2.28 £ 0.00 99% MGD-19A*

Accu 1-24 25-48 49.0+3.3 2.07£0.01 2.64 £ 0.05 98% Sil-17A, Sil-21A8

Sil 1-24 49 -72 120.3+5.5 2.04 £0.01 2.10+£0.02 100%

SM 1-22 73-94 126.1+1.9 2.04 £0.00 2.24 £0.01 98% SM-7A, SM-9AB, SM-104, SM-

12**, SM-15€, SM-16€, SM-
17¢

Abbreviations: MGD = MGD Kit beads, Accu = AccuBead; Sil = Silanol bead; SM = Sera-Mag bead
* Letter codes denote same failed SNP in different DNA sample replicates (numbered sequentially 1 - 22/24)

** No data with all SNPs
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Figure 4. Yields and purity (A260/280 nm; A260/230 nm) Of DNA extracted from equal weights of salmon fin clip tissue using either the
(A) MGD Kit or the SDE protocol using (B) Sera-Mag SpeedBead Carboxylate-modified, (C) Silanol or (D) AccuBead™ Silica-
coated magnetic beads. Data points represent the mean + SD of either 4 replicate extractions using equal volumes from a

single large ProK tissue digest.
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depending on which bead type is used, the costs per
DNA extraction of using the SDE protocol were
estimated to be 2- to 3-fold lower than using the MGD
or other comparable kits. The SDE protocol thus offers
potential to substantially reduce genotyping and
pathogen screening costs in research projects and
breeding programs aimed at improving the efficiency,
quality and outputs of valuable aquaculture species such
as shrimp and salmon.
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