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Executive Summary 

The National System for the Prevention and Management of Marine Pests requires tools for 

the detection and monitoring of marine pests.  Recent development of taxon-specific 

quantitative polymerase chain reaction (qPCR) assays that screen plankton samples for 

marine pests has been successful (Bott et al., 2010a; Bott and Giblot-Ducray, 2011a; 2011b; 

2012).  While qPCR assay development is a vital step towards implementing routine 

molecular surveillance for marine pest species, the development of effective collection and 

storage methods that preserve nucleic acids for subsequent molecular analyses is equally 

important. 

In this project, we have determined that freeze-dried adult brine shrimp (Artemia sp.) are 

suitable internal controls for monitoring sample preservation in field collected material that 

will be examined using qPCR assays. We have also illustrated that the nucleic acid fixative 

RNAlater® adequately preserves the plankton sample at both ambient temperature and 4 °C 

for up to 7 days under laboratory conditions. This study shows that the SARDI Root Disease 

Testing Service (RDTS) DNA extraction system can extract analytical quality DNA directly 

from a qualitative paper filter.  Two collection and preservation strategies are presented, the 

first utilising filtration of plankton samples in the laboratory and the second employing field 

filtration.  Laboratory and field validation trials have illustrated that both methods show 

promise as plankton sampling and preservation methods for downstream molecular 

analyses.  We also discuss future steps to improve and build on the methods we have 

developed for the monitoring of marine pests from ports and harbours, including; continuing 

to troubleshoot the sampling protocol and quality assurance procedures, calibration of DNA 

extraction techniques from a wider variety of field samples, and field validation of the entire 

sampling system from a wide variety of geographical locations. 
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Introduction 
Various molecular techniques have been adapted for screening environmental samples for 

marine pests (see Darling and Blum, 2007; Bott et al., 2010). Among these, polymerase 

chain reaction (PCR) and quantitative PCR (qPCR) assays are favoured because they are 

highly specific and have relatively low development costs (see Bott et al., 2010; Darling and 

Mahon, 2011). Quality and integrity of the DNA sample is critical for successful molecular 

analysis. DNA is particularly susceptible to degradation, and preservation of DNA in 

environmental samples between collection and analysis, including filtration, storage/transport 

and DNA extraction remains a challenge. Sampling protocols need to be optimised to 

maximise detection of target marine pests, and be practical for use on a vessel and/or in 

remote field conditions. The protocol must be sufficiently robust to account for variation in 

biomass and composition of the plankton samples, but be simple enough to be used for a 

large number of samples in a routine survey. 

To assess the efficacy with which our proposed protocols preserve DNA in plankton 

samples, we needed an internal control.  Brine shrimp (Artemia spp.) were identified as a 

candidate qualitative and quantitative internal control to spike environmental samples. A 

published qPCR assay for the detection of Artemia franciscana was available (Mackie and 

Geller, 2010). The assay was assessed for detecting other Artemia spp. and adapted to the 

laboratory conditions used by SARDI Diagnostics services. The specificity of the assay, 

which was developed in the USA, was assessed against related and unrelated Australian 

species, including some species that are known marine pests and for which tests are being 

developed. 

In this study, we investigated the efficacy of RNAlater® at preserving DNA in plankton 

samples, using brine shrimp DNA as a marker for degradation during storage. We used the 

adapted brine shrimp assay to determine which preservation/processing protocol best 

preserved DNA in plankton samples.  
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Methods and Results 

Choice of internal control 

The internal control for DNA preservation in plankton samples had to be easy to access, not 

be endemic to areas where sampling would occur and be relatively easy to use in field 

applications. The brine shrimp, Artemia spp., complied with these requirements: they are (1) 

inexpensive to access and produce and (2) inhabit hyper-saline environments and are 

unlikely to be found naturally in marine sampling areas. Mackie and Geller (2010) developed 

two qPCR assays for the detection of A. franciscana, a North American brine shrimp, one 

from the cytochrome c oxidase 1 gene of mitochondrial DNA and the other from the short 

sub-unit (SSU) of ribosomal DNA.  The SSU assay was the most applicable for detecting the 

DNA of Artemia sp. commercially available in Australia.  It was therefore adapted to the 

SARDI Diagnostics preferred Taqman-Minor Groove Binding (MGB) format so all assays 

utilise the same technology.  We tested this modified assay against a range of marine 

species, including the marine pests that would be targeted during surveys, to evaluate its 

suitability as a positive control. We found that the qPCR does not cross-react with any other 

species we have tested.  Figure 1 shows the amplification plot of the brine shrimp qPCR 

assay and Table 1 the results of specificity testing. 

 

 

Figure 1: Amplification plot for brine shrimp Artemia sp. qPCR assay specificity testing.  
Amplification lines above the green threshold are Artemia sp., indicating the assay is specific 
to Artemia sp. 
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Table 1: Results of specificity testing of the brine shrimp qPCR assay 

Sample Sample name Genus Species DNA 
(pg/µl) 

qPCR result 
Ct (threshold 
0.2) 

1 Ci1 Ciona intestinalis 200 UD 

2 Aa1 Ascidiella aspersa 200 UD 

3 QMS001 Perna viridis 200 UD 

4 QMS002 Limnoperna securis 200 UD 

5 QMS005 Musculus miranda 200 UD 

6 QMS006 Musculus cummingianus 200 UD 

7 QMS010 Perna viridis 200 UD 

8 QMS012 Modiolus micropterus 200 UD 

9 QMS014 Trichomya hirsutus 136 UD 

10 Ms1.2 Musculista senhousia 200 UD 

11 PC1 Perna  canaliculus  200 UD 

12 Pv2 Perna viridis 200 UD 

13 Und1 Undaria pinnatifida 200 UD 

14 Cm1.1 Carcinus  maenas 200 UD 

15 Brine shrimp 
lot#1 

Artemia sp.  200 18.93 

16 Brine shrimp 
lot#2 

Artemia sp. 200 18.63 

17 ntc       UD 
 UD: undetected; ntc: negative control 

Note: qPCR results are given in an arbitrary unit called Cycle threshold (Ct). The lower the Ct 

value, the more DNA in the sample. When using a standard curve, this Ct value can be 

converted into amount of DNA.  

 

Choice of filter 

Filtration is commonly used to concentrate plankton samples for molecular surveillance of 

planktonic larval invertebrates (Deagle et al., 2003; Patil et al., 2005; Darling and Tepolt, 

2008). An experiment was designed to compare Whatman filter paper grade 1 (47 mm 

diameter, Cat No 1001-047), Filtech filter paper grade 1803 (47 mm diameter, Cat No 1803-

047) and Advantec glass fibre filters (GF75, 47 mm diameter, 0.7 micron, Cat No EW-06646-

42) using brine shrimp eggs as the DNA source. Three different volumes of eggs that differed 

by an order of magnitude were loaded onto the filters using a micro-pipette, with 3 replicates 

of each volume per filter type. DNA was extracted from the filters, using 3 different protocols 

available at SARDI RDTS (Ophel-Keller et al., 2008). For each volume of eggs, DNA yields 

were compared between filter types and extraction protocols, using the brine shrimp qPCR. 
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Table 2: Effect of different type of filters and extraction protocols on detection of brine shrimp 
in qPCR 

Type of filter Volume of 

brine shrimp 

eggs (µl) 

Log transformed DNA amount  

Protocol 1 Protocol 2 Protocol 3 

Filtech paper 

filter  

30 4.2* 4.3 4.4 

300 5.4* 5.5 5.5 

3000 6.4* 6.5 6.6 

Whatman 

paper filter  

30 4.2* 4.4 4.4 

300 5.4* 5.5 5.5 

3000 6.5* 6.5 6.6 

Advantec 

Glass fibre 

filter 

30 4.2 4.3 4.1* 

300 5.4* 5.5 5.5 

3000 6.2* 6.3 6.5 

* For each treatment, DNA amount of the 3 replicates was averaged and log transformed 

(due to exponential PCR amplification) for statistical analysis. For each filter type and amount 

of eggs, the protocol giving the significantly lower yield is marked with an asterix. 

 

Recovery of DNA was always lower with protocol 1, except in one instance (Glass fibre 

filters, 30 l of eggs) where protocol 3 yielded the lowest DNA amount. Analysis of variance 

(using GenStat Release 10.1 for all statistical analyses in this report) confirmed that protocol 

1 yielded significantly less DNA than protocols 2 and 3, irrespective of the volume of brine 

shrimp eggs deposited on the filters and confirmed that glass fibre filters performed 

significantly less well than Filtech and Whatman paper filters (Table 2, F9, 54=8.83, p < 0.01). 

With the largest amount of eggs loaded onto the filters, DNA recovery with the glass fibre 

filters was lower than with the two other types of filters (Table 2). Accordingly, the Filtech 

paper filters were chosen for further use because they are less expensive than the Whatman 

filters and protocol 3 was selected because it was faster and easier to use for plankton 

samples than protocol 2.  
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Sampling protocol 

An initial protocol for plankton sample collection and storage was devised. 

Field: 

- Collect samples using plankton net and transfer to a specimen jar. 

- Add one adult brine shrimp to each sample. 

- Store on ice in esky until further processing.  

Laboratory: 

- Filter each sample through Filtech filter paper, under vacuum. Once water has 

drained, transfer filter to a 50 ml screw-cap tube and store as required. 

Experiments were first conducted to determine which brine shrimp internal control type (live, 

frozen or freeze-dried) was best for spiking the samples. Then, the effect of the length of 

storage and preservation of the samples before and after filtration was investigated. The 

preservation of DNA in the plankton samples was monitored using qPCR of the brine shrimp 

internal control. 

 

Brine shrimp internal control 

Preliminary observations showed that live brine shrimp survived several hours in plankton 

samples kept at 40 °C, without obvious degradation (i.e. changes in Ct). Marine plankton is 

not expected to withstand such conditions without degradation, so a more suitable brine 

shrimp type was required. The preservation of brine shrimp DNA was compared between 

frozen and freeze-dried brine shrimp kept under different conditions. This experiment also 

helped assess the variability in DNA content among individual adult brine shrimp and the 

suitability of RNAlater® as a preservation medium for brine shrimp.  The aim was to develop 

a storage method that preserved DNA (assessed by Brine Shrimp qPCR) that minimized 

nucleic acid degradation. 

Individual adult brine shrimp were subjected for 3 h to the following treatments: 

- One frozen adult brine shrimp in sterile distilled water on ice (8 replicates) 

- One frozen adult brine shrimp in RNAlater® at ambient laboratory temperature (8 

replicates) 

- One freeze dried brine shrimp in sterile distilled water on ice (8 replicates) 
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- One freeze-dried brine shrimp in RNAlater® at ambient laboratory temperature (8 

replicates)

 

In addition, four batches each  of 15 frozen and 15 freeze-dried adult brine shrimp were 

separately ground in 1.5ml sterile distilled water to which 0.04g sand was added. A total of 

1/15 (100 µl) of each resulting suspension, thus representing approximately 1 brine shrimp, 

was subjected to the same four treatments as above, with 4 replicates in each treatment.  

DNA was extracted using protocol 3 of SARDI RDTS and average DNA yields were 

compared between treatments using the brine shrimp qPCR assay. 

Residual maximum likelihood (REML) is a method that produces statistics similar to ANOVA, 

but does not require a balanced or independent data set (relevant here due to brine shrimp 

stocks being sub-sampled for experiments) and allows for spatial and/or temporal 

correlations, making it effective for repeated measures of experimental data (O’Neill, 2010).  

It is seen as an effective method to give unbiased variance parameters, is particularly 

effective in situations where multiple variables within an experiment require comparison, and 

is often utilised for statistical analysis of qPCR experimental data (R. Correll and I. Riley, 

pers. comm.).  REML analysis of the data showed that the treatment in which individual 

freeze-dried brine shrimp were stored in RNAlater® yielded significantly more DNA (lower 

mean Ct values) than any other treatment (Standard Error of Differences (SED)= 0.494, 

Table 3). It also appeared that the ground equivalent of one brine shrimp yielded less DNA 

(higher Ct value) than one whole brine shrimp subject to the same treatment (SED= 0.494, 

Table 3). Overall, freeze-dried brine shrimp was better (lower Ct value) than frozen brine 

shrimp, particularly when stored in RNAlater®. For this reason, and for the ease of storage 

and transport, individual freeze-dried brine shrimp were used for further experiments.   
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Table 3: Effect of different treatments on brine shrimp DNA preservation 

Sample 

No 

Ct value (Threshold 0.2) – 

Frozen brine shrimp 

Ct value (Threshold 0.2) – 

Freeze-dried brine shrimp 

In 

water 

Ground 

in 

water 

In 

RNAlater
®
 

Ground in 

RNAlater
®
 

In 

water 

Ground 

in 

water 

In 

RNAlater
®
 

Ground in 

RNAlater
®
 

3h on ice 3h at ambient 

laboratory temperature 

3h on ice 3h at ambient 

laboratory temperature 

1 22.6 22.7 21.4 22.1 21.7 22.9 20.6 22.8 

2 22.2 22.7 21.5 22.2 22.4 23.0 20.9 22.9 

3 22.8 22.8 21.2 22.0 21.9 23.0 20.4 23.0 

4 23.6 22.7 21.2 22.0 21.2 22.9 20.9 22.9 

5 23.6   23.0   22.9   20.2   

6 24.3   21.9   21.0   21.2   

7 20.9   20.3   22.4   21.8   

8 21.2   21.9   22.4   20.4   

                  

Mean 22.6 22.7 21.6 22.1 22.0 23.0 20.8 22.9 

* Standard error of differences (SED) = 0.494 

 

Storage and preservation of samples before filtration 

Some degradation of DNA of the brine shrimp internal control had been previously observed 

in plankton samples stored without preservative (data not shown). As described above, 

RNAlater® efficiently preserved brine shrimp DNA in experimental conditions, but the efficacy 

of RNAlater® for preserving plankton samples needed further investigation.  

Experiments assessing the effect of (1) RNAlater®, (2) length of storage and (3) temperature 

of storage on brine shrimp preservation were set up. We first examined the effect of short 

term storage before filtration. Three types of samples consisting of (1) 20 ml sea water, (2) 

20 ml sea water mixed with 40 ml of sterile distilled water (SDW) and (3) 20 ml sea water 

mixed with 40 ml of RNAlater® were prepared. One adult freeze-dried brine shrimp was 
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added to each sample. Each type of sample was stored for 0, 4, 6 and 24 h either at 4 oC (in 

a refrigerator) or on ice in an esky placed in an incubator at 28 oC, to mimic thermal 

conditions on a vessel on a moderate day.  There were five replicates per treatment per time 

point. After the required time, samples were filtered and all filters were stored individually in 5 

ml RNAlater® at 4 oC until DNA extraction. DNA was extracted using protocol 3 of SARDI 

RDTS, and DNA yields were compared between treatments using the brine shrimp qPCR 

assay (Table 4). 
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REML analysis of the short term storage experiment data (Table 4) showed that brine shrimp 

started to exhibit signs of degradation (increase in mean Ct values, as compared to time 0 

and brine shrimp control) after four hours of incubation in sea water or in sea water diluted 

with SDW, irrespective of the storage temperature, and degradation continued over time. In 

contrast, when kept with RNAlater®, no degradation was observed over 24 hours (Table 4). 

Table 4: Effect of different short term storage times and conditions before filtration on the 
preservation of brine shrimp in sea water 

 

Storage time before 

filtration* 

Storage at 4 
o
C 

Ct
#
 (threshold 0.2) – Mean of 5 replicates 

Sea water Sea water + 

SDW 

Sea water + 

RNAlater
®
 

0 h 20.1 20.2 20.0 

4 h 22.7 21.0 19.9 

6 h 22.9 19.6 21.4 

24 h 24.3 22.7 20.1 

 

 Storage time before 

filtration* 

Storage in esky kept at 28 
o
C 

Ct
#
 (threshold 0.2) – Mean of 5 replicates 

Sea water Sea water + 

SDW 

Sea water + 

RNAlater
®
 

0 h 20.1 20.0 19.8 

4 h 23.7 21.7 20.0 

6 h 23.1 21.3 20.1 

24 h 23.0 22.7 19.8 

* Brine shrimp was added at time 0 in all samples 

#
 Brine shrimp Ct in control extraction (1 brine shrimp, 1 filter, no sea water): 19.8 

SED = 0.5281 
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A second experiment investigated the effect of extended storage time in RNAlater® before 

filtration. Samples containing 20 ml sea water plus 40 ml RNAlater® and one adult freeze-

dried brine shrimp were exposed to 2 temperature conditions (ambient laboratory 

temperature, i.e. approx. 20 oC, and 4 oC), for 0, 1, 4, 7, 14 and 28 days. There were 5 

replicate samples per time point per storage condition. When required, samples were filtered 

and all filters were stored individually in 5 ml RNAlater® and kept frozen at -20 oC until DNA 

extraction. After thawing, DNA was extracted using protocol 3 of SARDI RDTS and DNA 

yields were compared between treatments using the brine shrimp qPCR assay (Table 5).  

 

Table 5: Effect of different long term storage conditions before filtration on the preservation 
of brine shrimp in sea water 

 

Storage time before 

filtration* 

Ct
#
 (threshold 0.2) – Mean of 5 

replicates 

20 ml sea water + 40 ml RNAlater
®
 

Ambient 

laboratory 

temperature 

4
o
C 

0 20.5 20.2 

1 day 20.7 20.5 

4 days 20.8 20.4 

7 days 21.1 20.5 

14 days 21.1 21.2 

28 days 21.5 21.2 

* Brine shrimp was added at time 0 in all samples 

# Brine shrimp Ct in control extraction (1 brine shrimp, 1 filter, no sea water): 

20.9 SED=0.5959 

 

During long-term storage, the preservative effect of RNAlater® was confirmed (Table 5). 

Although a slight increase in Ct values was observed after four days at ambient laboratory 

temperature and after seven days at 4 oC, REML analysis showed that the results were not 

statistically different. Ct values increased only slightly, even after 28 days, irrespective of the 

storage temperature, which suggested that degradation, if any, was minimal. 
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Storage and preservation of samples after filtration 

Preliminary experiments conducted to compare preservation methods showed that filters 

stored in RNAlater® preserved DNA better than those that were oven-dried or frozen before 

DNA extraction (data not shown). Experiments were conducted to assess the effect of 

extended storage of filters in RNAlater® on the preservation of brine shrimp DNA. Samples 

containing 20 ml sea water, 40 ml RNAlater® and one adult freeze-dried brine shrimp were 

prepared and filtered immediately. Individual filters were stored in 5 ml RNAlater® and 

subjected to 2 temperature conditions (ambient laboratory temperature, i.e. around 20 oC, 

and 4 oC), each for 0, 1, 2, 3, 7, 14, and 28 days. There were 5 replicate samples per time 

point per storage condition. After the required time, filters were frozen at -20 oC until DNA 

extraction using SARDI RDTS protocol 3 and DNA yields were compared between 

treatments using the brine shrimp assay. The entire experiment was then replicated to 

confirm results. 

Ct values did not change substantially during the course of the experiment, irrespective of 

the storage temperature, and REML analysis confirmed that there was no statistical 

difference between treatment time and temperature (Table 6). Similar results were obtained 

in the replicate experiment. 

  



12 

 

 

Table 6: Effect of long term storage conditions after filtration on the preservation of brine 
shrimp  

 

Duration of storage 

of filters in 

RNAlater
®
 

Ct
#
 (threshold 0.2) – Mean of 5 

replicates 

Brine shrimp 

control* 

Ambient 

laboratory 

temperature 

4 
o
C 

0 19.5 19.6 19.7 

1 day 19.5 19.6 19.4 

2 days 19.6 19.5 19.8 

3 days 20.0 20.2 18.8 

6 days 19.8 19.7 19.9 

14 days 19.9 19.6 20.0 

28 days 19.7 19.8 19.4 

 
#
 Ct in control extraction (1 brine shrimp, 1 filter, no sea water, kept in 

RNAlater
® 

for the time indicated) 

SED=0.4008 

 

Validation of the protocol with plankton samples 

Plankton samples were collected in the Port of Adelaide (34o 51’ S, 138o 30’ E). A plankton 

net (300 mm diameter, 1.6 m length, 150 µm mesh size) was towed from a vessel at 1-1.5 

knots for approximately 300 m at 26 sites around the port. After each tow, the sample was 

washed down to the cod end of the net, concentrated in ~40 ml of sea water, transferred to 

120 ml screw-capped containers and preserved by addition of ~80 ml of RNAlater®. 

Immediately after, one adult freeze-dried brine shrimp was added. The containers were 

stored on ice until filtration. The time between collection and filtration was 3.5-4 h. After 

filtration, filters were stored in 5 ml RNAlater® until DNA extraction. DNA extracts were tested 

for the brine shrimp internal control, as well as for seven marine pests using qPCR assays 

optimised in our laboratory for routine testing for Asterias amurensis, Carcinus maenas, 

Ciona intestinalis Corbula gibba, Crassostreas gigas, Musculista senhousia, Perna 

canaliculus, Sabella spallanzanii and Undaria pinnatifida.  
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Brine shrimp DNA could be detected in most of the samples with Ct values ranging from 18.4 

to 21.7, which was similar to that of the control (Table 7). One sample out of 26 (sample no. 

2 in Table 7), however, gave a very high Ct value. A. amurensis, C. gibba, C. gigas, M. 

senhousia, P. canaliculus and U. pinnatifida DNA were not detected in any of the samples. 

DNA of C. intestinalis and S. spallanzanii, two pests known to be present in the Port of 

Adelaide, was detected in 100% and about 30% of the samples, respectively. C. maenas 

was detected in only one sample with a Ct value of 26.2, which correspond to a 

concentration of 2000 fg of C. maenas DNA per microlitre of extract. This result is consistent 

with the sporadic occurrence of this pest in the Port of Adelaide area since 2004 (Wiltshire 

and Deveney, 2011). 
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Table 7: Assessment of sampling protocol on environmental samples. Port of Adelaide marine pest 
survey. 

Sample Brine 

shrimp 

Ct* 

Asterias 

amurensis 

Ct 

Carcinus 

maenas 

Ct 

Corbula 

gibba Ct 

Crassostrea 

gigas Ct 

Musculista 

senhousia 

Ct 

Perna 

canaliculus 

Ct 

Ciona 

intestinalis 

Ct 

Undaria 

pinnatifida 

Ct 

Sabella 

spallanzanii 

Ct 

1 18.4 UD UD UD UD UD UD 34.8 UD UD 

2 34.9 UD UD UD UD UD UD 31.8 UD 36.5 

3 19.6 UD UD UD UD UD UD 29.4 UD 36.6 

4 20.7 UD UD UD UD UD UD 32.1 UD 37.4 

5 19.7 UD UD UD UD UD UD 31.5 UD 38.4 

6 20.2 UD UD UD UD UD UD 31.5 UD UD 

7 19.1 UD UD UD UD UD UD 36.2 UD UD 

8 19.9 UD UD UD UD UD UD 33.2 UD UD 

9 20.2 UD UD UD UD UD UD 29.1 UD 37.2 

10 21.6 UD UD UD UD UD UD 31.8 UD 38.1 

11 20.4 UD UD UD UD UD UD 31.7 UD UD 

12 19.5 UD UD UD UD UD UD 37.2 UD UD 

13 19.4 UD 26.2 UD UD UD UD 23.3 UD UD 

14 20.4 UD UD UD UD UD UD 19.6 UD 39.5 

15 20.8 UD UD UD UD UD UD 20.7 UD UD 

16 20.0 UD UD UD UD UD UD 20.3 UD UD 

17 21.7 UD UD UD UD UD UD 21.2 UD UD 

18 20.7 UD UD UD UD UD UD 20.2 UD UD 

19 20.0 UD UD UD UD UD UD 27.9 UD UD 

20 19.8 UD UD UD UD UD UD 28.0 UD UD 

21 21.7 UD UD UD UD UD UD 27.6 UD UD 

22 19.7 UD UD UD UD UD UD 29.0 UD UD 

23 20.9 UD UD UD UD UD UD 30.5 UD 36.3 

24 21.6 UD UD UD UD UD UD 29.3 UD UD 

25 21.0 UD UD UD UD UD UD 29.4 UD UD 

26 18.9 UD UD UD UD UD UD 31.0 UD UD 

* All Ct values are given at threshold 0.2
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Spike improvement 

We observed that brine shrimp individuals vary in size, sex and presence/absence of an egg 

sac, which, amongst other factors, may affect their DNA content. For freeze-drying, brine 

shrimp were therefore individually visually sorted based on their size and the 

presence/absence of an egg sac and placed in 0.2 ml plastic tubes. Tubes containing brine 

shrimp of similar size and with or without eggs were kept as separate batches. 

The use of one freeze-dried brine shrimp to spike the samples collected for the Port of 

Adelaide pest survey, described above, revealed some variation between samples (Ct 

ranging from 18.4 to 21.7), which may be attributable to variation between the individual 

brine shrimp used for spiking rather than to storage or PCR issues. Also, one sample was 

completely out of the expected range. As freeze-dried brine shrimp are brittle, as well as very 

light, part of the spike might have been lost when transferring it to the sample on the vessel. 

Alternatively, the spike might have had a very low DNA content (i.e. just the carapace of the 

brine shrimp). 

An experiment was set up to evaluate the variation in DNA content between individual brine 

shrimp or between lots of three and five individuals. Thirty samples made of 20 ml sea water 

and 40 ml RNAlater® were prepared. One, three or five freeze-dried adult brine shrimp were 

added to each of 10 samples. Brine shrimp without an egg sac were used in this experiment. 

For each number of brine shrimp, five samples were filtered immediately and five others 

were filtered after 4 days at ambient laboratory temperature. After filtration, all filters were 

stored in 5 ml RNAlater® at -20 ºC until extraction.  DNA was extracted using protocol 3 of 

SARDI RDTS and mean DNA yields were compared between treatments using the brine 

shrimp qPCR assay (Table 8). 
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Table 8: Effect of the number of brine shrimp on variability of detection. 

 

 Number of brine shrimp 

1 3 5 

Storage time 

before 

filtration 

0 Ct
a
 21.5 19.2 18.3 

Stdev
b
 0.97 0.35 0.46 

CV
c
 4.52 1.82 2.50 

4 days Ct 21.6 19.2 18.9 

Stdev 0.79 0.57 0.43 

CV 3.65 2.94 2.30 

a
 Mean of 5 replicates; 

b
 Standard deviation; 

c 
Coefficient of variation 

 

As expected, the Ct values decreased with increasing number of brine shrimp (Table 8). The 

results for treatments using three and five brine shrimp showed lower standard deviation and 

coefficient of variation, but Bartlett's test for homogeneity of variances showed that there was 

no statistical difference between the variances of the treatments using one, three or five brine 

shrimp. However, we considered that the difference was big enough to justify using 3 brine 

shrimp in subsequent sampling events, in order to reduce the variability of the spike between 

samples. 

 

Final protocol 

Based on the results above, the following sampling protocol is proposed: 

- Collect samples using plankton net and transfer to a 120 ml polypropylene specimen 

container. Rinse with sea water and add RNAlater® at a ratio of two volumes 

RNAlater® for 1 volume plankton sample. 

- Add 3 freeze-dried adult brine shrimp to each sample. Brine shrimp from the same 

batch (similar size and with or without egg sac) to be used for one sampling event. 
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- Store in appropriate conditions until filtration. Samples can be stored without 

detectable damage to DNA for up to 4 days at room temperature and for up to 7 days 

at 4 oC. 

- Filter each sample through Filtech filter paper, under vacuum. Once water has 

drained, transfer filter to a 50 ml screw-cap tube. 

- Extract DNA immediately or store filters in 5 ml RNAlater®, ensuring filters and other 

materials are fully immersed in RNAlater®. Filters can be stored in RNAlater® at room 

temperature, 4 oC or -20 oC for up to a month without detectable damage to DNA. 

 

Results showed that filtration before storage improved preservation. A hand-held filtration 

device designed in Western Australia (Mathew Hourston, Department of Fisheries) has been 

used with success to allow filtration of the samples on the vessel, immediately after collection 

(Figure 2). 
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Figure 2: Picture of a hand-held filtration system (top) and schematic representation of the system (bottom) 
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The protocol proposed when using the hand-held filtration device is as follows: 

- Collect sample using plankton net and transfer to a specimen jar. Filter sample using 

hand-held filtration device. Depending on samples, the filter may become clogged 

and need changing to complete filtration. 

- Transfer filter(s) to a 120 ml polypropylene specimen container containing 

approximately 20 ml RNAlater®. Ensure that filters and other materials are fully 

immersed in RNAlater®.  

- Add 3 freeze-dried brine shrimp to each sample. 

- Store in appropriate conditions until filtration. Filters can be stored in RNAlater® at 

room temperature, 4 oC or -20 oC for up to a month without detectable damage to 

DNA. 

- Before extraction, filter each sample through Filtech filter paper, under vacuum to 

remove excess RNAlater® as the extraction protocol is affected by any amount of 

RNAlater® more than 5 ml. Transfer all filters in 50 ml screw-cap tube. 

- Extract DNA immediately.  

This second protocol presents the advantage of using less RNAlater® than the first. 

The two sampling protocols are presented as a flow chart (Figure 3). 
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Figure 3: Flow chart illustrating the two proposed sampling protocols. In the first option (left) 
samples are collected and preserved by addition of RNAlater® before filtration and DNA 
extraction. In the second option (right) samples are filtered immediately after collection using 
a hand held filtration system. Filters are then preserved in RNAlater® before DNA extraction.  
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Discussion 
 

One of the recognised issues associated with molecular analysis of marine plankton samples 

is the ability to keep the sample adequately preserved from collection to analysis, particularly 

when samples are to be collected from a wide variety of geographical locations and/or during 

remote field excursions.  For any analyses to be useful, the nucleic acid quality must be 

preserved so as to ensure the analyses are a true reflection of the sample at the time of 

collection. The key to achieving this is to develop a method to preserve the nucleic acid 

quality from the point of collection and provide a way of quantifying sample quality. In this 

project, we identified a suitable candidate, Artemia sp., to spike plankton samples, and used 

it to assess preservation over time. We also showed that RNAlater® is suitable for the 

preservation of plankton samples. In doing so, we have developed a framework for the 

preservation, and assessment, of DNA degradation in marine plankton samples. 

The qPCR assay for the detection of Artemia franciscana developed by Mackie and Geller 

(2010) was successfully adapted to a TaqMan MGB format and used to detect other Artemia 

species (brine shrimp) commonly used in the Australian aquarium trade. It proved to be 

sensitive and specific, failing to detect any of the marine pests in our collection. Brine shrimp 

inhabit lacustrine hypersaline environments with few aquatic predators and are not naturally 

found in marine environments, so there is negligible likelihood of capturing brine shrimp 

when sampling for marine pest surveys. 

Based on the assumption that brine shrimp DNA will be preserved or degrade similarly to 

marine pest plankton DNA in environmental samples, they were chosen to spike samples, 

and the brine shrimp qPCR assay was used to evaluate preservation methods.  Various 

processes were investigated, including freeze-drying, air drying and the use of preservatives.  

We found (see Tables 4-6) that the commercial preservative RNAlater® provides the best 

results for preserving samples.  qPCR results, comparing brine shrimp DNA amount in 

plankton samples and in controls not exposed to plankton, showed that the use of RNAlater® 

(2 vol. RNAlater® for 1 vol. plankton sample) prior to filtration preserved sample quality. 

Without preservative, substantial DNA degradation occurred in the first 4 hours of storage at 

4 oC, whereas RNAlater® preserved DNA for several days at ambient temperature. RNAlater® 

is well known for its efficacy at preserving nucleic acid in tissue samples (Nagy, 2010). The 

preservation observed in our experiments might be due to RNAlater® (1) changing the 

osmotic pressure of the sample (diluting seawater) thus limiting all biological activity and (2) 

preserving the nucleic acids and stopping decomposition.  
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Filtration onto a paper filter removes seawater and fixative and leaves only particulate matter 

from the sample.  The sample can then either have the DNA extracted, or can be re-stored in 

a smaller volume of RNAlater® and frozen for later extraction and analyses. 

PCR inhibitors are common in environmental samples (see Bott et al., 2010 and references 

therein) and it is important that measures are taken to monitor this phenomenon and to 

develop DNA extraction methods that minimise inhibition to reduce the occurrence of false 

negatives. The SARDI RDTS includes an internal control in every sample to be extracted in 

order to monitor for the effects of PCR inhibition. For plankton samples the brine shrimp 

qPCR assay will be used to monitor for sample quality from collection to the laboratory and 

the internal control qPCR assay will be used to monitor the success of the DNA extraction.  

Only samples that show adequate quality and no PCR inhibition will be analysed with the 

marine pest qPCR assays that we have developed at SARDI. 

The detection of C. maenas, C. intestinalis and S. spallanzanii in plankton samples collected 

in the Port of Adelaide proved that marine pest plankton can be efficiently detected using the 

sampling protocols proposed in this report. Here we proposed two different options, both of 

which produced similar results. Depending on the field situation and requirements of field 

staff, both protocols show potential for future use. Whenever possible, the onboard filtration 

(adapted from Mathew Hourston’s design, Department of Fisheries, WA), should be favoured 

as it uses less RNAlater®, reducing reagent costs. It also reduces the length of storage 

before filtration, which can be an advantage when samples are collected during long field 

trips. 

This project showed that plankton samples can be adequately preserved by RNAlater® and 

led to the design of two sampling/processing methods. Both offer relative simplicity of 

collection and storage, are robust and contain the necessary quality assurance procedures to 

ensure that samples that are not adequately preserved or stored are identified (brine shrimp 

spike) and that no PCR inhibition is responsible for negative results (DNA extraction spike). 

These methods still need to be implemented and validated with a wider range of plankton 

samples collected at different times of the year from various origins and containing different 

amounts of organic material. While we anticipate that these sampling methods may require 

adjustment, they provide a framework that can be built upon to deliver a robust and effective 

sampling strategy. 
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Future approaches 

An initial plankton sampling and storage protocol has been developed in this study that 

shows promise for future use for routine surveillance activities.  There is, however, scope for 

improving the methodology and a need to focus on the development of a complete service 

delivery system.  Steps to achieve this include: 

 Characterisation of a range of plankton samples from different geographic localities. 

We have encountered various categories of plankton samples (i.e. variation in weight 

and organic content) in our research to date.  It is vital that we are able to categorise 

samples in order to optimise DNA extraction procedures. 

 Continuing to improve and troubleshoot sampling protocol and quality assurance 

(QA) steps. While significant progress has been made with the development of 

sampling methods, there is still a need to further refine this to deal with samples that 

pose difficulties with DNA extraction. The hand-held filtration system needs 

improvement to make it more robust and able to cope with samples containing high 

levels of particulate matter. Such samples are anticipated when sampling events take 

place in warmer months and in phytoplankton bloom periods.  We would also look to 

improve QA procedures for DNA quality. While this study showed that freeze-dried 

brine shrimp are stable and easy to use for spiking plankton samples, the variability in 

the amount of brine shrimp DNA between samples remains relatively large. Blotting 

known amounts of brine shrimp DNA on stabilising filter paper (FTA paper, Whatman) 

may be a better option to spike plankton samples in the future.  This will allow more 

accurate assessments of sample quality. 

 Calibrate DNA extractions for the complete range of plankton samples (variations in 

weight and organic content). Variation in weight and content of plankton samples has 

potential implications for DNA extractions.  Sample variation may impact on assay 

sensitivity and potential for false negatives.  Without an optimised DNA extraction 

strategy, qPCR analyses may not be effective. 

 Field validation of the service delivery system. The assays should be validated at 

representatives of the major ports (2 tropical and 2 temperate) to confirm that they do 

not detect native fauna, which would give false positives.  If this occurs, qPCR assays 

would need to be re-designed.  The sampling regime needs to be optimised 

according to the biology of the pests (i.e. spawning period, location in the water 

column, larval behaviour) to increase the likelihood of detection. 
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