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Use of DNA in monitoring compliance with seabed mixing zone area limits


1. Introduction
[bookmark: _Toc231541515]This document provides guidance to operators of marine finfish farms on using DNA analysis to monitor seabed mixing zone compliance according to the biological standard specified in their farms’ permits. Specifically, this guidance describes:
· DNA method considerations and characteristics
· How samples should be collected, preserved, and analysed
· Provision of data to SEPA for assessment
The method for generating IQI scores from DNA analyses was developed by a collaborative research project managed by the Sustainable Aquaculture Innovation Centre, with the Scottish Association for Marine Science as the lead academic research partner. It is based on a machine learning algorithm trained using a dataset of matched bacterial DNA and invertebrate sample results.
DNA data collected and analysed by, or on behalf of, finfish farm operators in accordance with this guidance will be accepted by SEPA for compliance assessment purposes in lieu of data on marine benthic invertebrates. 
Information about how compliance is assessed using mixing zone area limits is described in the SEPA Seabed mixing zone limit: compliance assessment methodology. 

2. [bookmark: _Toc231541535][bookmark: _Toc231541537][bookmark: _Toc231998552]Method considerations
Before using this DNA-based monitoring method, consideration should be given to the performance characteristics of the method. 
The IQI scores generated from DNA results have a bias towards being lower than those calculated from invertebrate analyses. Consequently, the estimated distance from a farm along a monitoring transect to the IQI score indicating good seabed quality may be greater when using DNA-derived IQI scores than when using IQI scores calculated from invertebrate analyses.
For those farms with areas of deposition on the seabed close to the limit of the farms’ permitted mixing zone areas, or where carrying out a multi-transect survey for the first time, operators should plan to demonstrate compliance based on IQI scores calculated from invertebrate analyses.
 For farms operating well within their mixing zone area limits, the use of DNA-derived IQI scores to demonstrate compliance is expected to significantly reduce the time needed for sample analysis, enable faster assessments of compliance and offer potentially substantial efficiency savings.
3. [bookmark: _Toc231541598][bookmark: _Toc231998553]Collection
DNA samples should be taken directly from the same grab(s) used to collect samples of benthic invertebrates using the Measurement Assurance and Certification Scotland (MACS) standard for sampling of soft substrate. The samples should be taken from the sediment surface of the grabs prior to the grabs being emptied and their contents sieved.
Grabs with a surface area bite size of 0.1 m2, 0.045 m2 or 0.05 m2 must be utilised. 
The mouth of the grab should be carefully opened slightly to let water drain out and expose the sediment. If the sediment surface looks like it has been disrupted, for example by pressing against the doors of the grab, the grab should not be used for DNA sampling and a new grab should be taken. In soft muds, over-biting of the grab can be reduced by removing weights.
Samples should be taken across the surface of the grab as illustrated in Figure 1. When using a single 0.1 m2, 0.045 m2 or 0.05 m2 grab, 6 scoops of approximately 2-3 ml per scoop are taken from each point in the grab and these are combined into one sample. When using 2 x 0.045 m2 grabs, 3 scoops from each grab should be taken and combined into one sample. Care should be taken not to take scoops too deeply (no more than 1-2 cm depth). As a minimum, a final volume of 10ml per sample should be collected. It is possible to take multiple replicates from each grab up to a maximum of 3.
3.1.1. 

Figure 1. Example of points in one grab used or 2x 0.045 m2 grabs from which to take sediment scoops, combined in a single sample tube
[image: Diagram showing how sample points should be taken in different grab types. When using a single 0.1 m2, 0.045 m2 or 0.05 m2 grab, 6 scoops of approximately 2 to 3 ml per scoop are taken from each point in the grab and these are combined into one sample. When using 2 x 0.045 m2 grabs, 3 scoops from each grab should be taken and combined into one sample. ]
After the DNA sample has been taken from the grab, the remainder of the sample in the grab must be processed and the organisms within it preserved in accordance with the MACS performance standard. The preserved sample must be stored for later invertebrate analysis, should such analysis be required to demonstrate or corroborate compliance.
The Particle Size Analysis (PSA) sample for the monitoring station should be used to provide PSA data for subsequent derivation of the IQI score from invertebrate sample analysis, if undertaken.
The meta-data required to accompany DNA samples is largely the same as for benthic invertebrate samples:
· GPS coordinates
· Site name, transect number and sample station number
· Time and date
· Water depth
· Grab size used
· Sediment volume relative to grab volume (as a fraction i.e., ¼, ½, ¾ etc.)
· Sediment descriptor
  With the addition of:
· Time of preservation (i.e. the time a sample is first frozen)
· Approximate volume per DNA sample (ml)
· Additional comments 
4. [bookmark: _Toc231541599][bookmark: _Toc231998554]Preservation
Once a DNA sample has been taken, the sample must be labelled, sealed by screwing the lid on tightly and placed into a sealable bag and frozen as soon as possible.
If no freezer is available during surveying or transport from the vessel, the sample must be stored on ice in an insulated cooler box/bag.
A clean spatula should be used for each sample. Spatulas can be decontaminated and reused using the following procedure; soak spatulas in 10% bleach (prepared on day of use) for 10 minutes, then soak for a further 5 minutes in 5% Lipsol before triple rinsing in copious volumes of fresh deionised/distilled water.
NOTE: Bleach can negatively impact molecular methods, which could affect results, so every care should be taken to ensure that decontaminated equipment is thoroughly rinsed before it is reused.
Samples must be chilled and transferred to a freezer (-20°C or below) for storage as soon as possible (ideally within 4 hrs of collection). The time of preservation is recorded as the time samples are first frozen and not when placed on ice as an interim cooling measure. 
To preserve sample integrity, the number of freeze-thaw cycles that a sample is subjected to prior to DNA extraction should be kept to an absolute minimum and avoided altogether where practicable.
5. [bookmark: _Toc231541600][bookmark: _Toc231998555]Analysis
The procedures for DNA sample analysis described in this section should be followed to ensure consistency in the application of laboratory processes. Any deviation(s) must be reported when data is submitted to SEPA. All DNA results must be robustly assessed for both quality and quantity.
Laboratories performing this analysis should be set up to ensure no cross-contamination can occur by separating pre and post PCR-amplification tasks. At a minimum, all pre-PCR work should take place in a dedicated space. 
DNA extraction should be undertaken following the manufacturer’s instructions using a DNeasy PowerSoil Kit or DNeasy PowerMax Soil Kits (Qiagen). In brief, after a physico-chemical lysis stage microbial DNA is purified and collected via spin column technology.
NOTE Use of alternative DNA extraction kits may introduce bias and equivalence to recommended kits must be demonstrated before use.
The washes and buffers supplied in commercial kits should be used to help eliminate PCR inhibitors, such as humic substances, that may naturally occur in environmental samples.
An extraction blank must be run for every batch of extractions. Extraction blanks should use the same weight-by-volume of purified water in place of sediment.
The extraction blanks should be processed downstream in an identical fashion to DNA samples.
The bacterial gene marker-fragment-primer combination shown in Table 1 must be used to generate sequence output. For the primer sequences, degenerate nucleotide bases are underlined. 
Table 1. Marker indicating the specific region, forward (F) and reverse (R) primers, approximate amplicon length (AL, in base pairs) (reference: Klindworth, Preusse et al 2013)
	Marker
	Primer name
	Sequence
	AL

	16s (V3/V4)
	16s_V3-V4_F
	CCTACGGGNGGCWGCAG (17 bp)
	~460

	16s (V3/V4)
	16s_V3-V4_R
	GACTACHVGGGTATCTAATCC (21 bp)
	~460



The V3/V4 region of the 16S marker has been specifically incorporated into a standard protocol by Illumina2 for use on their high-throughput sequencers, and this should be followed.
The workflow follows a two-step polymerase chain reaction (PCR) that includes a primary PCR amplification (Amplicon PCR), in triplicate (pooled prior to bead clean-up), where the selected marker fragment is amplified using specific primers (Table 1), with Illumina overhang adapters attached to the 5’ end of the primers. 
A second PCR (index PCR) attaches Illumina-specific sequencing adapters and indices to the first PCR product according to the dual indexing strategy. A combination of forward and reverse indices allows for samples to be uniquely identified by the combination of these tags. This allows for demultiplexing of samples after sequencing to link sequences and samples.  Indexed libraries should then be quantified and normalised before being combined into a single pool.
Prior to pooling it is recommended that libraries are qPCR or fluorometrically quantified and assessed for size (final target ~630bp).
Before sequencing, the final pooled library should be denatured, diluted to ensure adequate clustering and have a PhiX internal control added. The final amplicon library, which should contain at least 5% PhiX, should then be loaded onto a Miseq reagent cartridge capable of 600 cycle runs. NB higher PhiX concentrations may be necessary to mimic diversity and ensure adequate sequencing.
To reduce bias, the following must be used for PCR reactions:
· 2x KAPA HiFi HotStart ReadyMix (default recommended option)
· bead-based purification systems providing they selectively bind fragments of the appropriate size.
Full details of any deviations from the Illumina 16S library preparation protocol must be supplied with data submissions.
The sequencer runs must be backed-up onto local storage facilities, it is also recommended the runs are linked to Illumina’s Cloud Storage (Basespace).
During and upon run completion, various run quality parameters should be monitored, including average Q30, which reflects average sequence quality and reliability as well as cluster density on the flow cell and the % of sequence reads passing quality filters.
Runs should be set up to automatically demultiplex the samples upon completion and fastq sequence files will be generated and stored in sample-specific folders for downloading from the Cloud for subsequent bioinformatics analyses.
6. [bookmark: _Bioinformatics][bookmark: _Toc231998556]Bioinformatics
After DNA sequencing the resulting .fastq files are processed through the eDNA2IQI R package.
See the documentation of the eDNA2IQI R package to install and run the bioinformatics outputs.
The final predicted IQI score is provided in the ‘meanIQI’ column in the output file.
Samples with <5000 denoised, merged reads will not receive an IQI score. In these cases, re-sequencing or a switch to invertebrate analysis will be required.
NOTE: It is important to optimise lab processes to ensure a high enough percentage of raw reads are available after denoising and merging for taxonomic assignment. 
The eDNA2IQI package will check the samples have similar bacteria assignments as the training data used to development the model. This applicability test will filter out samples with unusual bacterial communities that are not represented in the training data, these samples will be removed and no IQI score will be generated.
If DNA results are excluded, then re-sequencing or a switch to invertebrate analysis may be required.  
7. [bookmark: _Toc231541602][bookmark: _Toc231998557]Data Submission
Pre-submission
Complete a ‘Marine Pen Fish Farm Environmental Monitoring Survey Results’ Excel spreadsheet
Ensure the ‘eDNA Sample ID’ fields within the attached Excel file matches the YOUR-EDNA-SAMPLE-ID applied to each pair of forward (R1) and reverse (R2) .fastq.gz files. These paired files, represent a single sample processed by the laboratory. The filenames should match the Illumina file format. For instance, YOUR-EDNA-SAMPLE-ID_L001_R1_001 or YOUR-EDNA-SAMPLE-ID_L001_R2_001.
Ensure the ‘DNA IQI’ fields within the Excel spreadsheet matches the ‘meanIQI’ output from the eDNA2IQI R package.
SEPA recommends the IQI results are assessed using the kraken R package to assess the area of effect before submitting data. This ensures the data is correct before submission.
If DNA based IQI results are not attaining the required standards, additional invert analysis may be completed before submission.
Prepare a single submission for each survey. Check and assess the data before submission, ensuring you are content that no further DNA re-sequencing and/or additional invert analysis is required. 
Submission
Email aquaculture.monitoring@sepa.org.uk the following:
Attach the corresponding ‘Marine Pen Fish Farm Environmental Monitoring Survey Results’ Excel spreadsheet.
A file sharing link to download the raw .fastq.gz DNA sequencing files.
Note, we recommend file sharing via Microsoft OneDrive or SharePoint. Other online storage providers or servers can be used. However, if using a different system, please check with SEPA to verify cybersecurity standards before submission.
SEPA will re-run the bioinformatics (section 6) on a proportion of the surveys submitted. This will independently reproduce the results and check quality. 
Subject to the required data being submitted in the correct format and without errors, SEPA will aim to feedback assessment results within 4 weeks.
[bookmark: _Toc231541582][bookmark: _Hlk102389714]

If you would like this document in an accessible format, such as large print, audio recording or braille, please contact SEPA by emailing equalities@sepa.org.uk 
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