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ABSTRACT 

Environmental genomics is a rapidly advancing field that promises to revolutionise the way in 
which industry conducts biodiversity monitoring. The International Association of Oil and Gas 
Producers Environmental Genomics Joint Industry Program (JIP) was formed in June 2019 with 
the aim of facilitating the development and uptake of environmental genomics within the oil and 
gas industry. Towards this goal, a white paper was produced that summarises the state‐of‐the‐art 
in environmental genomics research, and the opportunities and limitations of applying environ
mental genomics within industry. The white paper included a comprehensive literature review, 
and importantly, involved consultation with professionals from academic, regulatory and industry 
backgrounds from across the globe that had expertise in environmental genomics applications. 
While this consultation revealed a consensus that the application of environmental genomics has 
advanced greatly in a brief period, with demonstrable benefits, there was an acknowledgement 
that key aspects are still lacking that would allow confident application of genomics approaches 
within industry. Through the review and consultation process, a range of knowledge gaps and 
areas requiring further development were identified. To elucidate which of these areas were 
most critical to the successful application of environmental genomics within industry, the JIP is 
drafting guidance that describes sampling design considerations, minimum standards for labora
tory analyses and approaches to genomics data interpretation. Through the drafting of guidance, 
the JIP hopes to determine which gaps are most critical, enabling these to be prioritised for 
targeted research. The guidance will then be updated regularly to capture the latest research 
outcomes.  
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Introduction 

Biodiversity monitoring is undertaken throughout the oil and gas industry, often as a 
regulatory requirement, to understand and manage environmental risks. Conventional 
biodiversity monitoring, which usually includes observing or collecting species, is labour- 
intensive, expensive and often needs to be carried out by experts with taxonomic 
training. Evaluating environmental DNA (eDNA) provides a genomic approach to iden
tify species through the presence of their DNA in an environmental sample, such as 
water, sediment or soil. DNA fragments in the sample are amplified, sequenced and 
matched to known species sequences in online libraries to confirm detections. 

A major advancement in eDNA methods was the step change in sequence throughput 
rate facilitated by Next-Generation Sequencing (NGS) technology. Previous sequencing 
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methods were only capable of reading a few thousand base 
pairs and focused on only one or two species, whereas 
modern NGS machines are capable of reading over a billion 
base pairs in a single sequencing run, which allows detec
tion of thousands of species in a sample (Shendure et al. 
2017). Samples required for eDNA analysis are small, rap
idly collected and do not require field-based taxonomic 
expertise. With simple training, oil and gas industry person
nel can be readily tasked with collecting eDNA samples 
which can be sent to an eDNA laboratory for analysis. 

The International Association of Oil and Gas Producers 
(IOGP) Environmental Genomics Joint Industry Program 
(JIP) was formed in June 2019 with the objective of facili
tating the development and uptake of eDNA within industry. 
A white paper was commissioned by the JIP and included a 
comprehensive review of the published literature and con
sultation with a range of academic, regulatory and industry 
professionals from across the globe that had experience in 
eDNA. The objective of the white paper was to summarise 
the state‐of‐the‐art in eDNA science, the opportunities and 
limitations of applying eDNA within industry and key areas 
that needed to be addressed to achieve greater acceptance 
and uptake of eDNA by industry, regulators and other 
stakeholders. 

Methods 

JIP members developed an agreed list of priority applica
tions to help focus the white paper review and consultation 
on aspects of eDNA that were currently considered most 
critical to industry. These priority applications included  

• Baseline assessments  
• Detection of key species  
• Rapid assessment of invasive species  
• Species population status and dynamics  
• Monitoring of environmental effects of oil and gas activities  
• Remediation and restoration. 

Focusing on the above applications, a review of primary 
literature and other professional publications was underta
ken to identify the opportunities, knowledge gaps and limi
tations of using eDNA technology in the oil and gas industry. 
To provide additional information and viewpoints to those 
revealed in the literature, consultation was undertaken with 
professionals from academic and industry backgrounds, 
with an interest in eDNA. Consultation with regulators 
from various jurisdictions was also conducted to provide 
an indication of the current level of regulatory awareness 
of eDNA and the potential hurdles in achieving acceptance 
of the use of eDNA within regulatory frameworks. 

Consultation involved a two-phased approach: During 
Phase 1, a digital questionnaire was developed and distributed 
to approximately 100 individuals and organisations. 

Respondents were predominantly representatives of govern
ment organisations, with the remainder being equally distrib
uted amongst academia, industry and service providers, as 
well as a single not-for-profit respondent. The goal of the 
questionnaire was to identify a respondent’s current state of 
knowledge of eDNA, as well as their view of information gaps 
that hindered successful deployment and uptake of the tech
nology. Based upon the survey responses in Phase 1, tele
phone interviews were conducted in Phase 2 to obtain more 
detailed information from respondents, particularly for the 
prioritised industry applications. 

A facilitated discussion and feedback session was also 
held with participants attending the International 
Workshop on Environmental Genomics (IWEG), which was 
virtually hosted from St John’s, Newfoundland, Canada in 
June, 2020. This interactive session included distributing a 
truncated version of the original questionnaire to partici
pants. IWEG participants who answered the questionnaire 
were mainly academic or research-focused, followed by 
industry representatives, which reflected the target audi
ence of the meeting. Response results were compiled and 
collated for questions common to both the original consul
tation and IWEG questionnaire. 

Results and discussion 

The literature review and consultation revealed a consensus 
that the application of eDNA has advanced greatly in a brief 
period, with demonstrable benefits. The majority of regula
tory agencies that were consulted were aware of eDNA and 
its potential application within industry environmental 
monitoring and decision-making processes. Furthermore, 
multiple regulators were either leading, or active partici
pants in, initiatives to standardise eDNA approaches in sur
vey designs, sampling, reporting requirements or varying 
combinations of each. The review and consultation high
lighted that eDNA performance was comparable, comple
mentary to, or outperformed conventional monitoring 
approaches in a range of applications. However, there was 
an acknowledgement in both the literature and consultation 
responses that knowledge on several key aspects was lack
ing, and that if addressed, would allow for more confident 
reliance on eDNA data within industry. The key aspects 
most frequently cited are outlined below. 

Understanding DNA persistence and dispersal 

DNA degrades at variable rates in the environment, affected 
by ultraviolet (UV) radiation, temperature and microbial 
activity (Barnes et al. 2014). eDNA is also assumed to dis
perse to various degrees from its point of origin, particularly 
in the marine environment where it can be transported on 
currents (Salter et al. 2019). The review and consultation 
highlighted a strong recognition of the need to understand 
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how DNA persistence and dispersal affect the representa
tiveness of eDNA in detecting species presence, with such an 
understanding likely to be required at a habitat or species 
level. 

Integrating eDNA data with different data types 

Within industry, eDNA data will likely be required to be 
integrated with other data types (e.g. historical data, base
line data, biotic indices or explanatory physico-chemical 
data). However, eDNA data are inconsistently reported, 
making it difficult to develop a standardised approach for 
integrating eDNA data with other data types. Additionally, 
eDNA assessments often detect a slightly different suite of 
species than conventional approaches (e.g. Stat et al. 2018), 
making comparisons among data types difficult. It was 
recognised that standardisation of eDNA data reporting 
and development of novel data integration methods would 
assist in better utilisation of eDNA data and uptake by 
industry, regulators and other stakeholders. 

Improvement of sequence reference libraries 

Many published studies and respondents indicated that 
sequence libraries have significant gaps and require input 
from studies in a variety of habitats and geographical loca
tions to improve the accuracy of biodiversity studies 
(Taberlet et al. 2012; Cowart et al. 2015; Porter and 
Hajibabaei 2018; McGee et al. 2019). The completeness of 
sequence libraries varies widely among taxa, which may 
bias biodiversity assessments towards certain groups. 
While reference databases will continue to be populated 
over the long-term, it was recognised that a coordinated 
effort, both nationally and internationally, for library devel
opment, and a greater openness in sharing of curated 
sequence libraries would speed up this process. 

Incorporation of eDNA into biotic indices 

Programs that monitor changes in ecosystem health often 
use biotic indices, such as physico-chemical parameters and 
data on a range of indicator species (Monaghan 2016). In 
the short-term, researchers suggest that eDNA data could 
supplement or be incorporated into existing biotic indices 
(Pawloski et al. 2018). In the longer-term, however, it has 
been suggested that, due to its holistic assemblage represen
tation, eDNA data could become a new type of biotic index 
that reflects change at an ecosystem level. Even where 
sequence library information is lacking, taxonomy-free 
approaches, combined with machine learning predictive 
models could be used to identify ecologically relevant 
changes in detected sequences (e.g. in Molecular 
Operational Taxonomic Units: MOTUs) within eDNA data 
(Cordier et al. 2019). eDNA data also lends itself to a variety 
of new applications of assessing ecosystem health, such as 
co-occurrence network analysis (Bush et al. 2019). 

Standardisation of methods 

In order to generate reliable, comparable and ecologically 
meaningful data that meet industry requirements, a broad 
standardisation of eDNA workflows is needed (Porter and 
Hajibabaei 2018; Harper et al. 2019; McGee et al. 2019). 
This standardisation would include sampling, storage, labo
ratory protocols, DNA barcode references, sequencing plat
forms and processes, data analyses and interpretation and 
biotic indices (Leese et al. 2016). The desire for standardisa
tion of methods was also echoed by the majority of regula
tors interviewed, with some indicating that, ideally, 
international guidance should be developed that could be 
used across multiple jurisdictions. 

Conclusion 

This review highlights a persistent and growing optimism 
for using eDNA to advance the quality of biodiversity mon
itoring within industry, as well as to aid in our understand
ing potential changes in ecosystem structure, function and 
health. The science of eDNA is rapidly advancing and sub
stantial progress has been made by the oil and gas sector in 
the past 5 years through the initial and continued 
academic–industry–regulator networking at IWEG and 
through the efforts of the IOGP Environmental Genomics 
JIP. However, the literature review and consultation identi
fied five key areas that need to be addressed to more confi
dently rely on eDNA data within industry. As a first step to 
address these key areas, in 2022, the JIP is developing 
standardised industry guidance that describes sampling 
design considerations, minimum standards for laboratory 
analyses, and standard approaches to bioinformatics and 
data interpretation. Through the development of this guid
ance, the JIP will also identify remaining critical gaps, 
enabling these to be prioritised for targeted research, with 
the guidance being updated regularly to reflect the latest 
research findings. It is hoped that this standardised guidance 
will build confidence in the application of eDNA within 
industry and raise awareness and acceptance of eDNA 
approaches with regulators and stakeholders. 
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