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Abstract

Microbial communities can indicate the presence of many pollutants and can act as an
environmental baseline to assess the efficacy of remediation or restoration efforts.
Working with the Standing Bear First Nation of Northern Alberta, we will conduct
microbial surveys of the lakes that are drinking water sources for communities. We will
periodically assess microbial communities in the surface water and at 10 m depth for
four years through metagenomics. DNA sequence data will be used for establishing
microbial baselines and analyzed for microbial functions associated with hydrocarbons,
plastics, and heavy metals, such as mercury and chromium. The co-designed project
and its data will be the property of the Standing Bear First Nation. Upon approval from
the band office, the results will be disseminated to the First Nation communities as well
as general and scientific audiences. If permitted, the data will be deposited in a public
data repository (National Center for Biotechnology Information (NCBI)'s Sequence Read
Archive (SRA)).

What considerations will you take into account with respect to ethical, legal, or
commercial issues?

While our project primarily involves collecting local water samples and does not involve
sensitive data, there are still important ethical, legal, and commercial considerations to
address. For instance, water samples from the local river could potentially contain
traces of human DNA, necessitating additional screening to remove any such DNA and
avoid legal complications. Furthermore, when collecting water samples from Indigenous
land, it is crucial to collaborate with the community, which brings up issues of data
ownership. We are committed to adhering to the CARE and OCAP® principles and will
follow the research agreement we have established with Standing Bear First Nation
regarding data definitions, storage, sharing, and potential commercial use.

What data will you collect or otherwise bring into your project under this plan?

We will collect a range of data primarily from local river water samples. The attributes of
these samples include specific locations, date and time of collection, water depths, DNA
sequences, and various parameters such as water temperature, density, pH, oxygen
levels, salinity, iron content, and total sulfide concentration. This information, along with
other metadata, will be submitted to a central databank. After field collection, the raw
data will undergo a rigorous five-step quality control process to ensure accuracy. We
may also capture photographs of the sampling sites for supplementary and illustrative
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purposes. Additionally, to broaden our analysis, we will harvest data from databases like
PANGAEA to compare similar water samples over time, helping us identify trends and
generate a broader understanding of environmental changes.

All data will be stored in easily accessible formats, with plain text files for DNA data and
spreadsheets in .csv or .xlsx formats for geolocations, sample names, and statistical
analyses. While the exact size of the data is currently uncertain, each DNA sequence is
approximately one byte, meaning the total size of the DNA sequence data will depend
on the length of each sequence. We estimate that the overall data storage requirement,
including processed data and backups, could reach up to 10 TB.

How will you document data for future re-use or validation?

To document our data for future re-use or validation, we have implemented a thorough
and organized approach. Our documentation is comprised of two key components:

1. Data Tracking and Metadata Recording: Every DNA sequence is assigned a
unique, traceable sample ID, which is consistently used to monitor the raw data,
quality control data, and cleaned data throughout the processing and analysis
stages. Additionally, we maintain a supplementary DNA data file that records
metadata for each DNA sequence. This metadata includes important details such
as water pH, temperature, depths, and other relevant environmental factors,
which are crucial for facilitating peer review and ensuring data accuracy.

2. Detailed Workflow Documentation: We have created a comprehensive
workflow that outlines the methods used in data processing. This workflow
includes detailed descriptions of the software used, specific software versions,
installation instructions, settings, configurations, and step-by-step processing
instructions. Importantly, all the software employed is open source. An example
of our workflow can be found here:
https://hackmd.io/tGZyCM9sSNmuorpHenQVNA. This workflow guarantees that
all team members adhere to consistent data processing procedures.

Additionally, any customized code and scripts developed during the project are
thoroughly documented and made publicly accessible on Figshare. This approach
ensures that our data and processes are transparent, reproducible, and available for
future use or validation.

e How will data be stored, accessed and worked with?

All raw data will be securely stored across multiple locations to ensure both
processing efficiency and backup reliability throughout and beyond the life of the
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project. We plan to use Amazon Web Services (AWS), supported by Athabasca
University’s IT department, for storage and to process large datasets. AWS was
selected as a primary cloud service provider for several reasons:

a. Athabasca University hosts its research cloud on AWS, with the IT department
offering technical support. This includes assistance with setting up automated backups
to prevent data loss. We will use Amazon Elastic Block Store (EBS) for data storage
during the project so data is available for processing. Once the project concludes, the
data will be moved to lower cost storage.

b. We can build machines as needed using Amazon Machine Images (AMI). AWS offers
continuous updates to bioinformatics packages, so a package manager can be built in
to ensure the latest tools are always available.

c. AWS provides superior data mirroring services, particularly useful for managing large
datasets efficiently. Additionally, NCBI SRA supports mirroring data to AWS, significantly
enhancing our workflow efficiency.

Access to the data will be carefully managed to maintain security and integrity.
Data backups are restricted to Principal Investigators (Pls) only. Each team member will
only access the data they are responsible for processing. Once a team member
retrieves their data, access permissions will be locked unless further access is explicitly
granted by the team. Only group members will have the ability to access and modify
their group’s data. During collaborations, teams can grant specific access permissions
to other members for certain folders, as needed.

For those team members working with DNA sequences that are shared back to
the team’s data storage, they submit an accompanying file with a minimum set of
required information (metadata) that gives context to the data and can be used for
submission to databanks. The PI reviews these documents to ensure quality and
accuracy, verifying that the DNA sequence corresponds correctly with the sample ID in
the DNA data file. Smaller data files (in megabytes) will be processed on local personal
computers and then uploaded to the shared cloud space. In contrast, larger data files
will be processed directly in the cloud environment, which provides scalable computing
resources for both data storage and processing.

¢ How will data be managed, discoverable, and accessible over the long
term?

All data will be managed following the research agreement we have with
Standing Bear First Nation.
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Once the project is complete, and with appropriate permission, data will be
deposited into public repositories to support open science and open access. Project
data will be distributed as follows to enhance the discoverability and accessibility of the
data:

1. DNA Sequences: Raw DNA sequence data will be deposited in the National
Center for Biotechnology Information (NCBI)'s Sequence Read Archive (SRA).

2. Physicochemical Measurements and Sampling Geolocations: Metadata,
including physicochemical measurements and sampling geolocations, will be
deposited in PANGAEA, a repository specifically designed for georeferenced
data.

3. Processed DNA Sequence Data and Sample Attributes: The processed DNA
sequence data and sample attributes will be deposited in Figshare, a platform
that imposes no restrictions on data types and provides a searchable DOI,
enhancing data discoverability.

4. Custom Scripts for Data Analysis: Custom scripts used in data analysis will be
deposited on the lab's GitHub page for transparency and reproducibility.
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