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February 28, 2024
Jamal Shirley
Nunavut Research Institute
Iqaluit, NT
X0A 0H0

Re : Nunavut Research License 02 053 22N-M Renewal for 2024 – CSA Devon Island Ice Cap Project 

Dear Jamal,

I hope all is well for you and the NRI staff! Please find enclosed my renewal application for a research license to conduct research on our Canadian Space Agency project to study the microbiology and geophysics of the Devon Island ice cap. A version of this NRI application translated into Inuktitut will be forwarded to your office shortly. I will also be submitting a request to the Resolute Bay Municipal Council in the coming weeks for their approval.

I have successfully applied to PCSP for a field trip to provide logistical support for this project as follows:

Summer field trip: ~ 8 days between ~ May 1 to ~ August 15, 2024

If further information is required or you have any questions, please do not hesitate to contact me.

Sincerely,
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Lyle Whyte

Professor
Canada Research Chair Tier 1 – Polar Microbiology

Dept. of Natural Resource Sciences
McGill Space Institute	

Tel. : 514-398-7889	Fax: 514-398-7990	Email: Lyle.Whyte@mcgill.ca
2023 Annual Summary of Research Activities for NRI Permit 02 053 22N-M

My research program examines microbial ecology in unique Canadian High Arctic ecosystems, including permafrost, glaciers, cryptoendoliths, and hypersaline springs and sediments. Over the past 20 years, this research has contributed significantly to our knowledge of the diversity, abundance, and ecological role of microorganisms in polar regions. A new focus of research in our lab involves the characterization of microbial life in glacial ice. Glaciers and ice sheets are analogs for investigating the potential for life on other planets such as Mars or the icy moons, Europa and Enceladus of the Jupiter and Saturn systems where vast oceans of liquid water exist below a thick outer ice shell. For this project, we chose the Devon Island Ice Cap in an area where 2-3 subglacial lakes were previously thought to exist 600 meters below the ice cap surface. Our objectives for this project are three-fold: (1) to characterize the microorganisms present within the ice to determine if and how life might survive in such an extreme environment; (2) to characterize the geophysical environment of the ice and bedrock beneath the ice cap; and (3) test a prototype ice drill from Honeybee Robotics, developed to one day drill through 15 – 20 km of ice on Europa and Enceladus to the oceans below.

In June 2023, we sent our team to set up camp at Camp True Love with research being conducted on the Devon Island Ice Cap. Our team consisted of myself (Prof. Lyle Whyte, PI of the project) one PhD student (Brady O’Connor), one postdoctoral fellow (Christina Davis), two engineers from Honeybee Robotics (Leo Stolov and Caleb Lang), and a polar bear monitor (Devon Manik). Our team was not able to carry out our field research objectives on the ice cap because our helicopter crashed on the first deployment to the Devon Island Ice Cap. Thankfully no one was seriously injured and everyone was able to be safely evacuated from Devon Island back to Resolute Bay. Although the second-year objectives surrounding field testing couldn’t be met, we were able to accomplish other objectives outlined below.

O’Connor (PhD) was able to successfully extract both DNA and RNA from the two 2-meter ice cores collected in the previous field season, using a protocol for extracting and sequencing low biomass samples. Additionally, further characterizations of the microbial community through flow cytometry revealed cell concentrations of 104 cells ml-1. The metagenomic and metatranscriptome sequencing data revealed the microbial community was actively utilizing the following metabolic pathways: aerobic carbon monoxide oxidation, sulfur oxidation, aerobic respiration, nitrogen oxidation, and reduction.

Davis and O’Connor were able to test the newly designed imaging system for the µMAMA at alternative sites (Resolute Bay sea ice and White Glacier). Additionally, Davis tested the drill components for the Microlife detection platform at Resolute Bay, demonstrating the automation of the drill, melt cup, and µMAMA microfluidics system. 

Lastly, Stolov and Lang had to rebuild their ice drill/melt probe at Resolute because it was severely damaged during the helicopter crash. Despite this, they were able to successfully test their latest prototype ice drill/melt probe on the sea ice at Resolute Bay, ~2 meters of ice. The drill was slated to reach 100 meters depth with the goal of penetrating 10 meters at the Devon Island ice cap. This probe included more advanced controls and fiber optic communication to the surface as well as additional instrumentation for environmental measurements. The integrity of the data cable and tether is crucial to operating the probe on another planet or moon. On Europa and Enceladus, the probe will have to drill through an estimated ice thickness of 15 – 20 km’s to reach the oceans below.

Proposed 2024 Research

We successfully applied to the PCSP to support an 8-day field season between May 1st and August 15th, 2024, with Lyle Whyte, Christina Davis (Post-Doc, McGill), Leo Stolov, Caleb Lang (Honeybee Robotics) and Devon Manik from Resolute Bay (polar bear protection). We will camp on the ice cap at Devon Island during this time. Twin otters will drop us on and pick us up from the field camp site. Our two key objectives for the upcoming field season are to; (1) obtain ice core samples down to ~ 10 meters to further characterize microbial communities within the ice cap and (2) field test an updated melt probe able to penetrate the ice to a depth of 100 meters.

Firstly, Davis will collect further ice cores and back at McGill University will melt them and attempt to use cell sorting and single cell sequencing to recover the genomes of individual microorganisms present within the ice. Davis will also melt ice sections and test them with a prototype MicroLife Detection Platform (under development in my lab), where they will attempt to sequence the DNA of microorganisms in the sample using the portable MinION sequencer and detect metabolic activity using the prototype Microfluidic Microbial Activity MicroAssay (MAMA). Secondly, Stolov and Lang will operate a new upgraded version of the melt probe that was tested in 2023. This time they will aim to drill to a depth of 100 meters. They will monitor the penetration rate and test a new mechanism used to unspool the data cable, as well as monitor and log the data collected from the additional instrumentation for environmental measurements.
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