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Key word list 
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sequencing (NGS) 
 
 

 
Definitions and acronyms  
Acronyms Definitions 

MAGs metagenome-assembled genomes 

NGS next-generation sequencing 

CCS carbon capture and storage 
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1 Introduction 
 
Deliverable D4.3 is the development of a workflow for gene screening, metagenomic 
libraries construction, and NGS sequencing. This workflow is associated with Work Package 
4: Sample and Fluids Characterization. 

1.1 General context  

 
The carbon capture and storage technologies implemented during Carbfix 1 rely on the 
sequestration of magmatic gases released by the geothermal powerplant via injection and 
mineral precipitation into the basaltic subsurface. It has been demonstrated that the 
injection of gas-charged brine stimulates microbial growth in the subsurface aquifers 
proximate to the injection site, accompanied by a drop in microbial diversity (e.i., 
stimulating a microbial bloom)1. The workflow outlined in this deliverable will be used to 
generate data with which it will be possible to link the change in microbial diversity 
associated with gas injection with a potential shift in microbial activity, and further 
characterize the microbial component of fluids. Additionally, the methodology outlined in 
this deliverable will be applied to new samples acquired from 1.) the Carbfix 2 site, to assess 
microbial response to gas injection at high-temperature, 2.)  Nesjavellir, to assess microbial 
activity at a power station adjacent to a fresh-water source and 3.) United Downs power 
station in Cornwall (potentially), to assess microbial activity in a granite-hosted system. 

1.2 Deliverable objectives 

 
The objective of this deliverable is to develop a workflow that can be applied to a broad 
range of samples from the S4CE field sites to rapidly and cost-efficiently assess changes to 
the subsurface microbial population as a result of geothermal powerplant operations and 
carbon capture and storage activity.  
  

2 Methodological approach 
 

1. Sampling Procedure 
 
Well water- Samples of well water filtrate from Hellisheidi and Nesjavellir geothermal 
powerplant monitoring wells in Iceland were acquired according to reference1. In brief, 
autoclaved ¾” high-density polyethylene (HDPE) tubing was connected to each wellhead (Fig. 
1a/1b) and the well was pumped for 30 minutes in order to flush the well prior to sampling. 

A 0.22 M Sterivex filter unit was attached to the well spigot (Fig. 1c) and flow rate was 
determined volumetrically using a 2 L bottle. Each filter passed approximately 12 liters of well 
water, with the exception of Nesjavellir samples, which were filtered overnight. 50 mL of air 
were aseptically pushed through the filters to drain any residual liquid, and filters were placed 

in sterile 50 mL centrifuge tubes and stored at -80C until analyses. Wells at Hellisheidi are 

                                                      
1 {Trias et al., 2017} 
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routinely monitored, and samples for microbial analysis have been collected over a 10-year 
span (Fig. 2). Concurrent measurements of temperature, pH, and conductivity were recorded 
for fluid characterization and estimation of geothermal influence.  
 
Drill-wetting mud- Samples of drill-wetting mud from the United Downs drilling site in 

Cornwall, UK were collected in 50 mL sterile centrifuge tubes and stored at -80C until 
analysis.  
 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Fig. 1 Sampling procedure for collecting microbial biomass from geothermal 
monitoring wells showing the wellhead (left), spigot (a), attachment of sterile HDPE 
tubing to the spigot (b), and attachment of SterivexTM filter to the tubing (c).   

(b) (c) HK-26 (a) 

2012

Ja
nu

ar
y

Fe
br

ua
ry

M
ar

ch

Apr
il

M
ay

Ju
ne

Ju
ly

Au
gu

st

100% CO2 Injection 
820 + 41 mmol l-1

pH ~ 3.9-4.0

CO2/H2S/H2 (75:24.2:0.8)

430 + 22 mmol l-1

pH ~ 3.9-4.0

Migration

to HN-04

DIC peak

in HN-04

Fig. 2 Overview of samples acquired from Reykjavik Energy monitoring wells in Hellisheidi to be used for microbial 
analysis. 
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2. DNA Extraction 
 
Well water- DNA was extracted according to reference1. Filters were aseptically removed 
from casing and cut into pieces, and processed using the UltraCleanTM Water DNA Isolation 
kit (Mo Bio) according to the manufacturer’s instructions using the alternative lysis method 

(65 C incubation for 10 minutes). DNA was stored at −20 °C until analysis.  
 
Drill-wetting mud- DNA was extracted using the Omega E.Z.N.A.TM Soil DNA Kit. Samples were 
processed according to manufacturer’s instructions using 300 mg of starting material, 
vortexing for 5 minutes to lyse samples, and eluting in a final volume of 50 L of elution buffer 
supplied with the kit. DNA was stored at −20 °C until analysis.  

  

3. Library Preparation and NG Sequencing 
 

DNA was quantified using the QuatiFluorTM dsDNA system, and due to the low biomass of 

samples (average DNA concentration of 50 pg/L, sample volume of ~20-30 L), the minimal 
requirement of 1ng/sample will be sent to Duke Center for Genomic and Computational 
Biology (DCGCB), Duke University, USA for library preparation and sequencing. DCBCB will 
fragment the DNA using a Covaris S220 Focused-ultrasonicator and metagenomic libraries will 
be prepared following the KapaTM DNA-seq HyperPrep kit protocol. Assessment of size 
distribution will be done using the AgilentTM DNA 1000 Bioanalyzer chip and quantification via 
the Kapa SYBRTM qPCR kit. Sequencing will be done via the Illumina NovaSeqTM platform (2 x 
150 bp reads, ~100 million dual-indexed, paired-end reads per library). 
 

3 Summary of activities and research findings 
 
A workflow for the characterization of microbial communities in fluid samples has been 
developed. This includes methodology for sampling for microbial analyses, DNA extraction, 
metagenomic libraries construction, and NGS sequencing for subsequent gene screening. 
Fluid samples have been collected from Carbfix sites, Nesjavellir, and drilling mud has been 
collected from Cornwall. DNA has been extracted and quantified from the Iceland samples. 
 

4 Conclusions and future steps 
 
The workflow outlined by D4.3 is being applied to the Iceland fluid samples, and is currently 
at the stage of library preparation and next-generation sequencing. A total of 30 samples 
from Carbfix (Fig. 2) and 2 samples from Nesjavellir will be sent within the next week for 
processing to Duke University (estimated 3-4 weeks turn-around time). From the raw data, 
metagenome-assembled genomes will be constructed to assess changes in community 
metabolic potential in response to gas injection and/or geothermal influence over time.  
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