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Greenland deep biosphere

Spin out from Greenland Analogue Project

• nr Kangarlussuaq, Western Greenland

• 1800-1900 Ma Archaean ortho-gneisses

• Candidate location for nuclear waste geodisposal

• 2 deep boreholes studied here approx. 6 km apart 
• DH-GAP01 191m deep
• DH-GAP04 649m deep



Why study it?

• Subsurface harbours 
‘unseen majority’ but 
diversity and function not 
well understood

• Deep biosphere is an 
extreme environment –
understanding life in 
extremes helps define 
limits of life, and search 
for life elsewhere

• Extremely challenging to 
access – makes use of 
existing boreholes



(Bomberg et al., 2019)

16S rRNA gene sequencing
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extraction sequencing bioinformatics

Who’s there and what can they do?
• metaG
• functional potential

Who’s active and what are they doing?
• metaT
• genes expressed

Key biogeochemical processes?
• metaGand metaT
• pathways encoded / expressed

Viral interactions?
• metaG and metaT
• phage and prophage
• CRISPRs

all RNA
& 
rRNA removed

2x metaG
libraries per
sample 



Bioinformatics

de novo assembly
annotation

binning

R1.fastq
R2.fastq

FastQC & TrimmomaticR

IDBA-UD (metaG),
metaSPAes (metaT)

manual (QuicklooksRA), 
Maxbin 2.0RA, checkMG

ProkkaA DramA

KaijuR

phylogeny
(who?)

metabolism
(what?)KEGG KAASAG GTDB-tkG

quality check &
read trimming

ProkkaG, VirSorterG, DramA

CRISPR recognition toolGannotation

analysis of individual genomes

analysis of whole community

VirSorterA

R reads-based
A assembly-based
G genome-based

CRASSR



Who’s there? metaG trimmed reads

Genus-level taxonomic 
assignment of trimmed 
metagenomic reads (Kaiju). Only 
taxa >0.3% across all samples 
are shown

39% of 
19.2m 

18% of
18.9m

62% of 
18.4m

51% of 
8.7m (i)

18.8m (ii)

55% of 
17.9m

% classified reads:

• Highly diverse 
communities in all 
samples

• Distinct composition 
in above vs below 
permafrost samples

with refseq database*

*Completely assembled and annotated 
reference genomes of Archaea, 

Bacteria, and viruses from the NCBI 
RefSeq database.



Who’s there? metaG trimmed reads vs
published 16S rRNA gene seq

(Bomberg et al., 2019)

• Significantly more diversity in 
metaG vs 16S rRNA seq

• Desulfosporosinus less 
dominant than in published 
16S rRNA gene seq data (but 
different DNA extracts)



Who’s active? metaG vs metaT trimmed reads

• Active communities are highly 
diverse

• Low abundance taxa appear to 
be highly active (Legionella (!), 
Bacillus, Lacunisphaera...) al

l R
N

A

no
 rR

N
A

al
l R

N
A

no
 rR

N
A



Community functional potential KEGG-annotated assembled metaG
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Community activity KEGG-annotated assembled metaT

561 – 571 m

571 – 600 m

• Key genes / pathways expressed in one or both deep borehole sample

• Active C, N and S cycling
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Community functional potential assembled metaG
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Community activity assembled metaT

561 – 571 m

571 – 600 m

• Key genes / pathways expressed in one or both deep borehole sample

• Active C and S cycling
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Expressed biogeochemical pathways KEGG-annotated assembled metaGT



Carbon fixation
Encoded

Expressed

*encoded in all metaGs
absent in all metaGs
expressed in metaT

metaGT reads mapped to Prokka-annotated assembled metaGT



Net carbon fixation? metaGT reads mapped to Prokka-annotated assembled metaGT
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High quality MAGs
(Metagenome-assembled genomes)

manually binned metaG assemblies

Compl. / 
contam %

Binning 
method Taxonomy

Desulfo_42_786
Desulfo_43_18
Flavo_36_14

Xantho_67_416
Elusi_67_181
Actino_63_150
Erysipelo_33_100
Geobacter_60_60
Actino_49_34
Erysipelo_41_14

Desulfovib_63_448
Lyso_66_53
Pseudorho_61_33 
Pseudom_60_25 

manual
manual
manual

manual
manual
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manual

manual
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manual

97.4 / 0.6
97.9 / 0.6
92.1 / 3.5

96.1 / 1.3
95.0 / 1.5
95.0 / 1.7
94.3 / 0.9
99.4 / 0.7
93.2 / 0.8
70.1 / 0.9 

99.1 / 0.0
95.1 / 1.2
95.3 / 1.8
95.0 / 2.5

g_Desulfosporosinus
g_ Desulfosporosinus
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f_Erysipelotrichaceae
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*CheckM taxonomic assignment



Manual binning
QUICKLOOKS pipeline
(adapted from WrightonGroup for UoM HPC)



Manual binning
QUICKLOOKS pipeline
(adapted from WrightonGroup for CSF3)

Xantho_67_416



MAGs in context

g_Geobacter

g_Lysobacter

c_Coriobacteriia

f_Nanopelagicaceae

f_Erysipelotrichaceae

g_Flavobacteria

g_Desulfosporosinus
• Desulfo_42_786
• Desulfo_43_18

g_Pseudorhodobacter

g_Desulfovibrio

g_Lysobacter



Expressed genes in Desulfosporosinus

BLASTp to Desulfo_43_786
15,556 hits from annotated metaT to MAG! 
(e-value e-10, bit score >60)

195 chemotaxis
163 putative multidrug resistance genes
99 osmoprotectant import 
96 sporulation
33 acetyl-CoA dehydrogenase
24 pyruvate synthase
14 sulfite reductase
14 cyctochrome c 
13 alkaline shock protein genes
...

annotated metaT 
(vs binned metaG)

QUICKLOOKS pipeline*
Genes from assembled metaT taxonomically 
assigned to Desulfosporosinus

Flagellin / flagellar synthesis
Dissimilatory sulfite reductase (MAG 42_18?)
cytochrome c family protein (MAG 43_786?)
oxidoreductases
CO dehydrogenase
Tellurium reductase & stress proteins
...

*WrightonLab github page



Viral community members metaG reads 
and assemblies(water samples filtered through 0.22um)

191 m 

561 – 571 m

571 – 600 m

Talik Lake

Drill pond

0.1%

1.0%

0.4%

0.6%

1.1%

105 2.7

103 3.7

115 3.2

103 2.8

... ...

2.8 • Similar (low) 
abundance of viruses 
across all communities, 
despite sample filtration

• Lower viral immunity 
in subsurface 
communities 
compared with surface 
lake / pond communities
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1.9
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Viral immunity in MAGs MAGs

Compl. / 
contam %

Binning 
method Taxonomy

Desulfo_42_786
Desulfo_43_18
Flavo_36_14

108_001
108_003
108_004
108_006
108_007
108_012
108_023

Desulfovib_63_448
110_007
110_012
110_013

manual
manual
manual

Maxbin 2.0
Maxbin 2.0
Maxbin 2.0
Maxbin 2.0
Maxbin 2.0
Maxbin 2.0
Maxbin 2.0

manual
Maxbin 2.0
Maxbin 2.0
Maxbin 2.0

97.4 / 0.6
97.9 / 0.6
92.1 / 3.5

97.3 / 2.0
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Key findings

• Highly diverse 
communities in all 
samples

• Distinct composition 
in above vs below 
permafrost samples

• Active communities are highly 
diverse

• Low abundance taxa appear to 
be highly active (Legionella (!), 
Bacillus, Lacunisphaera...)

• Subsurface communities encode 
C, N and S cycling pathways

• metaT data demonstrates that 
these pathways are active in 
deep borehole

• Several high quality MAGs were 
recovered from deep borehole 
samples

• Many have the capacity for N 
fixation and dissimilatory 
nitrate/nitrite reduction, few MAGs 
encode C fixation and sulfate 
reduction / thiosulfate oxidation

• Desulfosporosinus members of 
the community actively 
expressing genes for flagellar / 
chemitaxis, sporulation, C 
fixation, sulfite [R] and stress 
response

• Similar (low) 
abundance of viruses 
across all communities, 
despite sample filtration

• Lower viral immunity 
in subsurface 
communities 
compared with surface 
lake / pond communities

• Some MAGs have prophage 
and evidence of viral immunity

• Net C fixation –
implications for geological 
CO2 storage?



Challenges

• Access to (and cost of!) computational resources…

• and bioinformatics training for microbiome analysis

(watch this space!)



PhD opportunity

https://www.findaphd.com/phds/project/microbial-carbon-cycling-in-geological-co2-storage-environments/?p141491

• high pressure subsurface simulation
• anaerobic cultivation
• geochemical characterisation
• genome-resolved metagenomics
• metatranscriptomics

• metabolomics
• proteomics
• stable isotope probing
• biotechnological potential 
• microbiome modeling

based in the Manchester Institute of Biotechnology
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