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Supplementary Methods 

 

Sample collection and decontamination 

Samples of basal ice at the glacier terminus were collected in July, 2013 from the 

Matanuska Glacier (elevation 510 m) using an electric chainsaw with a carbide-tipped chain 

(06V 0459835 6849428). The ice samples were shipped frozen to Louisiana State University 

and stored at -20 oC. Samples were decontaminated using a modified version of the 

decontamination protocol described previously [1]. Briefly, the outer contaminated surface 

was physically removed via scraping with a sterilized stainless steel microtome blade in a 

class 100 laminar flow hood. After physical removal of the outermost surface, the freshly 

exposed ice was washed with 0.22-µm filtered 95% ethanol and rinsed with ice-cold, twice 

autoclaved deionized water (0.22-µm filtered). The decontamination procedure removed an 

annulus of approximately five millimeters from the outer surface of the samples. The cleaned 

ice samples were sealed within a sterile container and melted at 4 oC. 

 

Nucleic acid extraction 

DNA was extracted from 20 g (wet weight) of the basal ice-sediment slurry using 

PowerMax Soil DNA Isolation kit (MoBio Laboratories, CA, U.S.). To increase yield, the 

manufacturer’s protocol was modified by combining two 10 g extractions onto a single silica 

spin column. RNA was extracted as previously described [2]. Briefly, coarse sediment 

particles were removed from ~2.85 kg of the ice-sediment slurry using low-speed 

centrifugation (700 ×g; 10 min, 4 °C) and the supernatant containing fine clay and silt-like 

particles was filtered onto 90 mm, 0.2 µm pore size Supor filter which was cut into small 

pieces and transferred into a 7 ml bead beating tube for nucleic acid extraction. The extracted 

RNA was incubated for 1 h at 37 oC with 4 U TURBO DNase from the TURBO DNA-free 

kit (Ambion, TX, U.S.). Subsequently, the RNA was purified with MEGAclear clean up 

columns (Ambion, TX, U.S.) followed by an additional ethanol precipitation step. The RNA 

pellet was suspended in 50 µl TE buffer and stored at -80 oC. DNA and RNA were quantified 

using a 20/20 n Luminometer (Turner Biosystems, CA, U.S.) equipped with a blue 

fluorescence module (P/N 2030-041), and the Quant-iT Picogreen assay and Ribogreen assay 

kits, respectively (Life Technologies, CA, U.S.). 

 

16S rRNA sequencing and analysis 
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Complementary DNA (cDNA) libraries of 16S rRNA were prepared by reverse 

transcription of ~1 ng total RNA with SuperScript II reverse transcriptase and the 806R 

primer (5'-GGACTACVSGGGTATCTAAT-3') according to manufacturer’s protocol. 

Negative controls without reverse transcriptase were included to monitor for genomic DNA 

contamination. The V4 (hyper-variable) region of the 16S rRNA gene was amplified from the 

extracted basal ice DNA and cDNA libraries using the 515F and 906R Golay barcoded and 

adapter ligated primers required for Illumina MiSeq sequencing [3]. The amplicons (~350 bp) 

were quantified fluorometrically as described above and pooled at equimolar concentrations. 

The pooled amplicons were purified using MoBio UltraClean PCR Cleanup kit (MoBio 

Laboratories, CA, U.S.) and sent to the Georgia Genomics Facility (Athens, GA, U.S.) for 

Illumina MiSeq sequencing (v2 chemistry, 2 × 250 bp). The raw sequencing reads were 

analyzed with a combination of MOTHUR v1.33.3 [4] and SINA (SILVA Incremental 

Aligner) v1.2.11 [5]. Sequences containing ambiguous bases or homopolymers (≥8 bp) were 

excluded during quality filtration and paired-end read assembly. The processed sequences 

were aligned using SINA to the SILVA non-redundant 16S rRNA reference database (v.119) 

and UCHIME was used to identify and remove chimeras [3]. Sequences were clustered as 

operational taxonomic units (OTU) at 3% dissimilarity using the furthest neighbor algorithm 

and classified using a naïve Bayesian classifier and the Ribosomal Database Project training 

set (Release 9). Representative sequences for each OTU were taxonomically classified using 

Greengenes (version 13_5), SILVA (version 123), and NCBI GenBank (Release 221). 

MOTHUR was also used to calculate diversity, richness, coverage, and dissimilarity indices. 

To infer the metabolically active OTUs, the ratios of 16S rRNA transcript (rRNA) and 16S 

rRNA gene (rDNA) relative abundance were calculated. 

 

Metagenomic sequencing and analysis 

The metagenomic sequencing library was constructed using 20 ng DNA and the 

NEBNext Ultra DNA library preparation kit (New England Biolabs, MA, U.S.). The DNA 

was fragmented using the Covaris 2.0 sonication system and separated on a 1.5% agarose gel. 

The size-selected product was end-repaired, adapter-ligated, and amplified. The amplification 

was limited to 12 cycles to reduce bias. The amplified library was sequenced using the 

Illumina HiSeq 2500 system (Illumina, CA, U.S.) with a read length of 150 bp and average 

insert size of 500 bp. The raw sequence data were preprocessed to remove adapter sequences 

and bases with quality scores ≤20. Furthermore, reads were discarded if they contained 3 or 

more N’s or had a length <40 bp (post-Q20 trimming). To assess the taxonomic diversity of 
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the Matanuska Glacier basal ice layer metagenome, the paired-end reads were analyzed by 

using Phylosift v1.0.1 [6]. The dataset was profiled using relative abundance for bacterial, 

archaea, and viral taxonomic rankings. 

 

Assembly and characterization of genome bins 

For the recovery of genome bins, paired-end reads were initially assembled using IDBA-

UD [7]. The range of k-mer was set from 20 to 100, read error repair was enabled, and 

contigs shorter than 200 bp were removed. The select contigs were binned into partial and 

draft genome bins (GBs) on the basis of their tetra-nucleotide frequencies and abundance 

using MetaBAT v2.12 [8]. The sequencing reads were re-mapped on the contigs using 

Burrows-Wheeler Aligner v0.7.3 [9], and the resulting alignment file was indexed, sorted, 

and processed to remove duplicates using SAMtools v1.2 [10] and used to run MetaBAT 

with mostly default parameters except minimum contig size for binning (-m parameter) 

which was modified to 1000 from its default value. The completeness and contamination 

levels of the GBs were assessed by CheckM v0.9.7, which uses a comprehensive catalogue of 

ubiquitous and single-copy genes within a phylogenetic lineage to assess the quality of 

microbial genomes recovered from metagenomes and other sources [11]. Marker gene 

compatibility and similarity of genomic characteristics among the GBs were used to merge 

GBs containing complementary markers and improve their quality. The partial and draft GBs 

with completeness and contamination levels of ≥70% and ≤10%, respectively, were assigned 

phylogeny using Phylosift v1.0.1 [6] and further used for gene calling using Prodigal v2.6.2 

[12]. The predicted protein coding sequences were used for functional annotation. Functional 

annotations of the GBs were performed by rapid annotation using subsystem technology 

(RAST) and KEGG automatic annotation server (KAAS) servers [13, 14]. Enzymes involved 

in nitrogen metabolism, sulfur metabolism, carbon metabolism, and other key pathways were 

identified from the datasets.  
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Supplementary Figures 

 

Fig. S1 Matanuska Glacier and sampling of the basal ice. (a) Location of Matanuska Glacier 
in the Alaska region (Map data © 2017 Google). (b) Basal ice sampling site (Imagery © 2017 
DigitalGlobe, Landsat/Copernicus, Map data © 2017 Google). (c) Snapshot of the sampling 
site (d) Snapshot of a section of basal ice sample.  
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Fig. S2 Mean coding density plots for the 9 GBs.   



7 
 

 

 

Fig. S3 Distribution of %GC content in the 9 GBs.  
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Fig. S4 Functional classification of the 9 GBs using RAST and KAAS servers. (a) 
Classification of GBs by RAST Subsystems suggests that protein, amino acid, and 
carbohydrate metabolism are three highly abundant subsystems. (b) Annotation of predicted 
proteins as KEGG pathways using KAAS server suggests that pathways for carbohydrate, 
energy, and lipid metabolism are highly abundant. 
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Table S1: Coverage, diversity, and richness of 16S rDNA and rRNA libraries. 
  Library Reads Good’s Coverage # of OTUs Inverse Simpson Chao1 ACE 

rDNA 260144 0.998 1730 20.3 2145 2074 
rRNA 260144 0.999 629 4.2 853 850 
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Table S2: Six active members of the Matanuska basal ice layer community inferred by rRNA:rDNA ratio. 

*Only OTUs with rRNA abundance >2% are included. 

 

 

  

OTU rDNA relative 
abundance (%) 

rRNA relative 
abundance (%) 

rRNA:rDNA 
ratio* Phylum Class Order Family 

OTU0001 0.3 44.6 151.1 Proteobacteria Deltaproteobacteria Desulfobacterales Desulfobulbaceae 
OTU0016 0.2 5.1 28.8 Proteobacteria Deltaproteobacteria Syntrophobacterales Syntrophaceae 
OTU0024 0.2 2.3 13.4 Chloroflexi Anaerolineae Anaerolineales Anaerolineaceae 
OTU0019 0.3 3.4 12.8 Actinobacteria Actinobacteria Micrococcales Demequinaceae 
OTU0008 1.2 14.1 12.1 Bacteria unclassified Bacteria unclassified Bacteria unclassified Bacteria unclassified 
OTU0025 0.2 2.2 9.6 Chloroflexi KD4-96 KD4-96 unclassified KD4-96 unclassified 
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