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Fig. 1. Global frequency and abundance of HgcA based on the metagenomic projects evaluated. Overlay is the estimated continental emis-
sion of Hg (in tons) based on “UNEP Global Mercury Assessment 2013: Sources, Emissions, Releases and Environmental Transport” (2). Diamonds
represent pelagic ocean water samples, whereas circles represent all other samples. The abundance of Hg emissions and hgcA is colored according

to the accompanying legend.

global and taxonomic distribution, and relative abundance. Implicit in
this study was an assessment of the potential to methylate Hg from a wide
variety of environments in the context of what is known about MeHg
levels and risks in specific niches, including the human body. We spe-
cifically evaluated the prevalence and distribution of newly discovered
types of Hg methylators while addressing long-standing questions
about the evolutionary history of Hg methylation and its relationship
with known biological processes. Figure 1 provides an overview of the
environmental and geographic breadth of available metagenomes in-
vestigated. Colored symbols in the figure show hgcA abundance in each
metagenome overlaid with Hg emissions estimated by country (2) to
highlight the intersection of Hg availability and the presence of the
Hg methylation genes.

RESULTS

The presence of HgcA was evaluated in ~3500 available environmental
microbial genomes comprising about 8 x 10° genes and 8 x 10" nucleo-
tides (table S1). We primarily used the assembled and annotated data
publicly available in the U.S. Department of Energy (DOE) Joint Genome
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Institute IMGM comparative analysis system, which consists of data gen-
erated under numerous metagenome sequencing projects, including the
Human Microbiome Project (13, 14). To search for orthologs of HgcA
and HgcB, we generated hidden Markov model (HMM) profiles for
full-length proteins and for the HgcA cobalamin binding domain and
transmembrane domain. Because of the highly fragmented nature of me-
tagenomic data, we expected many, if not most, genes and encoded pro-
teins (including HgcA and HgcB) in microbial metagenomes to be
incomplete. Reliably identifying such proteins and protein fragments (in-
cluding previously unknown variants) and distinguishing them from
their relatives (other CFeSP and ferredoxins) in large data sets using
simple sequence alignment-based algorithms [for example, Basic Local
Alignment Search Tool (BLAST)] are difficult. We used profile HMM-
based searches, which are more sensitive and accurate in identifying
homologs compared with other similar methods (15).

For the development of HgcA and HgcB HMMs that would enable us
to distinguish them from more distant homologs, profiles were built using
the full range of known hgcAB sequences (that is, the genomes of about
40 species), including all known groups of methylators in Bacteria and
Archaea (7). The effectiveness of identifying true HgcA and HgcB candi-
dates and discriminating against their WL pathway-associated CFeSP
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