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Abstract

Marine microbial communities produce a high diversity of natural products encoded by Biosynthetic Gene Clusters (BGCs). So far
most of this metabolic diversity remains unknown, due to technical limitations in studying microorganisms. Metagenomics
represents a powerful approach to access the metabolic potential of microbia communities. In this work, we used the
metagenomic data from the TARA Oceans and Ocean Sampling Day sequencing campaigns, in order to study the biogeography of
BGCs in marine environments. These datasets offer a valuable opportunity to explore the unknown world of BGCs of marine
microbial communities, and the underlying mechanisms that structure the composition of these genes in the environment. It
represents the first biogeographic analysis of BGCs on marine environments on a global scale.
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The secondary metabolism (SM) of microorganisms comprises a large
diversity of functions and compounds. SM plays an important role in the
ecology and physiology of microbes. Many aspects of their lifestyle are
affected by their SM, including nutrient scavenging, chemical synthesis and
environmental sensing. Additionally, SM produces a variety of products
that are highly valuable for industrial and medical applications, like vitamins,
antibiotics, bioplastics among others. The genes involved in these metabolic
pathways are commonly organized in Biosynthetic Gene Clusters (BGCs):
physically clustered genes that encode the biosynthetic enzymes for a
pathway.

Metagenomic data provides an opportunity to access this reservoir of
microbial functional diversity. Although some of the biggest metagenomic
sequencing efforts are from the ocean (e.g. Global Ocean Sampling
Expedition [1]; TARA Oceans [2] and Ocean Sampling Day [3]), to our
knowledge, there are no comprehensive surveys exploring BGCs
composition in this environment.

In this work, we study the biogeography of BGCs in marine environments.
That is to say, study their patterns in space, in time and aong
environmental gradients, and understand the processes generating and
maintaining such distribution patterns. In turn, these analyses will alow us
to explore the unknown universe of BGCs in the ocean and contribute to the
discovery of new bioactive compounds. All datawere taken from the TARA
Oceans and Ocean Sampling Day campaigns. The mgjority of the samples
from these data sets correspond to open ocean and coastal environments,
respectively. In total, we analyzed 392 metagenomic samples. Based on
66,531,749 contigs from the assembly of these metagenomes, we identified
13,137 BGCs, belonging to 49 different classes. For this task, we first used
the UproC tool [4] to extract contigs with signatures proteins or protein
domains of BGCs. The resulting subset of contigs was classified with
antiSMASH [5]. Additionaly, the corresponding 16S ribosomal DNA
amplicon sequences from these samples were extracted using SortMeRNA
[6], refined and classified by the SILVAnNgs pipeline [7]. Findly, the BGC
and taxonomic annotations were integrated with the environmental data.
Applying a series of biogeographic exploratory analyses, we aim to study
the association between the BGCs and taxonomic distributions, and the
environmental parameters.

Those biogeographic analyses will contribute to the understanding of the
factors determining the diversity and patterns of BGCs as well as their
taxonomic origin, i. e. exploring the differences between coastal and open
ocean environments (Fig. 1). Furthermore, this study helps to understand
the ecological and evolutionary processes that shape the relationship
between marine microbial communities and the environment. Last but no
least, the biogeographic analyses of BGCs can be useful for identifying
hotspots of biosynthetic diversity and guide the discovery of novel
bioactive natural productsin the future.
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Fig. 1. Boxplot of the BGC distributions of the OSD and TARA datasets of
four different classes. Hserlaconte: Homoserine Lactone Synthase, Nrps:
Nonribosomal Peptide Synthetase, T1pks: Type | Polyketide Synthase and
Trepene: Terpene Synthase.
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