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Life at the Extreme: The ABRF Metagenomics Research Group

Implementing New Standards in Metagenomics and the Extreme Microbiome Project
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The goal of the Mctagenomics Research Group is to evaluate, develop, and
refine methodologics for metagenomics and microbiome studies — including
study design, controls, detection methods, and bioinformatics pipelines — to
standardize methods and increase detection efficiencies.

Abstract

The Metagenomics Research Group (MGRG) is the latest addition to the
ABRF research group family and focuses on evaluating, studying, and
refining methodologies for analyzing all genomes in a complex population of
microorganisms. This includes developing standardized methods, microbial
controls and refined bioinformatics pipelines. Currently, two projects are

underway. The first will create a cellular-based bacterial standard that can be
used as a reference control, and the second is the Extreme Microbiome
Project (XMP). The development of the bacterial standard builds on
previous work by the Nucleic Acids Research Group in 2013 which
assembled an ethanol-fixed intact microbial community reference standard
with known numbers and types of bacteria used for DNA extraction
efficiency studies. Although the MGRG mbling a similar standard, it is
unique because it is designed to meet very specific parameters. The standard
will include six biosafety level I bacteria which possess Class I genomes with
varying GC content, enumerated using two high resolution volumetric flow
cytometry techniques. Future standards with Class IT and Class IIT microbial
genomes, and representatives from other kingdoms, will be developed at a
later time. The XMP is conducting whole genome shotgun sequencing that
focuses on extremophilic and unique environments. Samples will be analyzed

from several sites such as the pink Lake Hillier in Western Australia, the
“Door to Hell” crater in Turkmenistan, deep ocean brine lakes in the Gulf
of Mexico, deep Arctic Ocean sites of western Greenland, permafiost
tunnels in Alaska, and the International Space Station, among others. The
goals of the XMP study are multifaceted: o develop refined techniques for
the detection and characterization of novel microbes, evaluate DNA and
RNA techniques optimized for extremophile samples, and evaluate
bioinformatics pipelines, with an overall aim of discovering new genes,
metabolic pathways, and life forms.

Activities
» Reference Standards:
o DNA Standard o Whole Cell Bacterial Standards

» Multi-Lytic Enzyme Mix

> Prescrvatives for Microbiome Samples

> Extreme Microbiome Project, sample and assay:
Greenland

o

o Lake Hillier, Australia
Antarctica o Permafrost tunnel

o Penguin microbiome
Deep ocean brine lakes o Blood Falls, Antarctica

<
o Door to Hell crater

o

o International Space Station

Extreme Microbiome Project (XMP)

This new metagenomics project focuses on developing and evaluating methods for the recovery of DNA and RNA from unique sample types containing complex mixtures of
microorganisms, and is creating bioinformatics tools for de novo assembly of deep sequencing data generated from these XMP samples.
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Seq, and Methyl-Seq assays will be performed. Library synthesis techniques and
reagents will be evaluated for suitability with high (and highly variable) GC content.
Bioinformatics approaches are a strong interest of the XMP, including evaluation of
currently available software and creating new assembly and analysis pipelines.

» Lake Hillier
o Compared three sample preservatives
o Extracted RNA with TRIzol LS
o Extracted DNA with MAC4L and Omega kit
o Compared two processing protocols

> E Penguin fecal
o DNA extracted: 0.1 g at 36 ng/ul in 30 ul
o MAC4
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Reference Standards
We are developing two metagenomics standard samples. The
bacterial cell standard contains six microbes as fixed cells with known
quantities, and can be added to an experimental sample or matrix as
a spike-in to evaluate recovery efficiencies. Selected in collaboration
with NIST and ATCC, the species represent a range of

characteristics:
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Cells will be enumerated by microscopy and automated counters to
precisely quantify the contents of the cellular reference standard.

The sccond standard sample will contain genomic DNA extracted
from the cultured cells. The reference will contain known copy
numbers of cach genome as determined by digital PCR. An Oxford
Nanopore MinION sequencing run was recently completed for a trial
version of the DNA standard.

Multi-Lytic Enzyme Mix
In collaboration with Sigma Aldrich, we are developing the MAGAL
Polyzyme mis for digestion of cell walls from the range of specics
present in metagenomic samples. MACAL initially contains
mutanolysin, achromopeptidase, chitinase, lysozyme, lysostaphin,
lyticase, and labiase.

Microbiome Preservatives
DNA and RNA preservatives from Norgen Biosciences, Polysciences,
and DNA Genotek are being evaluated using the bacterial reference
standards, as are custom mixes containing DMSO or ethanol.
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