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Executive Summary

Over the last few years, the ability of researchers to perform analysis of the
microbiome (the microbial community) by next generation sequencing (NGS) has
given a fuller understanding of microbial communities from a wide range of
environments. With NGS, researchers are able to inventory all of the organisms
present in an environment (viruses, bacteria, protozoa, etc.). This technology is
important because many of these organisms are difficult to culture in the
laboratory, and NGS can be a way of determining what organisms are present in
the sample. The use of microbiome analysis to assess the impact of an invasive
organism, pollutant, or environmental change needs to be explored so that
researchers at Reclamation can come to understand, appreciate, and take
advantage of this technology.

Two sites were selected for this initial NGS project: Lake Mead and the Salton
Sea. For the last 10 years Lake Mead has been at the epicenter of the Dreissena
bugensis (quagga) mussel infestation in the western United States. The Salton
Sea is an environment where there is high salinity and where the water level is
continuing to decease. For both sites, underlying the ecology of these bodies of
water are the micro-organisms that inhabit the system. The microbial community
is important because of the roles it plays in decomposition, recycling, and as a
food source for higher invertebrates and vertebrates. Understanding the
microbiome can also help improve the understanding of the chemical recycling
pathways (carbon and nitrogen for example) and biogeochemical processes that
occur in bodies of water.

This project had several goals. First, to plan and design a microbiome study.
Second, collect samples and extract DNA for the analysis. Finally, to analyze the
DNA samples by NGS sequencing to create a list of organisms that are present in
the water. The first two goals (sample collection and DNA extraction) were
accomplished in 2016. The third goal is ongoing because the sequencing
company has not yet completed the NGS sequencing and data analysis. Once
those results are available they will be added as data files for this report.

From each of these steps lessons were learned that will be applied to future NGS
studies. First, the design and planning of a NGS project can be either very simple
or complex. For this initial project it was decided to keep the design simple by
analyzing samples from only two sites. Future projects could involve multiple
sites and time points to assess the microbiome. Second, sample collection and
preservation is key. The way that the samples are collected will impact the
outcome because the size of the filter used will select for different sizes of
organisms. Also, if the samples are not preserved the DNA will be degraded
before the DNA extraction is even performed. These lessons that were learned
will help in carrying out future NGS project.



The next step is to use the knowledge and experience gained by this project to
carry out future NGS projects. For fiscal year 2017, the author submitted a
research proposal for to perform NGS on the waterbodies of the Salt River Project
in Arizona. This system offers a unique opportunity for research because there is
an emerging quagga mussel population in two of the reservoirs of the system.
Other future projects will also make use of the NGS technology to address many
different research questions.
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Tables

Table 1: Sample OD readings and concentrations



Main Report

Introduction

The use of next generation DNA sequencing (NGS) technology to assess and
catalog microbiome populations has been done on a wide range of samples from
environmental to human gut analysis [1]. A great deal of research has been
performed to study the role that the microbiome plays in human health [2]-[9].
There have also been many studies that analyze the microbiomes of
environmental samples [10]-[19]. The microbiome can encompass all of the
bacteria, viruses, fungi, and archaea that live in a system. Over the last few years
the number of studies that use NGS has increased. With the ability to catalog the
organisms that are present in a sample, the next step for this technology will be to
use these data to create models and further our understanding of the interplay of
the microbiome with the environment [20].

In an effort to start to use this technology, two sites were selected: Lake Mead,
NV and the Salton Sea, CA for NGS analysis. From each of these sites, DNA
samples were collected and extracted. The DNA was sent to a commercial
company for NGS analysis. Once the NGS company completes the analysis the
data will be added to this report.

These sites were selected for several reasons. Lake Mead is the epicenter for the
invasive Dreissena bugensis (quagga mussel) in the Western United States. The
presence of these mussels has altered the ecology of Lake Mead. The Salton Sea
IS a unique environment with high salinity. The impact of invasive mussels at
Lake Mead and climate change at the Salton Sea for these two very different
bodies of water is of interest to researchers at Reclamations Detection Laboratory
for Exotic Species (RDLES). By collecting NGS samples from these two sites in
2016, it is hoped that future NGS experiments in 2017 and beyond will be able to
build on both the lessons learned in the process and the results that are gathered
during this scooping project.

There are many studies where NGS has been used to analyze the microbiome. To
give an idea of how many NGS studies of microbiomes have been performed a
key word search of NCBI PubMed revealed over 24,000 publications. Many of
these studies are on human and animal microbiomes of the gut and stomach.
There is an ongoing human microbiome project that had the goal of identifying
and characterizing the microbial flora of health and sick individuals. One of the
major attractions of NGS analysis of microbial samples is that many microbes
cannot be easily or cannot be grown in the laboratory setting. With the advent of
NGS it was possible to catalog organisms that could not be grown in the
laboratory. Microbiome research has opened a window into a very complex
world of bacteria, viruses, and other prokaryotic organisms.



There are several research questions that can be answered by conducting a
microbiome analysis of Lake Mead and other bodies of water in the western
United States. For example, how diverse is the current microbiome at Lake
Mead? Is there a wide range of organisms or has it narrowed to a few classes due
to the quagga mussel infestation? The NGS analysis will enable researchers to
have a fuller understanding of the impact of the quagga mussel on Lake Mead.
This technology will allow researchers to compare the microbiome of many
different sites to determine if there are organisms that are absent or over
represented in waters where quagga mussels are present. This preliminary project
was performed to allow RDLES researchers to learn the best way to conduct a
NGS project.

Experimental Design

There are three phases to this study. First, plan and design the microbiome study.
Second, carry out sample collection, DNA extraction, and next generation
sequencing. Finally, the analysis of the NGS data will be used to build a picture
of microbiomes in western waters. This will be a descriptive analysis of the
microbiome of Lake Mead and the Salton Sea. Both of these locations have been
heavily sampled and monitored for multiple years, so there is a wealth of
environmental and chemical data that can be related to the microbiome results.
Hopefully it will be possible to relate the microbiome results to the environmental
data that has previously been collected. This aspect of the data analysis is beyond
the scope of this project and will be an ongoing part of future NGS projects.

The first task in this project was to plan and design the microbiome study. One of
the most important tasks was to identify a company that could perform the NGS
sequencing analysis. This involved online searches and contacting several
different companies (both commercial and university facilities) to obtain quotes
and determine which would best serve the needs of this project. Eventually, a
consulting company (Genohub) that could act as a guide was identified. By
working with this company it was possible to identify a commercial company
who could perform the NGS testing and also analysis. Based on
recommendations from the consulting company it was decided to analyze the 16S
V4 ribosomal region to obtain sequences to identify the different microbes in the
sample. The read lengths would be 2 x 300 (paired end). Both the forward and
reverse sequence will be analyzed. They also guaranteed number of pass filter
paired-end reads per sample as 100,000. Thus, this initial project NGS project
will create a large amount of data.

It was also decided to have the sequencing company perform the initial data
analysis. This is the most important step of the NGS process and understanding
the best bioinformatics programs and methods to use to analyze the data is key to
having usable results. The commercial company performed basic de-noising and
chimera check of the data. They will also perform a basic taxonomic analysis of
the data.



Sample Collection

At Lake Mead and the Salton Sea, a single sample was collected by the boat
ramp. Samples were collected by filtration using a 0.45 um GN-6 Grid cellulose
filter (Pall 66068). The filter was then placed in RNAlater® (ThermoFisher
Scientific, AM7030) for DNA stabilization and storage. The samples were then
shipped back to the RDLES Laboratory for further processing. Upon arrival at
RDLES the samples were refrigerated until the DNA extraction could be
performed.

DNA Extraction

Measures were taken to ensure that there was no cross contamination with
microbes in the laboratory and the samples. This is an important issue when
performing NGS analysis [21]. Prior to extracting the DNA the forceps that were
used to handle the filters were sterilized in bleach. At all stages in the process
nitrile gloves were worn and precautions taken to avoid cross contamination. The
quality control/quality assurance steps that RDLES takes for all samples were
followed.

The filters were removed from the RNAlater® with forceps, and then cut into
pieces. These pieces were placed in a 2.0 mL Eppendorf tube and the Qiagen
DNeasy Blood and Tissue Kit (69504) was used to extract the DNA. The samples
were incubated overnight in the ATL buffer and proteinase K reagents. After the
extraction was completed the OD 260280 Was taken using the spectrophotometer
for both samples to determine the DNA concentration (Table 1).

Table 1: Sample OD readings and concentrations

Sample OD 260 OD 280 Ratio Concentration
260/280 (ng/pL)

Lake 0.0138 0.0101 1.3 0.69

Mead

Salton Sea | 0.0678 0.0484 1.4 3.39

DNA concentration was determined using the formula:

OD260 X conversion factor = pg/mL of nucleic acid

Conversion factor used was 1 OD2go = 50 pg/mL of dsSDNA (double stranded
DNA)

The purity of the DNA was determined by taking the OD2so/280 ratio. The ratios
that were obtained showed that the DNA has some contamination from proteins.
Because the ratios were above 1.

Once the samples were prepared they were shipped overnight to the commercial
NGS company for analysis. The company has to create a library from the DNA
sample and then analyze the sequences on the NGS instrument. Once they have
completed this process they will provide RLDES researchers with the results.



Data Analysis

Once the lists of organisms are returned to RDLES researchers they will be
analyzed. The major families of microbes present at each site will be determined.
This data will be placed on the T drive.

Lessons Learned

There were several lessons learned through this project. First, the number of
samples decreased over time. This was due to the cost of the analysis. For this
project cost of the library creation and then the sequencing for two samples
worked out to be around $440. Future projects with more samples will have
larger sequencing budgets will have to go through the procurement process.

A second issue is that there are many companies that offer NGS services and they
are all very similar in what they provide and in their services. However, not every
company is the same in their customer service and picking the cheapest company
might not give us the best results. When the consulting company (Genohub) was
found it turned out to be a very helpful to the whole process. Their guidance and
assistance it selecting a commercial company that could provide NGS services
was very valuable. Future NGS project will most likely involve using this
consulting company again.

A final lesson learned is to keep the research questions simple. At the beginning
of this project it was proposed to collect many more samples from several
locations and different sampling depths. Overtime, it was realized that this was
not feasible for this scooping project and it was decided to simplify the
experiment to two samples from two very different sites and compare the NGS
results.

Future Directions

Next generation sequencing has its place in Reclamation projects. With this one
method it is possible to determine all of the organisms that are present in a single
sample. The power of this analysis for a wide range of projects from
environmental water and soil sampling, gut content analysis, and also
determination of pathogens in a water reuse sample will only continue to grow.
In the coming years there will be a movement from just building catalogs of the
organisms present in the sample to gaining a fuller understanding of how these
microbes are interacting with each other and the environment. The use of this
technology will continue to increase. Already RDLES researchers have plans for
additional NGS projects to analyze samples from a wider range of water bodies.
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Data Sets that support the final report
If there are any data sets with your research, please note:

e Share Drive folder name and path where data are stored: T Drive,
ENGRLAB, HYDLAB, RDLES, Mussel Sample, 2016, Microbiome Data

e Point of Contact name, email and phone: Jacque Keele, jkeele@usbr.gov,
(720) 930-1056

e Short description of the data: Data files of the sequencing results for Lake
Mead and the Salton Sea

e Keywords: Next Generation Sequencing, microbiome

e Approximate total size of all files: Data pending

Date files: NGS results for Lake Mead and Salton Sea (to be added once the
results are obtained from the NGS sequencing company).
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