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Objective: Move away from “bigger is better” to a decentralized locality based

processes that utilizes local feed stocks to create needed products in the most
economic method

Gas production
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* Coal/Coalbed Characteristics — Ongoing, flow pathways
* Microbial Analysis

* 16S rRNA Gene Sequencing of 5 coal basins — What microorganisms are present
* Metagenomic Analysis of Appalachian basin — What microorganisms are present
— What is the functional potential
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Coal Characterization TECHNOLOGY
Coal CT scans —slices through 2 inch diameter cores
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Coal Characterization
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Pittsburgh Coal polished sections — impregnated with rhodamine-b dyed epoxy

Vertical slice
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Pittsbugh Coal tif Cleat System and Maceral Porosity

Horizontal slice
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* Coal/Coalbed Characteristics — Ongoing, flow pathways
* Microbial Analysis
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* 16S tRNA Gene Sequencing of 5 coal basins — What microorganisms are present

* Metagenomic Analysis of Appalachian basin — What microorganisms are present

— What is the functional potential
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—— » Taxonomy
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Sequencing Assembly & Binning
Annotation —_—

» Some taxonomy
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* Coal/Coalbed Characteristics — Ongoing, flow pathways
* Microbial Analysis

NATIONAL
ENERGY
TECHNOLOGY
LABORATORY

* 16S tRNA Gene Sequencing of 5 coal basins — What microorganisms are present

* Metagenomic Analysis of Appalachian basin — What microorganisms are present

— What is the functional potential
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168 rRNA Gene Sequencmg
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20 samples analyzed by 16S
sequencing with Earth
Microbiome Project (EMP)

48 samples analyzed by 16S
sequencing in house

Y. Tucker 12




16S rRNA Gene Sequencing L .
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Average Methanogens Per Location
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Powder River Basin Illinois Formation Black Warrior Basin Appalachian Basin
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* k__Archaea p__Euryarchaeota c__Methanobacteria * k__Archaea p__Euryarchaeota c__Methanomicrobia

Although methanogens were found in each region, variations of population were great.
The highest percentage was seen in the Appalachian coal sample at 20% but the average was closer to 3-5%

Methanogens Per Sample

® k__Archaea;p__Euryarchaeota;c__Methanobacteria

* k__Archaea;p__Euryarchaeota;c__Methanomicrobia
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O [] Acidobacteria
N

AP2.277 . Actinobacteria
Q Bacteroidetes
. Chloroflexi

. Crenarchaeota
. Cyanobacteria
I:‘ Euryarchaeota

< ! | [] Firmicutes
Sequencing Data from the Earth Microbiome Project Collaboration: st
Samples denoted SIU and MSU come from respective collaborators. Euryarchaeota indicates - A
methanogen group (yellow). P-value (0.0004) of unweighted Unifrac tree suggests that changes in E Z;m

microbial communities can be attributed to geographic relationships. However, differences exist
between samples from the same seam, even in core samples a few feet apart. Coal core samples | .
are noted by circles and diamonds indicate water samples. Size of circle or diamond indicates depth | g o . goetes
(deeper samples are larger). B verrucmicotia

. Protecbacteria
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In-House
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! . Northern Appalachian Basin
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Central Appalachian Basin

Black Warrior Basin

Layer 3

Euryarchaeota (No Aggregation)




16S rRNA Gene Sequencing
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Microbial Composition
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* 16S tRNA Gene Sequencing of 5 coal basins — What microorganisms are present

* Metagenomic Analysis of Appalachian basin — What microorganisms are present

— What is the functional potential
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Inferred taxonomy of metagenome -

[ Actinobacteria [[] Bacteria

[ sacteria [] Bacteroidetes/chicrabi groun
[ chlorofiesi Euryarchaeota

B curvarchaeors || Protecbacteria

[ proteovacteria [ cetutar organisms

[ mermotogae

[ cetivtar organisms
] environmental sample

[ sacteria

] chiorofext

B eunyarchacota [ sacteria
. Candidatus Marinimicrobia
. Firmicutes E] e
[ protectacteria e
] symergistetes = Euryarchacota
] mermotogae Firmicutes
] cetiutar organisms [ proteobacteria
[ environmental samsles. [ spirachactes
[ symergistetes
[ mermotogas

celiular organisms
. environmental samples
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Inferred taxonomy of coalbed metagenomes

120

Appalachian San Juan Alberta W other

= Opitutae

= Oceanospirillales
BB137 L32A CG8 CG13

100

Actinobacteria

Rhizobiales
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© Alberta Basin
© San Juan Basin

© Appalachian Basin
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Pseudomonas Stutzeri draft genome .
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Psuedomonas stutzeri strain Size (Mb) GC% Scaffolds Completeness Contamination
K35 4.79969 62.9 194 99.2 0.72
SDM-LAC 4.23321 60.6 199 99.04 0.82
TS44 4.27882 64.4 78 99.04 1.35
KOS6 4.94721 62.7 5 99 0.64
273 5.03094 60.3 1 98.96 0.95
DSM 10701 4.17412 63.2 1 98.85 0.29
P. xanthomarina S11 5.05197 62.3 73 99.31 0.4

P. chloritidismutans AW-1 5.06 62.5 77 95.03 542
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P. Stutzeri Pathways L

Outer membrane Periplasmic space
Inner membrane

purines, FAD, folate,
pyrimidines riboflavin

Molybdenum

Branched-chain
amino acids
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* Production and geochemistry correlations with 16S rRINA gene sequencing
* Metagenome analysis of Appalachian Basin
* Methanogen draft genome

* Coal characterization

* Nutrient amendment tests
* Carbon degraders
* Methanogens
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!\It_ltrignt ammendment : Gas product EEE%
injection p 2‘“1 .

MEC Systems

Website:

htt

s:/ /edx.netl.doe.gov/mecsystems/
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