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== Introduction to genejtrac Testing

* Gene-Trac = DNA based tests

O Quantitative (q)PCR tests for specific microbes &
functional genes for bioremediation/other biological
processes

O Gene-Trac NGS for microbial community analysis

* Over 35,000 tests performed from sites worldwide
* 40 specific gPCR targets available,

You can now use our online form to order your sampling supplies.

'CLICK HERE TO ORDER SAMPLING SUPPLIES
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https://www.siremlab.com/sampling-supply-form/

Gene-Trac Test Targets

Over Forty Gene-Trac Tests for various compound classes:

«  Chlorinated solvents (anaerobic and aerobic pathways)
« 1,4-dioxane (metabolic and cometabolic)

« BTEX degradation (anaerobic and aerobic)

« MTBE

* Nitrogen compounds (e.g., anammox/denitrification)

*  Perchlorate

*  Microbial groups (e.g. SRB/SOB/Archaea/)

*  Microbial community characterization

«  SARS CoV-2 environmental testing

« And more...

Visit www.siremlab.com for Gene-Trac targets list
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Gene-Trac Tests for PHC Degraders

Anaerobic Pathways Aerobic Pathways

Methane/Propane
Monooxygenases
* Naphthalene Dioxygenase
* Toluene Monooxygenase
e Toluene Dioxygenase

* Phenol Monooxygenase
Xylene Monooxygenase
MTBE/TBA degradation

Benzene — ORM-2/abcA
Peptococcaceae

* Toluene-bssA

* Geobacter — aromatics

e Sulfate/Nitrate Reducers
synthophs to anaerobic

pathways

e Of
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.' ORMZ2 Anaerobic Benzene Degrader

ORMZ2 is a Deltaproteobacterium
Benzene specialist from an oil refinery site
Produces enzymes that ferment benzene

Gene-Trac ORM2 test is used to quantify
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== What is Next Generation Sequencing (NGS)?

High throughput DNA sequencing technologies that provide massive amounts
of sequence data —used for microbial community characterization

Most Common Platform:

MiSeq

* lllumina “MySeq”

O Millions of sequence reads/run

O Tens of thousands of sequences per sample
O Has reduced sequencing costs dramatically
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== Some Uses of Gene-Trac NGS
Microbial Community Analysis

Make better informed decisions manage bioremediation systems:
« Understand existing and potential microbial processes (e.g., MNA)
 Visualize microbial community spatial and temporal variability

« Determine impact of amendments electron donors/acceptors,
nutrients, pH buffers, bioaugmentation etc.
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Enumeration

Gene-Trac NGS provides
estimated enumeration for
dominant microbes

While not as quantitative as
gPCR, provides lots of data
at ~$10/enumeration
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== Value of Molecular Genetic Testing

Establish Causation: Molecular tests provide information on why changes are
occurring-Proof bioremediation is occurring

Parallel Lines of Evidence: provide additional evidence of site changes and
progress — for LNAPL sites, may not see decreases in agueous concentrations but
may see increases in hydrocarbon degraders

Very Sensitive: detect changes in microbiology before geochemical changes
observed (e.g., Dhc increases months before ethene detected)- Sensitivity especially
useful for MNA sites where microbial abundance is low

Spatially Discrete: microbes are more localized than their metabolic products (e.g.,
methanogens vs. methane)-can help locate problem areas

2: SiREM | siremlab.com



« Samples can be either field filters
or 1L groundwater samples

« Groundwater samples weigh 1 kg
(2.2 Ibs), filter weighs <25 grams,
ships in Styrofoam 1/40™" weight

« =Substantial shipping $ saving
with filter samples

== SiREM | siremlab.com



==Maximizing Value with your Sampling Strategy

Maximize Interpretable Data
* You only have one chance to get a baseline sample- get these even if you expect it to be negative
«  Sample source zone, upgradient /downgradient/locations with varying geochemistry- gives context

» Blind duplicates increase confidence in data/provide replication

$ Savings

Move testing outward from injection locations-impact of injections often takes time to spread

Focus on zones where changes are occurring-or are likely to occur
« Can pool samples e.qg., to determine if certain biodegrader present or absent at site - impact detection limit

*  You can sample, extract and archive for $100/sample-test later as needed based on other data etc.
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== Choosing the Right Testing Regime

Bioaugmentation typically tracking only 1 or 2 key microbes

. . . ;? )
e.g., ORM2 and SRB-for benzene bioremediation ]ﬁ&f/
« & | /.,
T . &
= ? %

MNA-—often requires using more test targets to confirm
/rule out multiple/rare degradation pathways—NGS good tool =

Chlorinated solvents Dehalococcoides and Dehalobacter and
Dehalogenimonas often key players- main functional genes
well characterized

Petroleum hydrocarbons-79 microbial genera degrade/multitude
of functional genes—NGS good tool to find diversity
individual gPCR (or even arrays) may be insufficient



as Cetting the Most from your Data

Look at trends- are key microbes increasing? stationary? declining?

Use doubling times of key microbes- as a performance measure for

different locations across a site “inverse half lives™ = w2

g2 =microbe concentration at t2 gl=microbe abundance at t1 log(%)

Dig deeper- NGS provides detailed spreadsheets of rare site microbes
= identify potential biodegraders to biostimulate

Use microbes as biomonitors- to better understand site changes
e.g., in DO/ORP/pH/toxicity/salinity etc.

2: SiREM | siremlab.com
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Data Interpretation Documents
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e :
—— Conclusions

The growing range of molecular testing tools to better manage petroleum
bioremediation remediation sites:

Choose tests wisely

Sample wisely

Interpret well

Speak with your lab - we can help you plan and make the most of your data
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Thankyou for Joining! h
Course Code
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Further Information
Phil Dennis, Principal Scientist
(pdennis@siremlab.com) 519-515-0836

siremlab.com
Toll Free 1-866-251-1747
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