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I. Traditional microscopy-focused techniques

a. Light, Fluorescence, Confocal Microscopy

b. FISH

II. Current & Up-and-Coming DNA-/RNA-Based Molecular Techniques

a. Stable Isotope Probing (SIP)

b. Polymerase Chain Reaction (PCR)

Quantitative Real-Time PCR (qPCR/qRT-PCR) 

Reverse Transcription PCR (RT-PCR) 

c. Next-Generation Sequencing and Bioinformatics

Genomics

Transcriptomics

III. Research Case Studies 

a. POPs

b. Biofuels & Alternate Endpoints

c. GHG Emissions

d. Annamox

e. Full-scale WWTP monitoring
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Microscopy
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Microscopy
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Fluorescent probes are designed to 
bind to specific DNA- or RNA-
sequences in the target organisms, 
which then can be visualized via 
fluorescence microscopy

Applications 
• Detecting pathogenic bacteria
• Visualization of specific species in 

mixed cultures
• Localize DNA and RNA targets in a 

variety of sample types
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Fluorescence In-situ Hybridization 
(FISH)

© 2005 Nature Publishing Group Speicher, M. R. et al. The new cytogenetics: blurring the 
boundaries with molecular biology. Nature Reviews Genetics 6, 784 (2005). All rights reserved.

http://www.nature.com/
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Current Practices:
Stable Isotope Probing

PCR Basics & Tools
Next-Gen Sequencing



Compounds containing stable isotopes 
are used to treat an environmental 
sample; the ability or inability to 
incorporate the isotope into DNA, RNA, or 
PLFAs indicates an organism’s ability to 
perform a specific reaction.

Applications
• Determine which species are involved in a 

specific reaction pathway
• Assess whether the organisms in your 

sample are capable of/actively performing a 
specific reaction
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Stable Isotope Probing (SIP)

Dumont, MG; Murrell, JC (June 2005). Stable Isotope 
Probing- linking microbial identity to function. Nature 
Reviews Microbiology 3, 499-504.
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Polymerase Chain Reaction (PCR)
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Polymerase Chain Reaction (PCR)



Things to keep in mind:

-Primers can be designed and optimized for specific goals

-Multiplex PCR can be used to amplify several regions at once

-Relatively low-cost

-Intermediate skill level and optimization of reaction cycles 
required
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Polymerase Chain Reaction (PCR)
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Quantitative PCR (qPCR)

By using a set of standards of 
known concentration, qPCR can 
help quantify the amount of starting 
template material

Applications
• Quantifying relative abundance of 

microbial species in a mixed 
community

• Quantifying relative abundance of 
genes of interest across samples

Quanta Biosciences



12

Reverse-Transcription PCR (RT-PCR)

By first converting RNA samples 
into cDNA, even RNA can be 
analyzed/quantified with PCR

Applications
• Determining presence/absence of 

specific genes at the RNA level
• Differential gene expression across 

samples (assess your community’s 
activity in different conditions)

Quanta Biosciences

RNA

Complementary DNA (cDNA)

Reverse Transcription

qPCR/PCR



Bioinformatics Using NGS DNA-, RNA-, and protein-level information to connect 
microbial genetics and expression to wastewater treatment processes

Which microorganisms are 
present in the sample?

Which metabolic & functional 
pathways are active in the 

sample?

How are genes being differentially 
expressed or gene products being 

differentially produced across 
samples?

16S Amplicon Sequencing 
(Metagenomics)

Shotgun DNA Sequencing 
(Metagenomics), RNA-Seq

(Metatranscriptomics), 
Metaproteomics

RNA-Seq
(Metatranscriptomics), 

Metaproteomics
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Traditional Sanger Sequencing

© Ned Shaw, The Scientist, September 27, 2004

The University of Michigan, 
DNA Sequencing Core



Sequencing refers to the process of determining the order (sequence) of base pairs 
(A,T,C,G) which encode genetic information. Next-Generation Sequencing uses 
semiconductor chips to convert the biochemical information held in a DNA or cDNA 
sequence to electronic data which can be processed and analyzed with high-
throughput computing.
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Next-Generation Sequencing (NGS)

Library 
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Sequencing
Bioinformatics/ 
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(Meta)genomics

DNA extraction

16S 
Amplification

Library 
Preparation

Sequencing

Data Trimming 
& Quality 
Control

Taxonomic 
Identification 
(BLAST, etc.)

DNA extraction

DNA 
Fragmentation 

& Size Selection

Library 
Preparation

Sequencing

Data Trimming 
& Quality 
Control

Annotation 
(BLAST, KEGG, 

Prokka)

Identifying the Community 
(16S Amplicon Sequencing)

Identifying Functional Pathways 
(Shotgun Sequencing)
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RNA extraction

rRNA removal

mRNA 
fragmentation RT

Library 
Preparation

Sequencing
Data Trimming 

& Quality 
Control

Read 
Alignment

Normalization DGE Analysis & 
Plotting

(Meta)transcriptomics (RNA-Seq)
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18Knief, Claudia (2014). Analysis of plant microbe interactions in the era of next generation 
sequencing technologies. Front. Plant Sci. 5
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NGS Mechanism

Knief, Claudia (2014). Analysis of plant microbe interactions in the era of next generation sequencing technologies. Front. Plant Sci. 5



Bioinformatics Using NGS DNA-, RNA-, and protein-level information to connect 
microbial genetics and expression to wastewater treatment processes

Which microorganisms are 
present in the sample?

Which metabolic & functional 
pathways are active in the 

sample?

How are genes being differentially 
expressed or gene products being 

differentially produced across 
samples?

16S Amplicon Sequencing 
(Metagenomics)

Shotgun DNA Sequencing 
(Metagenomics), RNA-Seq

(Metatranscriptomics), 
Metaproteomics

RNA-Seq
(Metatranscriptomics), 

Metaproteomics
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Things to keep in mind:

-Still fairly costly

-Difficult techniques → most send samples to a core 
facility rather than sequencing on-site

-Huge amounts of data to sift through and analyze →
know what final information you want BEFORE you 
sequence

-Many different software packages
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Bioinformatics
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23Vossenberg, J, et al. (2013). Environmental Microbiology 15(5):1275-1289



24Turner, T, et al. (2013). The ISME Journal 7, 2248-2258
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Research Studies
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Persistent Organic Pollutants
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PoPs (SIP, PCR, NGS)

13C-labeled potential 
or known PoPs Biomass 

sample

Ultra-centrifuge

Bands separated 
based on 13C 
incorporation

qPCR
RT-qPCR
16S Amplicon Sequencing
Shotgun Metagenomics
Metatranscriptomics

Who can incorporate these compounds?
Can microbes be used to treat areas polluted with PoPs and then be more safely discarded or used?
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Biofuels & Alternate Endpoints



Current research is more focused on wastewater reuse than 
treatment

How can NGS and other molecular techniques be applied?
• What biochemical processes are possible in your samples?
• Perhaps side reactions are already occurring which you can identify
• Under which conditions is the production of alternative endpoints 

optimized

Example:
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Biofuels (NGS)

Lipids
VFAs
Methanol

Anaerobic 
Digestor

NGS

Genes involved 
in production 
of alternate 
endpoints

Various Conditions
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Greenhouse Gas Emissions
Who is producing these gases and under which conditions?



31Chandran, K (2011). Biochem. Soc. Trans. 39, 1832-1837
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Anaerobic Ammonia Oxidation 
(Anammox)
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Finding & Understanding Novel Species

Vossenberg, J, et al. (2013). Environmental Microbiology 15(5):1275-1289
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Full-Scale WWTP Monitoring



Which organisms are currently present in my treatment plant?

What are these organisms capable of doing?

What is the activity of these organisms?

Linking chemical & gaseous profiles to molecular data

Molecular “fingerprinting”
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Full-Scale Monitoring/Research



• Molecular techniques now include a wider range of 
possibilities than ever

• In R&D situations, techniques such as NGS can be useful 
for exploratory understanding of a system

• For more practical applications, SIP, PCR-based 
techniques, NGS can all be used to answer very specific 
questions

• These techniques vary greatly in cost, expertise required, 
input materials, but determining which can be used to 
answer your question of interest is the first step
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Conclusions
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Thank You!


