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US EPA: ABOUT US 

The Office of Research and Development
(ORD) is the scientific research arm of
EPA, whose leading-edge research helps
provide the solid foundation of science and
technology for the Agency.

http://www.americanhighschool.org

In particular, the Water Systems Division (WSD in NRMRL)
develops and evaluates strategies and technologies to reduce the
risks associated with chemical and microbial contaminants in
drinking water systems.



WATER SYSTEMS: RESEARCH AREAS
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WATER SYSTEMS: RESEARCH TECHNOLOGY
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Next Generation Sequencing. Reseach applications for the analysis of a drinking water system.  



NGS: research applications (case studies)
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APPLICATION: TAXONOMIC PROFILE

NGS APPLICATION: taxonomic profile

Distribution System. Service area map with sampling site locations. 

TAXONOMIC PROFILE

Exp.  Design

DNA

Sequencing

100  Sphingomonas hankookensis (FJ194436)
89  OTU044 (JX286009)

85  Sphingomonas oligophenolica (AB018439)
 OTU009 (JX285679)
 OTU048 (JX286020)

8679  Sphingobium amiense (AB047364)
75  OTU041 (JX285885)

 Sphingomonas yanoikuyae (D13728)
90

77  OTU032 (JX285847)
97  Uncultured bacterium LIB012 (JX084282) †

 Blastomonas natatoria (AB024288)
100

 Uncultured bacterium LIB052 (JX086091) †
100

 OTU020 (JX285793)
 Porphyrobacter donghaensis (AY559428)

99  OTU001 (JX284465) α
98

100  Brevundimonas nasdae (AB071954)
 OTU051 (JX286041)
 Methylobacterium populi (JQ660129)

100  OTU043 (JX285921)
100  Uncultured bacterium DSSF7 (AY328630)†

78 99  OTU033 (JX285874)

Pr

 Hyphomicrobium vulgare (AB543807)

ot

59  Labrys wisconsinensis (EF382666)

eob

100  Uncultured bacterium LIB040 (JX084548)† ac

 OTU004 (JX285343)

te

67 99  OTU003 (JX285100)

ria

87  Uncultured bacterium B23 (JQ655389)
50  OTU110 (JX286078)

100  Uncultured bacterium DSSF78 (AY328700)†
 OTU219 (JX286356)
100  Uncultured bacterium JM22D (FJ773358)

99
92  OTU139 (JX286190)

 Petrobacter succinatimandens (AY219713)
98  Delftia lacustris (EU888308)

53  OTU027 (JX285835) β
99  Acidovorax temperans (AF078766)

100  OTU113 (JX286104)
72

 Albidiferax ferrireducens (CP000267)

100  Uncultured bacterium DSSD99 (AY328796)†
100  OTU136 (JX286171)

 Fangia hongkongensis (AB176554)
 OTU214 (JX286302)

66
87  Uncultured bacterium C21 (JQ613392)

87  OTU184 (JX286287) γ
100  Uncultured bacterium TH h39 (EU980287)

100  OTU125 (JX286144)
52  Uncultured bacterium AR131 (GQ860225)

100  OTU022 (JX285799) δ

 
100

Actinobacteria (see Fig. S3B)
 Bacillus thuringiensis (JQ659733)

100  OTU132 (JX286161) Bacilli
 Thermus scotoductus (AF032127)

100  OTU138 (JX286182) Deinococci
 Gemmata obscuriglobus (X56305)

100  Uncultured bacterium MN22 (JN869022)
100  OTU156 (JX286222)

0.05



APPLICATION: COMMUNITY PROFILE 

NGS APPLICATION: community profile
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Microbial structure and response. The
community is sensitive to changes in operational
parameters (i.e. disturbance) and respond by
returning to its stable state after a shift in
community composition (i.e., resilience).

Operational details. Organized into five distinct operational schemes
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APPLICATION: MEATBOLIC PROFILE 

NGS APPLICATION: metabolic profile
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Biofilm. Samples were harvested from crown (top) and invert (bottom)
sections of a concrete corroded wastewater pipe.

Exp.  Design

Biofilm
DNA

Whole genome sequencing METABOLIC PROFILE
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The Sulfur metabolic pathway.

Taxonomy and relative abundance of 
Sulfur-related proteins.



WATER SYSTEMS: MODELLING/PREDICTION

NGS APPLICATION: biomarkers

Public Health. Water sources, potential threats and protection.
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APPLICATION: GENOMICS 

10

NGS APPLICATION: genome analysis

Genome stability. Members of the dominant population maintained the
same genomic structure (including a core assemblage of ARGs).

Pan-Genome of L. pneumophila

 L pneumophila str L01C

Genome Analysis. Core genes of
isolates and representative strains.

94

100

 L pneumophila str L03B

 L pneumophila str L05B
95  L pneumophila str L08A

92
 L pneumophila str L02C

 L pneumophila str L04A

 L pneumophila str L09A

 L pneumophila str OLDA 1

100  L pneumophila str OLDA

100  L pneumophila str Paris

 L pneumophila str Philadelphia
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Biofilm: future directions in research
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BIOFILM: RESEARCH PERPESPECTIVE 

“Microbial ecology is currently undergoing a revolution... …the rapid accumulation of
molecular data is uncovering vast diversity, abundant uncultivated microbial groups and
novel microbial functions.”

Ingerson-Mahar and Reid (2012) American Academy of Microbiology, pp13.

Microbiome Metagenomics Metatranscriptomics Metaproteomics Metabolomics

Total Genes
Taxonomy/Community

Expression FunctionTranslation

mRNA16S rRNA

single-gene high-throughput sequencing
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BIOFILM: RESEARCH PERPESPECTIVE 

“Microbial ecology is currently undergoing a revolution... …the rapid accumulation of
molecular data is uncovering vast diversity, abundant uncultivated microbial groups and
novel microbial functions.”

Ingerson-Mahar and Reid (2012) American Academy of Microbiology, pp13.

Microbiome Metagenomics Metatranscriptomics Metaproteomics Metabolomics

Total Genes
Taxonomy/Community

Expression FunctionTranslation

mRNA16S rRNA

single-gene high-throughput sequencing

“Like any other technique, their value is not determined by their engineering or technical
brilliance or their cost but rather by their ability to help us test scientific theory and
address scientific questions.”

Prosser (2015) Nat Rev Microbiol 7:439-446.



14

BIOFILM: RESEARCH PERPESPECTIVE 

“The field of microbial ecology is at a stage where it is necessary to move beyond
describing which groups are present, and start to design studies upon which
experimentation and modeling of community establishment, succession, stability and
function can be carried out…”

Ingerson-Mahar and Reid (2013) American Academy of Microbiology, pp13.

Adapted from Myrold (2015) What do ‘omics do best?



USEPA COLLABORATORS

Stacy Pfaller
Dawn King

Randy P. Revetta
Claudine Curioso
Jorge W. Santo Domingo
Megan Berberich
Laura Boczek
Adin Pemberton
Mark Rodgers

APTIM personnel
Pegasus personnel

Carolyn Carter


	Drinking Water Systems: methods and applications��Next Generation Sequencing Mini Conference 2018: The Embassy of the Federal Republic of Germany �May 14, 2018�Washington, DC��Vicente Gomez-Alvarez, Ph.D.�Drinking Water Systems Branch�Office of Research and Development
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15

