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Metagenomics + water engineering
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oround: potable reuse




Drinking water
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What factors are driving the current push for potable reuse?

://watereuse.org/educate/water-reuse-101/global-connections



https://watereuse.org/educate/water-reuse-101/global-connections/

W hy are We To understand how treatment processes

studying DPR

in the Nelson
Lab?

affect microbial water quality

Because California regulations for advanced
treatment focus on viruses and protozoans

but not bacteria, so they haven’t been as well
studied




Processes in affecting microorganisms in advanced
water treatment

Process WWTP:
Wastewater
treatment
plant

Treatment Biological

Mechanism -

Removal

Slide modified from Dr. Brian Pecson, Trussell Technologies by Scott Miller and Rose Kantor
Advanced treatment image credit to Emily Marron and Dr. Daniel Daft, Stanford University



Processes in affecting microorganisms in advanced
water treatment

Process WWTP: MF: RO:
Wastewater Micro- Reverse
treatment filtration Osmosis
plant

Treatment Biological

Mechanism : : :
Physical Physical Physical
Removal Removal Removal

Slide modified from Dr. Brian Pecson, Trussell Technologies by Scott Miller and Rose Kantor

Advanced treatment image credit to Emily Marron and Dr. Daniel Daft, Stanford University



Processes in affecting microorganisms in advanced

water treatment

Process WWTP: MF: RO: UV-AOP:
Wastewater Micro- Reverse Ultraviolet-
treatment filtration Osmosis advanced

plant oxidation
process

Treatment Biological

Mechanism : : :

echanis Physical Physical Physical
Removal Removal Removal
Oxidation
Irradiation
Slide modified from Dr. Brian Pecson, Trussell Technologies by Scott Miller and Rose Kantor

Advanced treatment image credit to Emily Marron and Dr. Daniel Daft, Stanford University
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Processes in affecting microorganisms in advanced
water treatment

Process

WWTP: Ozone BAC: MF: RO: UV-AOP:
Wastewater Biological Micro- Reverse Ultraviolet-
treatment activated filtration Osmosis advanced
plant carbon oxidation
process
Treatment Biological Biological
Mechanism Physical Physical Physical Physical
Removal Removal Removal Removal
Oxidation Oxidation
Irradiation

Slide modified from Dr. Brian Pecson, Trussell Technologies by Scott Miller and Rose Kantor
Advanced treatment image credit to Emily Marron and Dr. Daniel Daft, Stanford University
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Study questions

» & &

1. How well does advanced 2. How does the bacterial 3. Are the same bacteria 4. What are the bacteria
treatment remove community change during present before and after capable of doing?
bacteria? treatment? treatment?
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Study design and methods




Methods for
studying

microbial
water quality

Flow cytometry (total and intact cell counts)

ATP concentration (intracellular and total)

amplicon sequencing (16S rRNA gene V4)

Metagenomics (whole community DNA sequencing)

gPCR (antibiotic resistance genes and pathogens)
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1. How well does advanced treatment remove bacteria?
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1. Treatment removes nearly all bacteria but there is

growth after treatment
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2. How does the bacterial community change during
treatment?

21



2. 16S rRNA gene amplicon sequencing

1. Sampling
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‘ O
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2. 16S rRNA gene amplicon sequencing

1.

Sampling 2. DNA extraction | °- Amplification
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2. 16S rRNA gene amplicon sequencing

1.

Sampling 2. DNA extraction
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3. Amplification




2. 16S rRNA gene amplicon sequencing

1.

Sampling

4. Sequencing
(MiSeq v3 150 bp PE)

ATATGGCTAG
ATATGGCTAG
ATATGGCTAG
TTTTGGCTAG
TTTTGGCTAG

GGCTAG

TTTTGGCTAG
TTTTGGCTAG
TTTTGGCTAG
CTTGGGAAG
CTTGGGAAG
CTTGGGAAG
CTTGGGAAG
CTTGGGAAG
CTTGGGAAG

2. DNA extraction | 3 Amplification

05
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1.

2. 16S rRNA gene amplicon sequencing

Sampling

- Sequencing

ATATGGCTAG
ATATGGCTAG
ATATGGCTAG
TTTTGGCTAG
TTTTGGCTAG

GGCTAG

TTTTGGCTAG
TTTTGGCTAG
TTTTGGCTAG
CTTGGGAAG
CTTGGGAAG
CTTGGGAAG
CTTGGGAAG
CTTGGGAAG
CTTGGGAAG

2. DNA extraction

O
Oo
9. Computational
Analysis

A B
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3. Amplification
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2. 16S rRNA gene amplicon sequencing

Sampling

- Sequencing

ATATGGCTAG
ATATGGCTAG
ATATGGCTAG
TTTTGGCTAG
TTTTGGCTAG

TTTTGGCTAG

TTTTGGCTAG
TTTTGGCTAG
TTTTGGCTAG
CTTGGGAAG
CTTGGGAAG
CTTGGGAAG
CTTGGGAAG
CTTGGGAAG
CTTGGGAAG

2. DNA extraction | 3 Amplification

@) -

9. Computational Jupyter notebook with R kernel:

Analysis * DADAZ
 DESeqg2 (decontamination)
[ [ ° Phyloseq

A B

20% 40% 40%

Legionella Ralstonia Unknown

27




Percent relative abundance

2. Community composition changes through treatment

WW_3ary

U
P S s i s

[ e s i sl sl

BAC MF

100 o

~
(&)}
1

(&)
o
1

N
[¢)]
1

o
1

RO

Kantor et al. (unpublished).

Family

[ 0319620

Bdellovibrionaceae

Mycobacteriaceae Rubinisphaeraceae

Saccharimonadaceae

SM2D12

Neisseriaceae

O =

Burkholderiaceae Nocardiaceae

Caulobacteraceae - Oligoflexaceae Solirubrobacteraceae

Chitinophagaceae Paracaedibacteraceae Sphingomonadaceae

Enterobacteriaceae

env.OPS_17

Peptostreptococcaceae |:| Weeksellaceae
- Xanthobacteraceae
NA

Planococcaceae

Pseudomonadaceae

[]

Family_XII

Gemmataceae Rhizobiaceae

T I
Nl e

Legionellaceae Rhodocyclaceae

28



2. Core community
composition
changes through
treatment

Abundance
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3. Are the same bacteria present before and after treatment?

Kantor et al. (unpublished) 30



3. Are the same bacteria present before and after treatment?

Kantor et al. (unpublished) 31



3. Are the same bacteria present before and after treatment?

Site A core community overlaps

Kantor et al. (unpublished) 32



4. What are the metabolic traits of bacteria found in the

treatment train?
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4. Genome-resolved metagenomics

1. 3.

2. DNA extraction lllumina (HiSeq/NovaSeq

sequencing iig)bp paired-

Sampling

Os
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4. Genome-resolved metagenomics

1.

Sampling 2. DNA extraction

4 S.
Binning

(HiSeq/NovaSeq
150 bp paired-
end)

lllumina
sequencing

6.
Annotation and

metabolic prediction




Information
gained from

genome-
resolved

metagenomics
(El Paso)

Kantor et al. (2019). Front. Micro.
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Information
gained from

genome-
resolved

metagenomics
(El Paso)
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1. Bacteria are nearly
completely removed by
treatment, growth afterward

2. Community composition
changes with each treatment
process
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3. Different bacteria are
present before and after
treatment
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