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Community Genomics

« Extremely high diversity, 5000
species/d soll

* 99% of the microbial species are
uncultured
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FW106 Groundwater
Geochemistry

e pH-3.7

e Uranium - 51 mg/L (soil ~500 mg/kg): with highest
U contamination in the world

e Nitrate — 2,331 mg/L

o Sulfate — 1,997 mg/L

e TOC - 244 mg/L (ppb to ppm, acetone, PCE, butanol,
benzoic acids)

« TIC-284 mg/L

e Several metals and organics - ug to mg/L




FW106 Bacterial Cells

e 104 to 10° cells/ml

« Uniform morphology
 Filtered biomass
from~1,700 L for
seguencing, Took about 6
months to optimize the
protocols.
e 300 ug DNA was isolated.
e Sent DNA twice to JGI for
library construction.
e 3 Libraries
40 kb fosmid
8 kb
*3 kb




Metagenome Statistics

« ~52.2 Mb raw sequence data
— ~20 Mb small-insert PUC library
— ~23 Mb 6-8 kb pMCI library
— ~9 Mb large-insert pCC1Fos library

 ~8.1 Mb contigs
— 2586 total contigs (94 bp-1.24 Mb)
— 75 major contigs
— 224 scaffolds w/ at least 2 contigs
— Largest Contig ~1.2 Mb
— Largest Scaffold ~2.4 Mb




Some key guestions

 How many species are present in this community?

« What types of metabolic capacity does the
community have?

* Whether do these populations respond to
biostimulation?




 How many species?
—GC content
—16S analysis
—Metabolic gene analysis
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Abundance of different OTUs

@ Frateuria 99%

m Herbaspirillum 99%
0O Alcaligenes 98%

O Frateuria 100%

m Frateuria 96%

@ Frateuria 95%
m Burkholderia 99%
@ Frateuria 96%
m Burkholderia 99%
m Frateuria 98%

* 90% OTUs from one Frateuria group, like a pure

culture.
* The populations are extremely unevenly distributed




16 phylogenetic tree

BFXI386
100 - AY622233 NABIR FRC soil clone --Reardon
o8 | [DQ125888 NABIR FRC soil clone -Brodie
4000601 Contig2585 16SrRNA

Ly AY218719 Uncultured bacterium clone KD78
100 ' AY218686 Uncultured bacterium clone KD81
AY 188295 Uncultured bacterium clone KD11
AJ010481 Frateuria aurantia
AY495957 Frateuria WJ64

AB100608 Rhodanobacter fulvus

100 1 AF039167 Rhodanobacter lindaniclasticus
L76222 Rhodanobacter lindaniclasticus
BFX1433

100 AJ583181 uncultured russian disposal site clone

80 |13 - DQ125572 NABIR FRC soil clone -Brodie
65| [' OR1-87 NABIR FRC soil isolate --Bollmann
10010Q125555 NABIR FRC soil clone --Brodie
OR1-92 NABIR FRC soil isolate --Bollmann
L ORI1-113 NABIR FRC soil isolate ~-Bollmann

96 - BFXI385
9‘7[::— AM084888 uranium mining waste pile clone

i AJ012069 Herbaspirillum G8A1
S AJ50$?8?4H6e|[|bargpirilllulﬂ1 sp P|V34(11 .
— erbaspirillum seropedicae
99 L— AF164065 Herbaspirillum seropedicae

0.02

67 — BFXI398
AY662003 NABIR FRC groundwater clone --Fields
577 | AF408965 Burkholderia str. Ellin123

\_‘AF408997 Burkholderia str Ellin155

94 | AF408977 Burkholderia str Ellin135
AF408962 Burkholderia str Ellin120

53 DQ125806 NABIR FRC soil clone -Brodie

FRC Gamma Group | (87.4%)

FRC Gamma Group Il (1.6%)

FRC Beta Group Il (4.7)

FRC Beta Group | (3.1%)



Estimated Genome Coverage

e FRC Gamma Group | — 11X
e FRC Gamma Group Il - 0.2X

 FRC Beta Group | (Burkholderia) — 0.2X
 FRC Beta Group Il (Herbaspirillum) — 0.4X

Estimated 2.1 Gb sequence data required for
8X coverage of all known phylotypes

Genome size estimates based on Xanthomonas (4.2 Mb), Herbaspirillum
(6.8 Mb) and Burkholderia sp. (7.0 Mb)



Metabolic capacity of this
community




FW106 Energy Metabolism Genes

30 Cytochromes « 2 Lactate

— 23 c-type Dehydrogenase
« 3 NiFe Hydrogenase * 2 Complete
Operons Complements of TCA
- 2 Nitrate Reductase ~ Cycle Genes
e 2 Formate * Hexose Transporters
Dehydrogenase — 2 Glucose/Galactose
Transporter

Multiple Cytochrome

Oxidase Complexes — 2 ABC-Type Xylose

Permease

— Multiple PTS System
Components



FW106 Nitrogen Metabolism
Genes

* 1 Assimilatory Nitrate Reductase (nasA)
* 1 Respiratory Nitrate Reductase (narGH)
* 1 Nitrite Reductase Complex

* 1 Nitrate/Nitrite Two-Component Sensor

(narX)
 ABC-Type Nitrate

ransport System



FW106 Stress Response GGenes

s 3 RecA » 30+ Sensor Histidine
Ml - 2 CRP/FNR Family ~ Kinase
,331"3 . S|gma Factors e 40+ Cation/MUItidrug
' — 1 67 (rpoD) Efflux Pump and
— 1 05 (rpoN) General Multidrug
_ 2 6% (rpoS) Resistance
— 3032 (rpoH) « 7 Na*/H* Antiporters
— 2 oF (rpoE) 9 Heat Shock
— 1 028 (FIliA) Response

= 2 0-70/ 0-32




FW106 Metal Resistance GGenes

* Arsenate Reductase Operon

* Mercuric Reductase Operons

* Copper Resistance

* Cobalt-Zinc-Cadmium Resistance

« Chromate Resistance Genes

* Misc. Heavy Metal Resistance Genes



Responses to biostimulation




Probes Designed for a Second
Generation FGA

 Nitrogen cycling: 5089

e Carbon cycling: 9198

o Sulfate reduction: 1006

e Phosphorus utilization: 438

» Organic contaminant degradation: 5359
* Metal resistance and oxidation: 2303
300 probes from community sequences

Total: 23,408 genes
23,000 probes designed



Version A contains
~9000 experimental
probes in duplicate
on each slide

All Probe Version
contains ~24500 _,
experimental probess




Biostimulation of microbial populations for Ur removal
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e Microarray analysis
—1-2 L of groundwater
—Extraction of DNAS
—100 ng for amplification, 3x
—Hybridization, 3x hybridizations
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FW101-2 Denitrification, Sulfate
Reduction & Cytochrome C Genes
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* Increased levels of cytochrome C genes correlated with
lower uranium levels




FW106 Genes Iin Biostimulated
Groundwater
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 More genes detected at earlier timepoints but overall
signal intensity increased at later timepoints




FW106 Genes in Biostimulated Groundwater
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 Signal intensity from hybridization to FW106-based
probes increased during biostimulation and U-
reduction




Functional Gene Array Analysis
until the end of October

« >
25 - 35 samples analyzed
/5 more samples being analyzed
~ 20 - _
S $ samples will be analyzed
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Functional Gene Array Analysis

Sample Well
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Plans for microbiology at Criddle Site

e 16S rRNA gene clone libraries, T-RFLP
e 16S arrays

* Functional gene arrrays

* |sotope analysis

* Real-time PCR for Geobacter spp. and sulfate
reducers

 Investigate microbial community under potential
uranium re-oxidation conditions

e Batch experiment



Batch Experiment

Which populations are responsible for U reduction?
Sediment from Area 3

Electron donor: ethanol or acetate — 1.5 mM
Sulfate level: 0 or 1.5 mM

pH: 6.0 0or 7.2

Batch feed once per week

Sample weekly for chemical analyses and every
three weeks for microbial analyses



Bacterial 1solation and
characterization




Diffusion growth chamber for /17 situ cultivation of environmental microorganisms.
A. General view.
B. Growth chambers incubated on the surface of marine sediment.




Isolates versus metagenome
sequences

gammal OR1 | OR1 | OR1 | BFXI | BFXI

R.f F.a.
A40 87 92 113 386 557

R.fulvus

F.aurantica 95.2

Gamma-Proteo A40| 95.1 | 95.6

OR1-87 (isolate) 98 94.8 | 95.7

OR1-92 (bac in mix)| 97.2 | 94.6 | 95.3 | 99

OR1-113 (isolate) 94.8 | 94 | 94.7 | 95.6 | 95.2
BFX1386 96.8(95.1(95.1(96.4|96.1|95.5
BFXI1557 96.5|194.8{94.8(96.1|95.8|95.2 | 99.7
BFX1433 O 234941084 . 998 .5 9952 991 {LL9680 95-7




Further Work on Metagenomics

« Sequence 1-2 more communities with higher
diversity by JGI

« Use targeted approaches to obtain sequences from
less abundantly organisms.

« Examine strain diversity and population genetics

 Isolate selected organisms from community and
sequence genomes

« Examine evolution including horizontal gene transfer,
gene family expansions, etc.

« Construct microarrays to probe community
dynamics

« Understand their ecology and evolution




Additional key questions

 What are the carbon and energy sources for the
community as a self-sustaining ecosystem?

 Whether are they active?

* Whether do the different populations interact each
others? How?

 Why are only these two major groups there?

 How do stresses affect population structure, adaptation
and evolution?




Summary and Conclusions

« Extremely low genome diversity was observed near
S3 pond

* 4 species in Gamma and Beta subdivsions are
identified.

« Despite dominance of metagenome sequence by
Frateuria-like organism, many important metabolisms
map to the Azoarcus-like organism.

» Metal resistance genes are highly abundant.

* Sequence analysis indicates that this community has
appropriate capability to deal with such extreme stress
environments.

« The dominant populations are widely spread at FRC
and do respond to biostimulation but their
physiological roles are unclear.




Acknowledgement

« ORNL
— Terry Gentry « Stanford University
— Chris Hemme — Craig Criddle
— Liyou Wu — Weimin Wu
— Christopher Schadt _ Peter Kitanidis
— Phil Jardine .
_ Zhili He Many people from Craig’s group

— Zhijian Huang

— Huiwen Zhang * Michigan State University

e Y00|b00ng Sung ] JameS M T|edje
— Sanghoon Kang — Terry Marshall
— Gene Wickham

— Wensui Luo ® | BL

— Baohua Gu —~ Terry Hazen

— Weimin Gao "Sle]

— David Watson _ Eddy Rubin

— Tommy Phelps :
i A — Chris Detter

— Northeastern University ® Miami University
— Annette Bollmann — Matthew Fields

— Slava Epstein
— Kim | ewis




	FW106 Bacterial Cells
	Metagenome Statistics
	Some key questions
	16 phylogenetic tree
	Estimated Genome Coverage
	Metabolic capacity of this community
	FW106 Energy Metabolism Genes
	FW106 Nitrogen Metabolism Genes
	FW106 Stress Response Genes
	FW106 Metal Resistance Genes
	Responses to biostimulation
	Overall community similarity
	FW101-2 Denitrification, Sulfate Reduction & Cytochrome C Genes
	Functional Gene Array Analysisuntil the end of October
	Functional Gene Array Analysis
	Plans for microbiology at Criddle Site
	Batch Experiment
	Bacterial isolation and characterization
	Experimental set up
	Isolates versus metagenome sequences
	Further Work on Metagenomics
	Additional key questions
	Summary and Conclusions
	Acknowledgement

