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Environmental Metagenomics

errram-
ot

Great for unbiased,
exploratory analyses, as
well as when standard

assays provide
ambiguous or no results
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Metagenomics: Powerful Investigative

Tool and Regulatory Challenge

The New Nork Times Contains Nonbinding Recommendations

Draft - Not for Implementation

In a First, Test of DNA
Finds Root of Illness

. Infectious Disease Next Generation
. Sequencing Based Diagnostic Devices:
s Microbial Identification and Detection

s of Antimicrobial Resistance and
5 Virulence Markers

7 Draft Guidance for Industry and
s Food and Drug Administration Staff

9

10 DRAFT GUIDANCE

11

12 This draft guidance document is being distributed for comment purposes

13 only.

14

15 Document issued on: May 13, 2016

16
Joshua Osborn outside his home in Cottage Grove, Wis., with his father, Clark Osborn. Joshua suffered 17 You should submit comments and suggestions regarding this draft document within 90 days of
from swelling in the brain, but tests, a spinal tap and a biopsy were inconclusive. John Maniaci 18  publication in the Federal Register of the notice announcing the availability of the draft guidance.

19  Submit electronic comments to http://www _regulations.gov. Submit written comments to the

20 Division of Dockets Management (HFA-305), Food and Drug Administration, 5630 Fishers Lane,
21 mm. 1061, Rockville, MD 20852. Identify all comments with the docket number listed in the

22 notice of availability that publishes in the Federal Register.
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Finding Real World Data

% NCBI  Resources (¥ How To ¥
SRA SRA * | copper mine illumina metagenomics soil | w
Create alert  Advanced Help
Access Summary = 20 per page - Sendioc=  Filters: Manage Fliters
Publhe (22}
Source View results as an expanded interactive table using the Ry . Send results to Run selector Find related data =
DNA (22) Database: Select v
T
we Search results
genome (1)
Items: 1 to 20 of 22 Page |1 |of2
Cis .
Search details -
icrobial diversity of w in Dexi . Sample 2#0G03 : . )
* R copper[All Fields] AND mine[All Fields]

1. 1 ILLUMINA (Ilumina MiSeq) run 39 304 sppts 11 AM hases & ih I
Accession. SRX1 7

microbial diversity of waste areas in D

2. 1 ILLUMINA (INumina MiSeq) run: 43643 sp BioProject BioProject M @
Accossion: SRX1615816 Advanced  Browse by Project attributes =
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microbial divarsity of waste areas in Dl SR 2en
3. 1ILLUMINA (Ilumina MiSeq) un 35 655 sp|  opiay Seffings: = s Related inf i
5 elated information =

Accession. SRX1615

Copper Stressed Treatment and Controls Accession: PRIEB24787  ID: 436543 gjosample

. ial di ity of w inD
4 1 ILLUMINA {Ilumina MiSeq) run: 27 185 sp
Accession. SRX1615814

Comparison of copper contaminated soils, with similar uncontaminated controls. SRA

Two sites of long-term copper polluted sail were sampled, along with nearby uncontaminated contrals. More...

Recent activity

microbial diversity of waste areas in D )
£ 4 001 SIAMIMIA Mismsinn AC AR rim 3E AN 2] Accession  PRJEB24797 TunOf Clear
Scope Monoisalate B Copper Stressed Treatment and Controls
H H Submission Reglstration date: 1-Mar-2018
www.ncbi.nlm.nih.gov/sra AR oF T B e
Project Data: Q, ERR2282012 (1)
Number PSS 7
copper mine illumina metagsnomics soll (22)
Resource Name of Links Q, coppe v { 2)
EQUENCE .
- Q, copper llumina metagenomics soll (63)
SRA Experiments 14
OTHER DATASETS
BioSample 14 Sea more.

= SRA Data Details

Parameter Value
Data volume, Gbases 15
Data volume, Mbvtes an
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Acid Mine Drainage
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Methods

B. anthracis

B. cereus Pathogenic

B. thuringiensis

B. weihenstephanensis
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Scrabble Analogy: One Possibility

CCCCCCC



Scrabble Analogy:
Thousands of Possibilities!
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Taxonomic Classification
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Visualizing Taxonomies
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Sideroxydans lithotrophicus

& NCBI Resources ¥) How To ¥

Publﬁ]ed.gm» PubMed

v |Sideroxydans lithotrophicus arsenic

US National Library of Medicine
National Institutes of Health

Create alert Advanced
Article types
Clinical Trial
Review
Customize ...

Search results

Items: 0

Text availability
Abstract

Free full text
Full text

0 No documents match your search terms

Limited publications are
available for this species,

especially with the words
“arsenic” or “copper”

Sideroxydans lithotrophicus copper
Create RSS Create alert Advanced

Send to -

While this may not
have been an obvious
species ahead of time,

+ Author information

Abstract

it was successfully
identified with an
unbiased sequencing
approach

13 KEYWORDS: Denitrification; Groundwater; nirk; nirS

Iicrob Ecol, 2017 Aug.74(2):264-277. doi: 10.1007/500248-017-0950-x. Epub 2017 Feb 18,

Attached and Suspended Denitrifier Communities in Pristine Limestone Aquifers Harbor High
Fractions of Potential Autotrophs Oxidizing Reduced Iron and Sulfur Compounds.

Herrmann M2, Opitz 52, Harzer R®, Totsche KU, Kilsel K35,

Oxygen and nitrate availability as well as the presence of suitable organic or inorganic electron donors are strong drivers of denitrification;
however, the factors influencing denitrifier abundance and community compaosition in pristine aquifers are not well understood. We explored
the denitrifier community structure of suspended and attached groundwater microorganisms in two superimposed limestone aquifer
assemblages with contrasting oxygen regime in the Hainich Critical Zone Exploratory (Germany). Attached communities were retrieved from
freshly crushed parent rock material which had been exposed for colonization in two groundwater wells (12.7 and 48 m depth). Quantitative
PCR and amplicon pyrosequencing of nirk and nirS genes encoding copper-containing or cylochrome cd1 heme-type nitrile reduclase,
respectively, and of bacterial 165 ribosomal RNA genes showed a numerical predominance of nirS-type denitrifiers in both attached and
suspended groundwater communities and a dominance of nirS-type denitrifiers closely related to the autotrophic thiosulfate- and hydrogen-
oxidizing Sulfuritalea hydrogenivorans and the iron- and sulfide-oxidizing Sideroxydans lithotrophicus ES-1. Potential rates of nitrate
reduction in association with exposed crushed rock material were higher with an inorganic elactron donor (thiosulfate) compared to an
organic electron donor (fumarate/acetate) in the upper aquifer assemblage bul similar in the lower, oxic aguifer. Our resulls have clearly
demonstrated that groundwater from pristine limestone aquifers harbors diverse denitrifier communities which appear to selectively attach to
rack surfaces and harbor a high potential for nitrate reduction. Our findings suggest that the availability of suitable inorganic versus organic
electron donors rather than oxygen availability shapes denitrifier communities and their potential activity in these limestone aquifers.
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Sideroxydans lithotrophicus

Organism Overview ID: 1862
Sideroxydans lithotrophicus

Sideroxydans lithotrophicus overview

Lineage: Bacteria[24883]; Proteobacteria[7898]; Betaproteobacteria[1124]; Nitrosomonadales[141]; Gallionellaceae[26]; Sideroxydans[2]; Sideroxydans
lithotrophicus[1]

Sideroxydans lithotrophicus. Sideroxydans lithotrophicus is an iron-oxidizing freshwater bacterium that has been isolated from iron contaminated
groundwater.

gene 978988. . 980019
/locus_tag="Slit_@997"
DS 978988. .980019
/locus_tag="slit_e997"
/inference="protein motif:TFAM:TIGReO832" ItS reference
/note="KEGG: lch:Lcho_3118 arsenical-resistance protein; genome contains
TIGRFAM: arsenical-resistance protein;

PFAM: Bile acid:sodium symporter" genes inVOIVed in
/codon_start=1 . .
/transl_table=11 arsenic resistance
/product="arsenical-resistance protein"
/protein_id="ADE11235.1"

/db_xref="InterPro:IPRE82657"
/db_xref="InterPro:IPRE247686"
/translation="MSIFERYLTLWVFLCIIIGVVLGQTIPAPFHWLGGLEIAKVNLP
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AAYLPAEQLDSYIAGLVLLAAAPCTAMVFVWSRLVNGEPLFTLSQVALNDTIMVFAFA
PLVALLLGISSIVVPWNTLLVSVVLYIVLPVLLSQVWRRLLLARGEDALQRTLHALGP
ISTAALLLTLVLLFAFQGKAIVEQPLIILMLAVPITIQVYFTSGLAYWLNRRFGEAHC
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Complex Environmental Samples

All Detected Species Species with >1,000 k-mers Species with >5,000 k-mers
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Metagenome Assembly

Sequence Name @HWI-EAS367 0010:3:1:2380:6567#0/1
Sequence TAATTTCCATTCATCATGACAGCCCTCCAGAGGTTAGACAAC

Sequence Info +HWI-EAS367 0010:3:1:2380:6567#0/1
Quality 1n ASCII GGG?GEG@GB?<EBE>C8ESECCEEGGDD>CC89AGD8BBAS8

Sequence Name @HWI-EAS367 0010:3:1:2585:6567#0/1
Sequence ACAGTATTCTGGGGAGGATTAAATTAGATAAACATGCAAGAA

Sequence Info +HWI-EAS367 0010:3:1:2585:6567#0/1
Quality 1n ASCII EGGGGGGGFECG+CDADDGD4BABOD<G+G?/?; 7E ,8CAGG

Consensus Sequence (Contig)

—> > < >
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1 >
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Functional Inference

COGs

GENEONTOLOGY

Unifying Biology

Phylogenetic classification of proteins encoded in complete genomes

reviewed:yes

BLAST Align Retrieve/ID mapping Peptide search

UniProtKB results

UniProtKB consists of two sections:

in Reviewed (Swiss-Prot) - Manually annotated
Records with information extracted from literature and curator-evaluated computational analysis.

Unreviewed (TrEMBL) - Computationally analyzed

Records that await full manual annotation.

Filter by

. Download

[J QOATK2 ACCD_MARMM

N

l‘ Acetyl-coenzyme A carboxylase

Popular organisms
Human (20,431)

Mouse (17,019)

A. thaliana (15,868) 0O P62260

Rat (8,068)

O 040976

O Qsap24

O POCK20

1A _CMVNT
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1433E_RAT
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n

v
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F Columns

carbo...

Replication protein l1a

4-coumarate--CoA ligase-like 6

14-3-3 protein epsilon

Protein A2.5

APPLICATIONS NOTE " &% vt

Genome analysis

Advarce Acoess publication March 18, 2014

Prokka: rapid prokaryotic genome annotation

Torsten Seemann'~?

"Wictorian Bioinformatics Consonium, Monash University, Clayton 3800 and “Life Sciences Computation Cantre,
Victorian Life Sciences Computation Initiative, Carfton 3053, Austraka

Associatn Edtor Afonso Valoncia
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ABSTRACT
Summary: The muktip ity ard high yeeid of [+

BOGUENCINg instrumints has mace baoteril whols genome seguen-
cing a foutin aftak. The subsequint de nNovo assemibly of reads into
contigs has been well addnessed. The finsl step of snnotating ull ree-
vant gencmic features on those contigs can be achieved siowly using
axdsting web- and emall-based systems, but these are not applicable
for sensitive data or infegrating info computational pipelines. Hore wo
introduce Prokla, a command e software ool to fully annotate o
dnaft becteral genomie in about 10 min on

2 DESCRIFTION

21 Input

Prokka expets preassembled genomic DNA scquences in
FASTA format. Finished sequences without gaps are the ideal
input, but it is expected that the typlcal input will be a set of
saflold segucnocs produced by ok movo assembly software, This
sequersce file s the only mandators parameter o e soltware,

23 A

It produces standards-complant output Sles for further anafysis or

viwing In genome browsars.
and Prokka Is In Pl and

s frosdy avallabis under an opon source GPLVE keanss from hitpay

ichiginformatios. com/.

Contact: torsten sasmann@monash adu

Rocebvtd on Movember 10, 2013 revsed on Fobrary 6, 2004;
accepbed on March 13, 2014

1 INTRODUCTION

Genome annotation is the process of identifying and labeling all
the relevant featieres on o genome sequence | Richandaon and
Walson, 20120 Al minimum, this should include coordinaics
of predicied coding regions and their putative produsts, but it
is .kumhl: to go beyond this to non-coding RNAs. signal pep-

Prokka rebies oo cxternal feature prodiction toob Lo identily he
coordinales of genomic features willan contigs. These looh arc
listed in Table 1. and all of them, except for Prodigal, provide
ceordinates und appropriate labels 1o describe the feature.

Proteins coding genes are nnnotsted in two stages. Prodignl
identifies the coordinates of candidate genes, but does not de-
scribe the putative gene product. The iaditional way o predict
what a gene codes for is to compare it with a large datahase of
Kknown sequences, usually ot a protein sequence fevel, and trans
fer the annatation of the beut significant match,

Prokks uses this method, but in o hierarchecal manver, start.
ing with o smaller trustworthy database, moving 1o medium.
sivedd bat domainespecific dabases, and finally 1o curmted
models of protein familics. By default, un evalue thrshold of
107" 15 used with the following serses of mcludod databases;

(1) An optional user-provided set of annotated progeins. These
are expected to e trustworthy curated datasets and will he

signature.
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“Arsenic” in Predicted Gene Products

Site B
35 Arsenate reductase 7 0
Arsenical-resistance protein Acr3 6 0
30 Protein ArsC 4 0
Arsenical pump-driving ATPase 3 0
25 Arsenical resistance operon trans-
. 3 0
acting repressor ArsD
20 Arsenite methyltransferase 3 0
Arsenic resistance transcriptional
2 0
15 regulator ArsR1
Arsenite oxidase subunit AioA 1 0
Arsenite oxidase subunit AioB 1 0
10 Arsenical pump membrane 0 0
protein
5 Glutaredoxin arsenate reductase 0 0
NADPH-dependent FMN 0 1
0 — reductase ArsH
Site A-1 Site A-2 Site B
M Cases H Controls Q
. signature
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. 1]
“Copper” in Predicted Gene Products

18
Site B

16
Copper-exporting P-type ATPase

14 Copper resistance protein A
Copper-exporting P-type ATPase B
12 . :
Copper resistance protein B
10 Copper-transporting P-type ATPase
Copper chaperone CopZ
Multicopper oxidase MmcO
Multicopper oxidase mco
Copper-sensing transcriptional
repressor CsoR
Copper-containing nitrite reductase 0 0
Copper homeostasis protein CutC 0 0
- Copper resistance protein C 0 0

Site A-1 Site A-2 Site B

B Cases H Controls Q

O P P N N W W H
O O O O O O O =

o N A O ©®
o
o
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. 1]
“Copper” in Predicted Gene Products

Y

Site A-1 Site A2 18

Copper homeostasis protein CutC 3 3 1 2 16
Multicopper oxidase MmcO 2 0 0 1 14
Copper chaperone CopZ 2 0 0 O 12
Copper-transporting P-type ATPase 2 0 1 2 10
Multicopper oxidase mco 2 1 0 1 8
Copper-sensing transcriptional 1 0 3 0 6
repressor CsoR

4
Copper resistance protein C 1 0 1 0
Copper-exporting P-type ATPase B 1 0 3 3 2

0 ]
Copper resistance protein B 0 1 0 0
Copper-containing nitrite reductase 0 1 0 0 Site A-1 Site A-2 Site B
Copper resistance protein A 0 0 0 0 B Cases H Controls
Copper-exporting P-type ATPase 0 1 0 0
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Hypothetical Proteins
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