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Why use meta-omics tools to identify biomarkers?

 The "menu” of available molecular assays is limited
* For some contaminant(s)-redox conditions, none are
available
* For some, available assays can be highly inaccurate

* Avallable biomarker assays frequently based on

pure cultures
« Development time consuming
« Assays more likely to be inaccurate

« Approaches needed that can be directly applied to
fleld-relevant mixed microbial communities
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Tracking contaminant removal with biomarkers

Molecular monitoring of

bioremediation markers
 Distinguishes between R
biotic and abiotic — volatilization

* In situ tracking @
« Phylogeny (specific S
organisms) | biodegradation qlis;olution
 Function or process =
« Quantitate gene presence @i |
- Directly predict activity S
« RT-gPCR
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Molecular tools for biomarker assays

Biomarker assay targeting functional genes
* Anaerobic biodegradation of toluene
 Initiated by fumarate addition by benzylsuccinate synthase
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Leuthner B, Heider J. 2000. Anaerobic toluene catabolism of Thauera aromatica: the bbs operon codes
for enzymes of beta oxidation of the intermediate benzylsuccinate. Journal of Bacteriology 182:272-277.
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gPCR assays targeting bssA

Primer  Amplicon size

Reference name (bp) bssA Target lineage
Beller et al. BellerF
: 1 Denitrifving B :
2002 BellerR 30 enitrifying Betaproteobacteria
Beller et al. SRBf
’ Ifate- ing Del '
2008 SRBr 100 Sulfate-reducing Deltaproteobacteria
Staats et al., bssA3f 500 Denitrifying and iron-reducing
2011 bssAr Betaproteobacteria

Fowler et al., MbssA1F

2014 MbsSALR 223 Clostridia
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(RT-g)PCR accuracy depends on primer design
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Synthetic Microbial Communities
Known number of copies to calculate amplification accuracy

Ledeker BM, De Long SK. 2013. The effect of multiple primer-template mismatches on quantitative PCR accuracy and
development of a multi-primer set assay for accurate quantification of pcrA gene sequence variants. Journal of Microbiological
Methods 94:224-231.
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(RT-g)PCR accuracy depends on primer design
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Synthetic Microbial Communities
Known number of copies to calculate amplification accuracy

Ledeker BM, De Long SK. 2013. The effect of multiple primer-template mismatches on quantitative PCR accuracy and
development of a multi-primer set assay for accurate quantification of pcrA gene sequence variants. Journal of Microbiological
Methods 94:224-231.
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(RT-g)PCR accuracy depends on primer design

Non-detects may be

misleading i
H

A B C D E F G
Synthetic Microbial Communities
Known number of copies to calculate amplification accuracy

Quantification Accuracy (%)

Ledeker BM, De Long SK. 2013. The effect of multiple primer-template mismatches on quantitative PCR accuracy and
development of a multi-primer set assay for accurate quantification of pcrA gene sequence variants. Journal of Microbiological
Methods 94:224-231.
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De novo strategy for designing primers

Non-degrading
conditions

Degrading
conditions

Extract

nucleic acids

Extract

nucleic acids

sssss

aaaaa

Next-generation B i

sequencing Bioinformatics
to find new
targets,
sequences

Approach
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De novo strategy for designing primers

sssss
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Random sequencing
requires no previous
sequence information
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De novo strategy for designing primers: Metagenomics

] (GCT) [ATGCA)
) TAGTTA [GEGE
] . [ITACA] B8EN scarchusing [TAGHIA
Fragmentation -—Sequencin _— models _
11 [CGGTATA|[CGAC]
' §_’$ il .
1l Y 28
Collective Genome Sequenced Fragments
genomes fragments genome encoding target
(metagenomes) fragments enzymes

http://vww.cebitec.uni-bielefeld.de/clib-gc/index.php/alumni/20-martha-zakrzewski
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De novo strategy for designing primers: Metagenomics

(GCT| (ATGCAl
TAGTTA [GCGA

(TTACA] Searchusing [AGETAl
Sequence with lllumina MiSeq 2x300 |3, SESi Smmmm == ) [EECH

[CGGTATAJ[CGAC] . [CGAC]
* Longer reads : 1k ég
* Better annotation I & e _—
EECoEmEm ¢ ' 20° 4
Collective Genome Sequenced Fragments
genomes fragments genome encoding target
(metagenomes) fragments enzymes

http://wvww.cebitec.uni-bielefeld.de/clib-gc/index.php/alumni/20-martha-zakrzewski
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De novo strategy for designing primers: Metagenomics

OO Expert analysis and evaluation

Fragmentatig .
e (Carefully curate annotation
* Thoughtfully include/exclude
O E sequences of interest
Collective Genome Sequenced Fragments
genomes fragments genome encoding target
(metagenomes) fragments enzymes

http://wvww.cebitec.uni-bielefeld.de/clib-gc/index.php/alumni/20-martha-zakrzewski
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Model system to develop new strategy

Field-derived methanogenic
enrichment culture
(Edwards et al. 1994)

* Degrades toluene and
0-xylene

« Anaerobic biodegradation
of o-xylene hypothesized to
be analogous to toluene

Edwards EA, Grbic-Galic D. 1994. Anaerobic degradation of toluene and o-xylene by
a methanogenic consortium. Applied and Environmental Microbiology 60:313-322.
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Community structure of model system

0 Bacteria
90 - m Other bacterial phyla (<1%)
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% 60 - m Microbacter
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Functional potential of metagenome
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Xenobiotics degradation in metagenome

B Aerobic
Xylene degradation O Anaerobic
. E Both
Toluene degradation @ Unknown
Nitrotoluene degradation -
Naphthalene degradation .
Ethylbenzene degradation
Chloroalkane and chloroalkene degradation
Benzoate degradation _
Aminobenzoate degradation :-
0 5000000 10000000 15000000 20000000 25000000

Reads

Results
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bssA-like genes in metagenome

A
45’%< bss

10438152 (M104, 0.9%)

94

Clostridial bssA homolog
— Clostridial bssA homolog
—Desulfotignum balticum DSM bssA

10d—DesulfobacuIa toluolica bssA

100 AIB50975.1 nmsA uncultured bacterium
—12280592 (M122, 55.0%)

99

104 @ulfotomaculum sp. Ox39 bssA homolog
KJ440074.1 Uncultured bacterium nmsA homolog

L Ton  NMSA

Deltaproteobacteria bacterium bssA homolog

o 10783211 (M107, 0.9%)

79 Desulfotomaculum sp. 46 80 assA
Atribacteria bacterium 34 128 assA

44

10289458 (M102, 7.3%)

—100 masD

100 —== assA
10 Desulfovibrio salexigens

99

Desulfovibrio vulgaris str. Hildenborough
Klebsiella michiganensis

10d—Escherichia coli IAI39
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bssA
(toluene)

nmsA
(napthalene)

assA
(n-alkanes)

pyruvate
formate lyase
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Cultures for studying differential expression
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Sequences compared to previously published bssA primers

Mismatches Mismatches Mismatches Mismatches

Reference Primer against against against against
name M102 M104 M107 M122
(F R) (F R) (F, R) (F, R)

Beller et al., BellerF 7.5 2,2 7, 4 8, 8

2002 BellerR

Beller et al., SRBf

2008 SRBr 4,5 3,3 8, 7 7,5
Staats et al., bssA3f

2011 bssAr 7’ 5 O, 3 7; 6 7, 5

Fowleretal.,  MbssAlF 6, 6 4, 6 7,6 6, 5

2014 MbssA1R
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Sequences compared to previously published bssA primers

Mismatches Mismatches Mismatches Mismatches

Primer against against against against
Reference name M102 M104 M107 M122
(F, R) (F, R) (F, R) (F, R)
Beller et al., BellerF
2002 BellerR
Beller et al. SREf All will be inaccurate for
2008 SREr quantification/detection of the
Staatsetal.  bssA3f sequences from the metagenome!
2011 bssAr
Fowler et al., MbssA1F
2014 vbssatr 01 O 4, 6 7,6 6,5
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Expression of bssA-like genes

5000000
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Expression of bssA-like genes

nmsA-like gene (M122)
transcripts are the most abundant

« 10x more with o-xylene
than with glucose

« 3.5x more with toluene
than with glucose

1000000 -

500000 - i
O .

Glucose O-xylene Toluene

mM104 mM122 mM107 ObssA (SRBf-SRBr)
(bssA) (nmsA) (assA)
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Expression of bssA-like genes

10000000

1000000

100000

10000

1000

Copies per ng RNA

100

10

1
Glucose O-xylene Toluene

mM104 mM122 mM107 ObssA (SRBf-SRBr)
(bssA) (nmsA) (assA)

Colorado State University Results



Expression of bssA-like genes

10000000 -

1000000 -

assA-like gene (M107),

nssA-like gene (M104) are
expressed 3-6x more with
toluene than with o-xylene

Glucose O-xylene Toluene

mM104 mM122 mM107 ObssA (SRBf-SRBr)
(bssA) (nmsA) (assA)
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Expression of bssA-like genes

10000000
1000000

100000 .
NMSA (M122) is 4 orders of

10000 § magnitude more abundant than

bssA detected with any
previously published primers
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Metatranscriptomics — differential expression
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|dentify differentially expressed genes - biomarkers

monrtoring
o Monitering Progress

Analysis is currently under way B o

at the End of a Trin

* Output of Trinity Asse

to determine differentially | . e

Transcripts
@ RNA-Seq Read

. ntation
expresse enes In o-xylene
Required: & Examine strand-specificity
of reads
--seqType <string> itype of reads: ( fa, or fg ) ream Analy:
r Transcript Quantification
I I --max_memory <string> :suggested max memory to use by Trinity uhere limiting can be O Samples and
o QC Samples and Bio
provided in Gb of RAM, ie. '--max_memory 106"

Replicates
Differential Expr:

paired reads:
--left <string>  :left reads, one or more file names (separated by commas, not s

--right cstring>  :right reads, one or more file names (separated by commas, not t Identification

if unpaired reads:
--single ¢string>  :single reads, one or mare file names, comma-delimited (note, if
functional category
enricl nts
--samples_file <string> tab-delinited text file indicating biological replic o Trinity Tidbits
 Frequently Asked Questions

cond A cond_A_repl  A_repl_left.fq  A_repl o

cond A cond_A_rep2  A_rep2 left.fqg A rep2
cond B cond B repl B repl left.fqg B repl
cond B cond_B_rep2  B_rep2_left.fqg  B_rep2. Clone this wiki locally

# if single-end instead of paired-end, then leave the 4th column abc https://github.com/trinityr

¥ Clone in Desktop

MisC:  sEEmsmsmssssssS AR

--ss_lib_type <string> :Strand-specific RNA-Seq read orientation.
if paired: RF or FR
if single: F or R.  (dUTP method = RF)
See web documentation.

Grabherr MG, et al. Full-length transcriptome assembly from RNA-
seq data without a reference genome. Nat Biotechnol. 2011 May
15;29(7):644-52. doi: 10.1038/nbt.1883. PubMed PMID: 21572440.
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Use of meta-omics for biomarker assay development

* Metagenomics allows improved,
hypothesis-driven biomarker assay
development

* Metatranscriptomics allows r
hypothesis-independent biomarker |juinsestbebestast
discovery :

« Meta-omics can be applied to mixed
microbial communities, including field
sites

* New assays, biomarkers are
field-relevant

* |In preparation: Rossmassler, K, Snow, C, De Long, S.K, 2017
“Metagenomic-enabled Biomarker Identification: Biodegradation of
o-xylene by a Methanogenic Consortium”
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