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Why ‘omics’ ?
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Falling fast

In the first few years after the end of the Human Genome Project, the cost of
genome sequencing roughly followed Moore's law, which predicts exponential
declines in computing costs. After 2007, sequencing costs dropped precipitously.

Cost of
genome
sequencing.

Moore's law for

computing costs,

The price of

sequencing a

le human
genome hovers
around $5,000
and is expected to

rop even iower

2002 2003 2004

2005 2006 2007 2008 2009 2010 2011 2012 2013



Possibilities for Microbial Ecology
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Environmental Genome Shotgun Sequencing of
the Sargasso Sea ‘ Liing ce

J. Craig Venter!", Karin Remington?, John F. Heidelberg3, Aaron L. Halpern?, Doug Rusch?, Jonathan A. Eisen?3, Do...
+ See all authors and affiliations
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* ‘Whole-genome shotgun sequencing’

. . . ‘2.‘
Total of 1.045 billion base pairs of nonredundant RERDATE e,
sequences was generated, annotated and analyzed _ Agam};
to elucidate the gene content, diversity, and relative °
abundance of organisms within these environmental samples. i Ocon |
2 ; ';:M "':"23 22

Identifying over 1.2 million previously unknown genes




‘Omics’ - Levels

Metagenome Metatranscriptome Metaproteome

\

Who? What? How?
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Kerguelen and ‘omics’
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KEOPS2 Project Data published in Landa et al. Shifts in bacterial community composition
associated with increased carbon cycling in a mosaic of phytoplankton blooms. The ISME Journal (2016) 10, 39-50



Thesis Outline S@
CLIM

* Southern Ocean HNLC area — major nutrients present in high
concentrations but phytoplankton biomass remains low

* Biological pump of carbon not effective due to limitation of Fe
* How does Fe affect heterotrophic microbial metabolism?

 Study the physiological strategies of heterotrophic microorganisms as
an adaptation to low carbon and iron availability

- Gene expression patterns in different nutrient regimes in the
Southern Ocean



Latitude (° N)

-20

-30

-40

-50

60 —

55

60

65 70
Longitude (° E)

75

80

S
CLM

Sampled stations

* Metagenom - A3

* Metatranscriptomes - A3, Kerfix
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Trans-Omics Approach SOCLIM & MOBYDICK

From early spring (SOCLIM) and summer

(MOBYDICK)

2 Stations : A3 (naturally fertilized) and <5 44707 | &l o
KERFIX (HNLC) Ay g AT AN e L
- Metagenome of A3 L= & M b
- Metatranscriptomes A3 & KERFIX i S |2
- Metaproteomes A3 & KERFIX ——

DNA - RNA = Protein
—> Surface waters of the Southern Ocean

around Kerguelen

Yugi et al. 2016, Trends in Biotechnology



Metaproteomics



Proteomics Workflow 7™ .
[EL] - [AN]:
e Q6]
1. Protein extraction from filter with LN [%”ﬁ}] [KGl; :
2. Protein clean-up and fractionation different sizes KN] | en  VARE LENBART
3. Protein digestion with Trypsin LENN LENN RT
4. Peptide extraction and desalting ART :
. T I
5. Measurement of peptides ! LE : |
6. MS Spectra I! | 1 | ! R
7. Protein identification “miz

Peptides distinguished by proteins on the basis of size, / =X MYafZ X FYeFe X FYi 2 \
And as an arbitrary contain approx. 50 or fewer AA

NH,==C=+CO=rN=-rC -=COrN=-+~C =+~CO=t~N =t~ C —COOH

There are several other ion types that can be annotated, as well as
‘internal fragments’. The latter are fragments that no longer contain an intact
terminus. These are harder to use for ‘ladder sequencing’, but can still be interpreted.




Protein expression in microbial communities

and their in situ physiological states

The ISME Journal (2009) 3, 93-105
© 2009 Ilemational Society for Mioobal Eoolgy  All fights msened 1751-7362/09 $32.00
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ORIGINAL ARTICLE

Transport functions dominate the SAR11
metaproteome at low-nutrient extremes
in the Sargasso Sea

Sarah M Sowell’, Lana] Wilhelm? Angela D Norbeck®, Mary S Lipton®, Carrie D Nicora®,
Douglas F Barofs aig A Carlson®, Richard D Smith* and Stephen ] Giovanonni*
'Molecular and G?Ilular Blology Program, Oregon State University, Corvallis, OR, USA; * Department

of Microbiology, Oregon State University, Corvallis, OR, USA; *Pacific Northwest National Laboratory, Richland,
WA, USA; *Department of Chemistry, Oregon State University, Corvallis, OR, USA and *Department of
Ecology, Evolution and Marine Biology, University of California, Santa Barbara, CA, USA
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Sargam Sea protein sampl ‘and their distribution bemeen!he
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Sa&m Sea eCDS database (! asso Sea eCDS
shmk eCDS dml’nse Pm(S‘:llgmrncrus eCDS
database + Synech «CDS )) determined using
BLASTP with a rﬂ]uh?men of 100% identity over the length of
the query peptide. eCDS, environmental protein-coding sequence.
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—> Shared Proteins mostly associated with cellular transport functions
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- Only one shared sequence: Amino Acid transport
system substrate binding protein of SAR324 cluster
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—2>Transport proteins dominate all Metaproteomes

—>Many SAR11 Transporters such as periplasmic substrate-binding
proteins for phosphate, amino acids, sugars and spermidine highly
abundant

- Supporting the view of extreme competition for multiple nutrients

—>Several outer membrane receptor proteins, mostly for Fe transport
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Combining datasets

DNA vs RNA for SAR11

Proteins
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—SAR11 & SUPO5 at least 50% presence in Metaproteomes (TNS06)
even up to 80% relative abundance (SI)

- Metagenomic and Metatranscriptomic data needed to interpret
results for taxonomy

- Absence of SUPO5 and Gammaproteobacteria abundance highlights
importance on proteomics analysis for functional description of an
ecosysteme



Thank you for your attention |




