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Species Identification, Biodiversity
& Biological Oceanography
Solution ?

http:/Avww.soest.hawaii.edu/oceanography/courses/OCN621/Spring2009/introduction_ lecture.pdf
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INSIGHT

Microbial oceanography in
a sea of opportunity

Chris Bowler?, David M. Karl® & Rita R. Colwell*

Plankton use solar energy to drive the nutrient cycles that make the planet habitable for larger organisms.
We can now explore the diversity and functions of plankton using genomics, revealing the gene repertoires
associated with survival in the oceans. Such studies will help us to appreciate the sensitivity of ocean systems
and of the ocean's response to climate change, improving the predictive power of climate models.

Bowler et al. (2009)



Where’s Waldo?!

Merphollegicall Approach?

http://www.flickr.com/photos/82519984@N00/158630569



Metagenomics

Molecular Biological Methods

e ....This relatively new field of genetic research
enables studies of organisms that are not
easily cultured in a laboratory as well as
studies of organisms in their natural
environment....

e .. The power of genomic analysis (the analysis
of all the DNA In an organism) is applied to
entire communities of microbes, bypassing the
need to isolate and culture individual microbial
species
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“whole-genome shotgun sequencing”

Environmental Genome Shotgun Sequencing of the Sargasso Sea

¢ Prev | Table of Contents | Next »

1800 genomic species
based on sequence relatedness, including
148 previously unknown bacterial phylotypes
over 1.2 million previously unknown genes

AB5STRACT

We have applied “whole-genome shotgun sequencing® to microbial populations collected en masse on
tangential flow and impact filters from seawater samples collected from the Sargasso Sea near Bermuda. A
total of 1.045 billion base pairs of nonredundant sequence was generated, annotated, and analyzed to
elucidate the gene content, diversity, and relative abundance of the organisms within these environmental
samples. These data are estimated to derive from at least 1800 genomic species based on sequence
relatedness, including 148 previously unknown bacterial phylotypes. We have identified over 1.2 million
previously unknown genes represented in these samples, including more than 782 new rhodopsin-like

photoreceptors. Variation in species present and stoichiometry suggests substantial oceanic microbial
diversity.



The New Science of Metagenomics:

Revealing the Secrets of Our Microbial Planet
(2007)



Diana Gitig, BioTechniques, Vol. 48, No. 5, 2010, pp. 361-365



http://metagenomics.anl.gov/






Molecular Analyses
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250 ml seawater - Environmental PCR
i DNA extraction ; ) .
. i Filters from environmental sample 1; Primer pair A & SSU-InR1
Filtering system 2; Primer pairA& B

- |

PCR-RFLP pattern analyses
18S rDNA clone library

Sequence analyses






Analyzed Clone Libraries



Phylotypes diversity

v revealed from environmental samples

v’ Diverse taxonomic lineages were reported by the
metagenomic method

« Freshwater (Nakdong River: SA, MG)

« Estuary (Nakdong River Estuary: JJ, ES)
« Coastal water (NH, NKC2, NKC3, NKC4)
« The Korea Strait (U07)

- East/Japan Sea (E11, E13)

e Chukchi sea (arctic region)

v' total 500+ phylotypes / 1738 clones / 15 clone
libraries



Study Locations in 2010




PCR — RFLP Analysis



<, BLAST
=

Home  Recent Results Saved Strategies

» HCBI BLAST! blastn suite

blastn blastp | blastx | tblasitn | tblastx |

Enter Query Sequence

Enter accession number, gi, or FASTA sequence & Clear

ATATCCTTCGAAGETGTGCCCIATCARCTTTCGACTGTGECATAGRACGCCCACAGTGETTITGRACGS
GTRRCGEEGAATCAGGEITCGATICCGEAGAGEEAGCCTTARRRRCGECTACCACATCTRAGGALGE
CRGCAGGCACGCARRTTACCCARTGACCGRARAGETCGAGGTAGT CACGALALLTARCEATRAGRAGGEACT

GGCITCGECTETACTCAT GETGACTCTGAATARCTTTGEGCTGATCGCATAGCCTTGAGCTGGCGRC A

<

BLASTH programs search nucleotide databases using a nuclec

Query subrange &)

A E—

CATCCGRAGGCCCTICTARTTGERARATGAGTACACTTTARRLCCGTCCCCGAGGATCTATT

Or, upload file | |[ ZE0L.. | @

Job Title |

Enter a descriptive title for your BLAST search &
O] Align two or more sequences &)
¥ Descriptions
Legend for links to other resources: [ unicene 3 ce0 [€ Gene A structure [ Map Viewer Bd PubChem BioAssay
Sequences producing significant alignments:
Accession Description Max Total Query & E Hax
score score Coverage value ident

50855151.1  Uncultured eukaryote clone 11185 § 185 ribosomal RNA gene, partial S66 966 95% 0.0 93%
GU474374.1 Uncultured eukaryote clone NH18S 6 18S ribosomal RNA gene, partiz 966 966 99°% 0.0 99%
AYE65127.1 Uncultured eukaryote clone SCM38C38 18S ribosomal RMA gene, pari 963 963 100% 0.0 99%
50859165.1  Uncultured eukaryote clone 11185 64 185 ribosomal RNA gene, parti: 961 961 99°% 0.0 99%
GU474382.1 Uncultured eukaryote clone NH18S 110 18S ribosomal RMA gene, par 961 961 99°% 0.0 99%
GU474377.1 Uncultured eukaryote clone NH18S 10 185 ribosomal RMA gene, part 961 961 99% 0.0 99%
GU474373.1 Uncultured eukaryote clone NH18S 4 18S ribosomal RNA gene, partiz 961 961 99% 0.0 99%
AYB65126.1 Uncultured eukaryote clone SCM38C9 18S rnibosomal RNA gene, parti 857 957 100% 0.0 99%
GU474375.1 Uncultured eukaryote clone NH18S 7 18S rnibosomal RNA gene, partiz 953 953 99% 0.0 99%
DOe6780%.1  Uncultured eukaryotic picoplankton clone XMABOS 185 ribosomal RNE 546 946 99% 0.0 99%
AY145104.1 Uncultured marine eukaryote isolate JPeuk-27 18S ribosomal RNA ger 842 942 98% 0.0 99%
DOBE7657.1  Uncultured eukaryotic picoplankton clone XMCCE 185 ribosomal RMA 520 920 100% 0.0 97%
D03528458.1 Uncultured eukaryotic picoplankton isolate DGGE gel band X2 185 rib s07 S07 95% 0.0 99%
SUSE5181.1  Paracalanus parvus 185 ribosomal RMNA gene, partial sequence 500 200 92% 0.0 59°%
AYE65124.1 Uncultured eukaryote clone SCM27C27 18S ribosomal RMA gene, pari 898 838 100% 0.0 97%
DO667651.1 | Uncultured eukaryotic picoplankton clone XMCC10 185 ribosomal RML 896 396 100% 0.0 97%
DO667667.1 LIncultured enkarvotic niconlankton clone XMCOF10 185 rihnsnmal RME 894 804 99% 0.0 97%



Taxonomic lineage of phylotypes













Plankton species diversity
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species diversity in environmental seawater using
environmental PCR, PCR-RFLP, and sequencing

Sang-Rae Lee » Jung Hyun Oak « Ik Kyo Chung -
Jin Ae Lee

Recerved: 21 September 2009 /Revised and accepted: 1 February 2010
i Springer SciencetBusiness Media B.V. 2010



Applications

o Species identification

* Biodiversity; How many species Is

 The relationship between species diversity &
the characteristics of water masses

* Bio-indicator species to trace water masses
 Monitoring
« Food web

 Modeling
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NGS (Next Generation Sequencing system)

Tremendous data in short time

~400 MB yield/run

vs Chloroplast genome
(~160 Kkb)

Genome Sequencer FLX system (Roche, 454 Life Sciences)

http://www.454.com/



Labor,
Cost

Time



Miniaturized ecogenomic sensors

Bowler et al. (2009)
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