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Community genomic (metagenomic) 
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Community metabolism

Ecosystem functions

Community composition

and interactions



Station ALOHA - North PacificStation ALOHA - North Pacific  

Subtropical GyreSubtropical Gyre

http://kela.soest.hawaii.edu/ALOHA/hawaiianislands.html

Station ALOHA

Hawaii Ocean Time-series (HOT) program begun in October 1988

• monthly cruises to measure hydrography, chemistry and

biology of the water column
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Variation in COGs vs. depth

DeLong et al., Science 2006



MeasuringMeasuring  gene expression in stratifiedgene expression in stratified

marine microbial communitiesmarine microbial communities

Gene content

Metabolic potential

Genetic variation

Gene expression

Expression dynamics

Regulation



Metatranscriptomic Metatranscriptomic ApproachApproach

HOT179

Coupled cDNA and DNA samples are necessary for

generating a normalizing expression signal



RNA amplificationRNA amplification

Major challenges:

1) very short mRNA

half life

2) low extraction

yields

3) ribosomal RNAs

4) bacterial and

archaeal mRNA is

not polyadenylated

Modified method developed by Jorge

Frias-Lopez and Yanmei Shi



Pyrosequencing - 454 GS20 and FLX

Genome Sequencer GS20

~ 40 million bases

~ >100bp

~ 400,000 reads

Genome Sequencer FLX

~ 100 million bases

~ >200bp

~ 400,000 reads

OLD:

NEW:



Pyrosequencing - Library construction

cDNA

Images courtesy of Roche (Technical presentation)



Pyrosequencing - emPCR



Pyrosequencing - sequencing



Pyrosequencing - imagine processing

TCAG



HOT179 - 75m

DNA and cDNA sample statistics

• Smaller than expected number of cDNA reads

- inefficient removal of polyA tails

- short cDNA fragments

• rRNA bearing reads constitutes ~50% of the cDNA

library



HOT179 75m DNA and cDNA versus NCBI NR

database



HOT179 - 75m DNA and cDNA sample stats

Significantly more hits to the GOS peptides for both DNA and cDNA reads

- increase is greater for the cDNA library

Large number of unknown cDNA reads

- possible presence of novel, rare genes that contribute to microbial

expression profile and not detected in previous metagenomic surveys

- regulatory RNAs?



Station ALOHA - HOT179 - 75 mStation ALOHA - HOT179 - 75 m

Metatranscriptomic Metatranscriptomic analysisanalysis

Frias-Lopez and Shi et al, in review



Station ALOHA - HOT179 - 75 mStation ALOHA - HOT179 - 75 m

Metatranscriptomic Metatranscriptomic analysisanalysis

Frias-Lopez and Shi et al, in review



CommunityCommunity  GeneGene  ExpressionExpression

Station ALOHA H179 - 75 mStation ALOHA H179 - 75 m
Cluster based expression ratio = 

number of cDNA reads mapped to each GOS protein cluster

number of DNA reads mapped to each GOS protein cluster

Frias-Lopez and Shi et al, in review



Back to the Environment

qRT-PCR/qPCR ratios

Jorge Frias-Lopez



Prochlorococcus gene and transcript abundance using strain MIT9301 as a reference genome

Gene expression in Gene expression in ProchlorococcusProchlorococcus

Station ALOHA - H179 - 75mStation ALOHA - H179 - 75m

~ 90% of the putative Prochlorococcus

reads mapped to MIT9301, AS9601 and

MIT9312 - all high light species.

Highly expressed genes involved

ammonium uptake (amtB), carbon fixation

(rbcL) and photosynthesis (psaA,B).

DNA - all ‘core’ genes expression at

relatively even abundance, ‘flexible’ genes

variable.

cDNA - some ‘flexible’ genes highly

expressed.



HOT179 depth profile - cDNA and DNA read

statistics
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RNA-binding region RNP-1
light-harvesting complex protein

 ribulose bisphosphate carboxylase [Prochlorococcus marinus str. MIT 9312]
proteorhodopsin

ribulose 1,5-bisphosphate carboxylase/oxygenase large subunit
methionine sulfoxide reductase A

cytochrome b559 alpha-subunit
ammonia monooxygenase subunit A [Cenarchaeum symbiosum]

ribulose bisophosphate carboxylase [Synechococcus sp. RS9916]

ribosomal protein L20

light-harvesting complex protein

 putative oxidoreductase
elongation factor Tu

predicted proteorhodopsin [uncultured bacterium]

photosystem II manganese-stabilizing protein

photosystem I PsaL protein (subunit XI)

photosystem I psaA

possible Photosystem II reaction center Z protein PsbZ

chlorophyll a/b binding light harvesting protein PcbC

photosystem I PsaL protein (subunit XI)

photosystem I PsaA protein

photosynthetic II protein PsbC 

photosystem I protein PsaD

photosystem II PsbB protein
TRAP dicarboxylate transporter

HOT179 125m highly expressed genes - based on 

NCBI gi number (hypotheticals removed)
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ammonia monooxygenase subunit C [Cenarchaeum symbiosum]

putative archaeal ammonia monooxygenase subunit C [Candidatus Nitrosopumilus maritimus]

ammonia permease [Cenarchaeum symbiosum]

putative ammonia monooxygenase subunit a [uncultured marine crenarchaeote]

spermidine/putrescine-binding periplasmic protein [Candidatus Pelagibacter ubique HTCC1002]

putative ammonia monooxygenase subunit a [uncultured marine crenarchaeote]

resolvase [Nitrobacter sp. Nb-311A]

D-lactate dehydrogenase [Alteromonas macleodii 'Deep ecotype']

ribosomal protein L39 [Cenarchaeum symbiosum]

oxidoreductase, 2-nitropropane dioxygenase family [uncultured bacterium 311]

archaeal DNA-binding protein [Cenarchaeum symbiosum]

strongly similar to nitrate reductase (NarH) [Candidatus Kuenenia stuttgartiensis]

small nuclear ribonucleoprotein [Cenarchaeum symbiosum] 

Actin-like ATPase involved in cell morphogenesis [Magnetospirillum magneticum AMB-1]

aldehyde dehydrogenase [Flavobacteria bacterium BBFL7]

long-chain fatty-acid-CoA ligase [Mariprofundus ferrooxydans PV-1] 

ribosomal protein S30E [Cenarchaeum symbiosum]

Pyrrolo-quinoline quinone [Ralstonia eutropha JMP134]

DNA-directed RNA polymerase, beta subunit [Chlorobium ferrooxidans DSM 13031] 

NAD-dependent epimerase/dehydratase [Desulfovibrio vulgaris subsp. vulgaris DP4]

glutamate-1-semialdehyde-2,1-aminomutase [Chloroflexus aggregans DSM 9485]

peptide ABC transporter, ATP-binding protein [Dehalococcoides sp. CBDB1]

OmpA family protein [Candidatus Pelagibacter ubique HTCC1002]

T4-like head completion protein [Cyanophage P-SSM2]

ring hydroxylating dioxygenase alpha subunit [Sphingopyxis macrogoltabida]

HOT179 500m highly expressed genes - based on 

NCBI gi number (hypotheticals removed)
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Taxonomic profile - DNA vs cDNA



Taxonomic affiliation

of PRs (%)

Proteorhodopsin expression through

the depth profile
PR-coding reads relative to size

of the library (%)







Pelagibacter HTCC7211 Coverage and Gene

Expression



Cenarchaeum symbiosum coverage

- depth profile



Cenarchaeum symbiosum Cenarchaeum symbiosum cDNA/DNA cDNA/DNA ratioratio

Station ALOHA - H179 - 500mStation ALOHA - H179 - 500m









Possible small non-coding RNA in

Pelagibacter?



Detecting small non-coding RNA

in the environment

Detected a large number

of cDNA reads mapped to 

intergenic regions on 

environmental sequences 

Transcriptional Terminator: Size=36 nt.

!G=-13.90 kcal/mol

Antiterminator: Size=61 nt.

!G=-16.90 kcal/mol

Anti-antiterminator:   Size=45 nt.

 !G=-13.90 kcal/mol



O m 80 m

750 m

COMPARATIVE COMMUNITY GENOMICS

O m 80 m

750 m



OMZ metagenomic and metatranscriptomic libraries
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Samples collected by:

Osvaldo Ulloa

Ann Thompson (Chisholm Lab)

20m

45m

60m

250m

• fosmid library (40,000

clones/per depth, archive

~1.6Gb)

• 454 FLX DNA (1/4

chip/per depth)

• 454 FLX cDNA (in

progress)

De Pol & Ulloa, Zonas de minimo oxígeno (2006) 







Conclusions

• Metatranscriptomic analysis of marine microbial assemblages

reveals discernible patterns of gene expression

• Gene discovery

– ecological importance of hypothetical proteins in the environment

• New era in experimental microbial ecology

– microbial assemblage dynamics

– perturbation experiments

• Comparative genomic and transcriptomic analyses from spatially and

geochemical distinct marine environments

 



Experimental community transcriptomics

Jay McCarren, Yanmei Shi and Rex Malstrom 



Shift in community composition following

27hrs incubation
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transcriptomics


