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 HIERACHY OF MACROMOLECULAR INFORMATION ALSO 
CONTAINS INFORMATION ABOUT ENVIRONMENT & ADAPTATION 

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

Station ALOHA 

Based on Frias-Lopez & Shi et al., PNAS 2008 

METATRANSCRIPTOMIC SURVEYS 
Our initial goal was to develop a 
protocol allowing cDNA prep. From 
low cell numbers & small sample sizes, 
that allows for rapid sampling 

Frias-Lopez and Shi et al, PNAS March 2008 

Reads with homologues in existing peptide databases 

Frias-Lopez and Shi et al, PNAS March 2008 

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, PNAS March 2008 
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Prochlorococcus in the wild (75 m) : 
DNA coverage and gene expression 

DNA  coverage 

Gene expression ratios 

Frias-Lopez and Shi et al, PNAS March 2008 

FIELD (454), 3 am 

LAB (AFFY) 

Comparing diel expression 
patterns :   

Wild Prochlorococus populations  
vs. cultures 

Zinser, Lindell et al. PLoS One. 2009;4(4):e5135. 

, 3 am 
Maureen Colemen,  Penny Chisholm,  
Yanmei Shi, Gene Tyson Ed DeLong	



Expression, diel array expt.!

Expression, 75m 
03:00 @HOT!

Comparing diel expression patterns : lab vs. field 

Maureen Colemen,  
Penny Chisholm et al.,  
Yanmei Shi, Ed DeLong	



Oceanic depth profile- cDNA and DNA reads 
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75m 
25m 

125m 

500m 

temperature 
salinity 
fluorescence 
oxygen 

500m 

Hypotheticals + mis-called protein clusters 

Highly expressed protein clusters with function annotations 

Protein family (GOS cluster) expression profile 

Cluster based expression ratio =  
% of cDNA reads mapped to each GOS protein cluster 
% of DNA reads mapped to each GOS protein cluster 

Transport Photosynthesis Nitrogen metabolism 
Phosphate transport 

Top 14 most abundant protein-encoding ID’d transcript classes 
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Genome-specific ORF expression profile - Pelagibacter Genome-wide expression 
correlation in 500m 
samples taken 6 months 
apart 

Sources of Error in Pyrosequencing 

Template library Beads for Sequencing Emulsion PCR 

Empty beads 

Incomplete Emulsion 
Mixed beads  

(Filtered) Duplicates 

Technical replicates & removal of duplicates 
75m Run 1 - 9% duplicates vs 75m Run 2 - 17% duplicates 

Stewart, Ottesen, and DeLong 

Duplicate cutoff 99% identity, 1bp length difference 

Significantly Different 
References 

With duplicates:  144 / 14,018 
Without duplicates:  30 / 13,950 

Reliability and reproducibility 

rRNA Subtraction for Metatranscriptomics 

DNA Total RNA 

Environmental Sample 
DNA and RNA 

extraction  

Total RNA 

16S and 23S rDNA 

PCR amplification 

Biotin-labeled antisense 
16S and 23S RNA 

in vitro Transcription 

Biotin-labeled double-stranded 16S and 23S rRNA, 
unlabeled single-stranded non-rRNA 

hybridization 

16S and 23S rRNA Non-rRNA RNA 

Bead binding, 
magnetic separation 

Sequencing 
Stewart, Ottesen, and DeLong 

>90% rRNA ! 
      ???  

rRNA Subtraction for Metatranscriptomics 

Sample	


% rRNA	

 Change in non-

rRNA	

Unsubtracted	

 Subtracted	


25m	

 88%	

 52%	

 4x	



75m A	

 82%	

 61%	

 2.2x	


75m B	

 82%	

 55%	

 2.5x	



Stewart, Ottesen, and DeLong 
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25m Unsubtracted 25m rRNA Subtracted

Reads mapped to top hit in NCBI-nr database, e-value cutoff 1x10-05  
References representing  >0.1% of 25m Unsubtracted shown in descending abundance 
P-values <0.05 marked (Audric and Claverie significance test, FDR multiple comparison test) 

Variation in Transcript Abundance 
25m Unsubtracted vs rRNA Subtracted 

48,090 References 
13 Significantly Different 

Stewart, Ottesen, and DeLong 

Stewart, Ottesen, and DeLong, ISME J. 

Table 3.  Dataset (DS) comparisons – non-rRNA sequences mapped to non-

redundant (nr) NCBI reference sequences

DS compared1 total refs2 refs unique to
DS3

% reads in
sig. diff. refs6

DS1 DS2 DS1 DS2 DS1 DS2
% refs

shared4

refs w/
sig. diff.

abundance5 DS1 DS2
25m S1 25m S2 21 011 33 097 13 261 25 347 16.7 0 0 0
25m U 25m S 4 110 46 358 1 732 43 980 4.9 13 7.0 4.0
75m
AS1*

75m
AS2* 4 278 11 040 2 978 9 740 9.3 144 27.0 4.1

75m AS1 75m AS2 4 231 11 011 2 939 9 719 9.3 30 11.0 7.5
75m
AU1 75m AU2 1 275 4 193 975 3 893 5.8 6 2.7 0

75m
BU1 75m BU2 1 086 6 794 747 6 455 4.5 2 0.8 0

75m AS* 75m BS* 14 018 14 860 10 434 11 276 14.2 75 15.0 8.5
75m AS 75m BS 13 950 14 790 10 384 11 224 14.2 7 7.2 5.8
75m AU* 75m BU* 5 213 7 586 3 955 6 328 10.9 14 3.0 3.5
75m AU 75m BU 5 168 7 541 3 918 6 291 10.9 0 0 0
75m U 75m S 11 459 25 174 7 166 20 881 13.3 3 1.5 1.9
25m all 75m all 48 090 32 340 36 341 20 591 17.1 306 18.0 22.0

1 as listed in Table 2, where * represents dataset comparisons without removal of replicate
sequences
2 total number of unique reference genes identified via BLASTX of non-rRNA reads against the
NCBI
  non-redundant (nr) database (e-value ≤ 1x10-5)
3 reference genes present in only one dataset
4 distinct nr-reference genes shared between datasets, as a percentage of total distinct reference
genes
  identified via BLASTX of the two datasets under comparison
5 reference genes differing significantly in abundance (reads per reference) between datasets (P
< 0.05)
6 percentage of total reads matching (via BLASTX) reference genes that differ significantly in
abundance

Comparison of subtracted vs. unsubtracted and replicates…  

Hypotheticals + mis-called protein clusters 

Highly expressed protein clusters with function annotations 

Protein family (GOS cluster) expression profile 

Cluster based expression ratio =  
% of cDNA reads mapped to each GOS protein cluster 
% of DNA reads mapped to each GOS protein cluster 

What do the mystery RNAs represent ??? 

 UNIDENTIFIED RNAs IN METATRANSCCRIPTOMICC DATASETS  

RNase P RNA 

Tryptophanyl-tRNA synthetase 5’UTR 

Prochlorococcus 
sRNA 
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Bacterial Riboswitches Known sRNA families in HOT community transcript data sets 

Inventory of oceanic cDNA sequences 
What do the 

unknown 
sRNAs 

represent ? 

Self clustering approach identified 66 novel sRNA groups: 
≥ 85% id, ≥ 90% * length, ≥45 bp , > 100 sequences 

Tryptophanyl-tRNA synthetase 5’UTR 

Criteria supporting identification of sRNAs 

1.  Most psRNAs were located in intergenic regions 
(Only 9 psRNA groups had no homology to sequences in currently available databases) 

2. Typical conserved 2o structure for known sRNAs evident in psRNA clusters 
Criteria supporting identification of sRNAs 
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3. No 3-base periodicity in multiple sequence alignments  
   Strongly suggests absence of coding potential in psRNAs 

Criteria supporting identification of sRNAs 

(Only 3 groups of 66 clusters were found to be highly expressed protein encoding genes) 

Novel sRNAs derived from uncultivated marine microbes 

sRNA candidate Group 4 32bp exact match 

Blocks translation initiation in pyruvate kinase ??? 

Group 5 sRNAs: a novel riboswitch?? 

Found on Pelagibacter metagenomic 
contigs, but not cultured Pelagibacters 

• sRNA sequence clusters can be 
depth-specific, or eurybathyal. 

• Many clusters match homologs in 
microbial metagenomes (e.g., Group 
5 are found in uncult. Pelagibacter-
like contigs, and Group 7 are found 
in planktonic Crenarchaea). 

•  Other clusters appear completely 
novel (e.g., Group 6 and 10). 

•  sRNA character is supported by 
IGR-mapping, structure & lack of 
coding potential. 

General trends in depth stratified microbial small RNA sequence clusters 

Expression 
ratio 

Expression 
ratio 

RNAse P 

sRNAs 
(rRNA & 
tRNA 
not 
Included) 

mRNAs Mapping the 
‘metatranscriptome’ 
on reference species 

Shi , Tyson & DeLong 
Nature 459 (2009) 
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Monitoring microbial  
community response  
to environmental change… 
Use combined metagenomic, transcriptomic & 
environmental approaches in field studies. 

•  Monitor natural variation or perturbations 

•  Track changes in community gene expression 
and population structure 

•  Microcosms, mesocosms, or in situ 

After Karl et al., Nature 437: 336-342 (2005) NASA:  http://earthobservatory.nasa.gov 

Global Carbon Cycle 

Mechanisms of DOM  cycling in the ocean are poorly understood 

Ogawa & Tanoue, J. Oceanogr. 2003 

ca. 700 GtC 
30-50% marine PP 

Marine DOM 

image by Dan Repeta 

Microbial community transcriptomics of DOM Degradation 

DOM emended 

McCarren, Shi, Becker, Repeta, DeLong et al in prep. 

HMWDOM induces growth of larger, high DNA content cells 

McCarren, Shi, Becker, Repeta, DeLong et al in prep. 

The DOM-enlarged cells 
are represented a few 
specific taxa 
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Tracking community changes: rRNA, mRNA, DNA 

CONTROL 

DOM ADDITION         

Outer ring – rRNA 
Middle ring- mRNA 
Inner ring - DNA 

TIME (hr):   0  2 12 27 

Idiomarina Alteromonas 

Methylophaga 

DOM-induced methylotrophic pathways in emergent community 
2/12/27 hr 

OCH3 
O 

CO2 + CH3OH (methanol) 

Methylotrophs ? 

(DOM) CO2  

Alteromonads? 

Idiomarina Alteromonas 

Methylophaga 

Microbial communities as ‘biosensors’ of chemical transformation 

~16” 

~3
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Vacuum Filtered on Bench and Flash Frozen vs.  
Filtered on ESP + RNALater Treatment, 29 day deployment 

• 29,301 and 24,077 unique non-rRNA reads 
• 16,705 Reference genes identified 
• 5 had significantly different abundances 

16S 

23S 

Collection and Preservation of Samples for Metatranscriptomics 

Sample	

 Reads	

 % rRNA	
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Back to the Environment 
qRT-PCR/qPCR ratios 

Jorge Frias-Lopez 

Environmental Sample Processor 
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Vacuum Filtered on Bench and Flash Frozen vs.  
Filtered on ESP + RNALater Treatment, 29 day deployment 

• 29,301 and 24,077 unique non-rRNA reads 
• 16,705 Reference genes identified 
• 5 had significantly different abundances 

16S 

23S 

Collection/Preservation of RNA Samples on ESP 


