HIERACHY OF MACROMOLECULAR INFORMATION ALSO
CONTAINS INFORMATION ABOUT ENVIRONMENT & ADAPTATION
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Station ALOHA - North Pacific
Subtropical Gyre

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

Collect paired samples.
of microbial biomass
(~0.2m-16pum)

Extract community Commurityana CommunityONA
ANA/DNA o~ ~50100ng
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Pyrosequence ~105 - 1005 Mbp - 105-100s Mbp
Based on Frias-Lopez & Shi et al, PNAS 2008

Station ALOHA - HOT179 - 75 m
Metatranscriptomic analysis
Reads with homologues in existing peptide databases
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Frias-Lopez and Shi et al, PNAS March 2008
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Metatranscriptomic analysis
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Community Gene Expression
Station 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
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Prochlorococcus in the wild (75 m) :
DNA coverage and gene expression

DNA coverage

B .
Z 8
e M
e a 8 o ©
g 2 %
= 0 %
= Co oot A . @@o 0o —6-m oo e om oo N
- o 600 1200 _1800 .
_ Gene expression ratios
c 3
5
=
=
=
g
£

o 600 1200 1800
gene number along chromosome

Frias-Lopez and Shi et al, PNAS March 2008

Comparing diel expression
patterns :

Wild Prochlorococus populations =
vs. cultures

transcripts,DNA 75m

LAB (AFFY), 3 am
T

expression, diel array expt

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

Comparing diel expr patterns : lab vs. field
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Oceanic depth profile- cDNA and DNA reads
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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
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Hypotheticals + mis-called protein clusters

Highly expressed protein clusters with function annotations

cluster-based expression ratio
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Normalized expression Tevel

Genome-specific ORF expression profile - Pelagibacter

Plot for Candidatus Pelagibacter ubique HTCC7211
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Sources of Error in Pyrosequencing
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Reliability and reproducibility
Technical replicates & removal of duplicates
75m Run 1 - 9% duplicates vs 75m Run 2 - 17% duplicates

Duplicate cutoff 99% identity, 1bp length difference
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The ISME Joumal (2010), 1-12

Development and quantitative analyses of
universal rRNA-subtraction protocol for icroblal

Stewart, Ottesen, and DeLong

rRNA Subtraction for Metatranscriptomics

Environmental Sample
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rRNA Subtraction for Metatranscriptomics
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% rRNA Change in non-
Sample Unsubtracted Subtracted rRNA
25m 88% 52% 4x

75mA 82% 61% 2.2x
75m B 82% 55% 2.5x

The ISME Journal (2010), 1-12

Stewart, Ottesen, and DeLong




Variation in Transcript Abundance
25m Unsubtracted vs rRNA Subtracted

B 25m Unsublracted @ 25m rRNA Sublracted
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NCBI-nr Reference Gene

The ISME Joumal (2010), 1-12 Stewart, Ottesen, and DeLong

Reads mapped to top hit in NCBI-nr database, e-value cutoff 1x10-5
References representing >0.1% of 25m L shown in

P-values <0.05 marked (Audric and Claverie significance test, FDR multiple comparison test)

rRNAs in iptomic datasets after hybridization

total rRNA %

sample primers’ reads reads rRNA
Pure culture
Dokdonia sp., rep 1 B 630 260 65339 10.4
Dokdonia sp., rep 2 B 195278 4859 2.5
Dokdonia sp., rep 3 B 91437 10784 11.8

Bacterioplankton
Bermuda, tropical

20m B 511 525 146 530 28.6
50m B 365838 87240 23.8
100m B 519 951 143 907 27.7
0OMZ, experimental incubation
OMZ t0 BAE 27 300 9805 35.9
OMZ t1 BAE 105274 58 240 55.3
OMZ t2 BAE 64 463 29590 45.9
Monterey Bay?®
10m sample WCR3 BAE 248 016 82932 33.4
10m sample WCRS BAE 238 635 90767 38.0
10m sample WCR6 BAE 235339 82501 35.1
10m sample BAC16 BAE 102 024 40833 40.0

" probe: B = Bacterial 16S and 23S (primers in Table 1); A = Archaeal 16S and 23S (Table S2);
E = Eukaryotic 18S and 28S (Table S2)
? Archaeal 16 probe excluded — PCR yielded multiple bands ~ Stewart, Ottesen, and DeLong, ISME J.

Comparison of subtracted vs. unsubtracted and replicates...
Table 3. Dataset (DS) comparisons — non-rRNA sequences mapped to non-

redundant (nr) NCBI reference sequences

: . refsuniqueto refsw/ % readsin
DS compared total refs DS’ %refs  sig. diff. sig. diff. refs®
DS1 DS2 DSt DS2 DS1  DS2 shared DS1 _Ds2

25mST 25mS2 21011 33097 13261 25347 167 0 0 o

25mU 25mS 4110 46358 1732 43980 4.9 3 70 40

75m  75m 93

AST* AS2* 4278 11040 2978 9740 144 270 44

75mAS175mAS2 4231 11011 2939 9719 9.3 0 110 75

om 7smAU2 1275 4193 975 3893 P 6 27 0

;in; 75mBU2 1086 6794 747 6455 45 2 08 0

75m AS* 75m BS* 14018 14860 10434 11276 14.2 75 150 85

75mAS 75mBS 13950 14790 10384 11224 142 7 7.2 5.8

75mAU* 75mBU* 5213 7586 3955 6328 109 14 30 35

75mAU 75mBU 5168 7541 3918 6291 109 0 0 o

75mU  75m S 11459 25174 7166 20881 13.3 3 15 19

25mall_75mall 48090 32340 36341 20501 171 306 18.0 22,0

" as listed in Table 2, where * represents dataset comparisons without removal of replicate
sequences

 otal number of unique reference genes identified via BLASTX of non-rRNA reads against the
NCBI

non-redundant (nr) database (e-value < 1x10°°) ‘The ISME Joumal (2010), 1-12

? reference genes present in only one dataset

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

10 T T T

Hypotheticals + mis-called protein clusters ~o-75m 1

Highly expressed protein clusters with function annotations

cluster-based expression ratio
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UNIDENTIFIED RNAs IN METATRANSCCRIPTOMICC DATASETS

18,117 “unassigned" reads 21,212 “unassigned” reads

— 1 —
HOT170 25m HOT178 75m

Total reads = 74,638 Total reads = 107,936

What do the mystery RNAs represent ???

25,826 “unassigned reads

HOT179 125m

Total reads = 67.915
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Bacterial Riboswitches
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Known sRNA families in HOT community transcript data sets

DNA | DNA
Rfam ID Function Total count 25m 75m 125m 500m
[ Riboswitch: methionine/cysteine o 010 o0 o0 o

biosynthesis.
RF00029:Intron_gpil Selt-splicing ribozyme 210 ol0 olo ol0 210
Cleavage of eukaryotic precursor
RF00016:SNORD 14 i 210 ol0 110 110 olo
Translation and targeting of

RFO0169:SRP_bact s X 474130 10119 saym 14814 13116
RF00004:U2 Pre-mRNA splicing in eukaryotes. 141 101 si0 110 710
> bact a 833|163 2|27 267|121 194112 13413

SmRNA o ] 1961200 242138 413]49 53950 766163
RF0001365 (RN B R 71118 1217 210 331 310

phase

: 20117 1713 613 57 114

RFO0005RNA Protein synthesis. 1036 874 175|214 1381259 490|205 232196
7115 112 oja 410 2|9
216 112 101 oft 0|2

>_euk_arch e 4143 1119 11s 13 1116
RF00519:5uh8 Putative SRNA with unknown ol2 ol0 olo olo 012
RF00066:U7 Pre-mRNA spiicing in eukaryotes ols ol olo ol3 ol
RF00562:SCARNAT4  small nuclear RNA in eukaryotes ol E olo ol2 013
RF00521:5AM_alpha Ribosuitch; methionine ol10 ol2 olo ol2 ole

biosynthesis in

Inventory of oceanic cDNA sequences

18,117 “unassigned reads.

HOT179 25m

Total reads = 74,638

What do the
unknown

4 sRNAs

represent ?

21,212 "unassigned" reads

HOT179 75m

Total reads = 107,936

I (GR (BLASTN against marine env-nt database)

B Protein-coding (BLASTX against NCBLNR. GOS.
marine peptde database)

- A ) Known SRNA familles (cmsearch against

[E— Rfam database)

25,826 “unassigned” reads

HOT179 125m

Total reads = 97,915

HOT179 500m

Total reads = 100,249

Metatranscriptomics reveals unique microbial small
RNAs in the ocean's water column

Yanmei Shi', Gene W. Tyson' & Edward . DeLong'*

Vol 459(14 May 2009|doi:10.1038/nature08055

Self clustering approach identified 66 novel sSRNA groups:
2 85% id, 2 90% * length, 245 bp , > 100 sequences

Tryptophanyl-tRNA synthetase 5’UTR

78.41

62.40

Criteria supporting identification of sSRNAs

1. Most psRNAs were located in intergenic regions

(Only 9 psRNA groups had no homolagy to sequences in currently available databases)

Criteria supporting identification of sSRNAs

2. Typical conserved 2° structure for known sRNAs evident in psRNA clusters
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Criteria supporting identification of sRNAs

w

No 3-base periodicity in multiple sequence alignments
Strongly suggests absence of coding potential in psRNAs
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(Only 3 groups of 66 clusters were found to be highly expressed protein encoding genes)

Novel sRNAs derived from uncultivated marine microbes
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Group 4 example: GOS scaffold 1096626509977 (AACY020400221)

Blocks translation i tion in pyruvate kinase ???

Group 5 sRNAs: a novel riboswitch??

Found on Pelagibacter metagenomic
contigs, but not cultured Pelagibacters
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General trends in depth stratified microbial small RNA sequence clusters

- sRNA sequence clusters can be
depth-specific, or eurybathyal.
Cluster ID
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Monitoring microbial
community response
to environmental change...

Use ined i iptomi
environmental approaches in field studies.

Twenty iter microcosms prepared from natural seawater

* Monitor natural variation or perturbations 2. Pl assemblage

* Track changes in community gene expression

and population structure HE s
* Microcosms, mesocosms, or in situ oo o . ® 1t

ksl

time points

Global Carbon Cycle T hocam

1000 Semi-Labile

2000 [

Depth (m)

3000 f;

4000
0 1
Relative Humic Fluorescence

ASA: hitp:/iearthobservatory.nasa.gov aner
Ogawa & Tanoue, J. Oceanogr. 2003

Mechanisms of DOM cycling in the ocean are poorly understood
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Microbial community transcriptomics of DOM Degradation

~ 2000 L surface seawater
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(1 nm membrane)

20 L Mesocosm
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(~4x ambient DOC)
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o B u w » Joms
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e, o L o @, 20L - community RNA
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Virus-free HMWDOM eluate

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

McCarren, Shi, Becker, Repeta, DeLong et al in prep.
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Tracking community changes: rRNA, mRNA, DNA

TIME (hr): 0 2 12 27

CONTROL
Outer ring - rRNA
' : " Middle ring- mRNA
Inner ring - DNA
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Microbial ¢ nities as 'bi s’ of chemical transformation

rRNA reads (%DOM-%control)

Idiomarina Alteromonas.
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Environmental Sample Processor (ESP)

<ot

~30

reusable solid
phase extaction

Chemical and Physical Sensors
*Temperature, Depth, Salinity
«Chlorophyll, Backscatter
Nitrate

Biological monitoring
*DNA/protein hybridization arrays
*Real-Time PCR
Archival filters for FISH/microscopy

Archival filters for
Metatranscriptomics

Collection and Preservation of Samples for Metatranscriptomics

Vacuum Filtered on Bench and Flash Frozen vs.
Filtered on ESP + RNALater Treatment, 29 day deployment
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16S
Sample Reads % rRNA
238 Bench 179,643 80%
ESP 160,364 82%
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Back to the Environment
qRT-PCR/qPCR ratios

Equivalent in cDNA and DNA Not found in the 454 DNA

L

8| High representation
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454 cDNA/DNA ratio

Genes
Jorge Frias-Lopez

Environmental Sample Processor
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Collection/Preservation of RNA Samples on ESP
Vacuum Filtered on Bench and Flash Frozen vs.
Filtered on ESP + RNALater Treatment, 29 day deployment

16S

23S

25 160 560 1000 2000 4000
. Fragment Size (base pais)

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