Genomics and marine microbes
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Fraser, Eisen, and Salzman Shotgun genome sequencing
Nature 406, 799-803 (17 August 2000)
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Sanger sequencing has become much cheaper

Joint Genome Institute (JGI) statistics NeW T@Ch”OlOgieS
454 DNA sequencing

500,000 DNA fragments sequenced at once
- Average read length 250 nt

- 100 million nt per run

- One 454 run = 4 hours

- < $10,000 reagent cost
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Pyrosequencing - 454 GS20 and FLX

Pyrosequencing - Library construction

N 1. DNA Library Construction * 2.emPCR 3. Sequenging
OLD: gDNA i )4 Data output
45h 8h 75h
Genome Sequencer GS20 ¢DNA
~ 40 million bases/run
~>100bp j| [ T Y
~ 400,000 reads % Lyl o200t || g N
31 O 0000007 PPN
NEWER: oo o= [ 8) s
Genome Sequencer FLX = Library is created from any dsDNA + A/B fragments selected using streptavidin-biotin purification
* Genome fragmentation by nebulization = Denaturation to select for sstDNA lbrary with A/D adaptors
~ 100 million bases/run = Ligation of adapters A & B = No cloning; no colony picking
~>250bp e
~ 400,000 reads ABfragments ——pmm——T i
-
AAfragments — oy ~
NEWEST : “Titanium” B8 fragments ¢ I
s ragments @ _mmm—"
~ 250 million bases/run PA TRamens
~>450b]7 I T of Roche (Techs il ation)
images courtesy of Roche (Technical presentation
~ 500, 000 reads

Pyrosequencing - emPCR
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Anneal sstDNAtoan  Emulsify DNA Capture  Clonal amplification  Break microreactors
excess of 28 um DNA  beads and PCR reagents  occurs inside and enrich for DNA-
Capture beads in water-in-oil microreactors, positive beads

microreactors

SSIDNA library

ly-amplified sstDNA attached to bead

DNA Capture Beads

%

Pyrosequencing - sequencing

o Well diameter average for PicoTiterPlate

is 44 ym
S = Asingle clonally amplified sStONA bead
is deposited per well
I lmﬁ Alayer of packing and enzyme beads are

= deposited

Plate is loaded into instrument for

sequencing

Amplified sstDNA library beads —————————5 packed PTP
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DNA capture bead
containing millions of
copies of a single
clonal fragment
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Pyrosequencing - imagine processing
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Solexa technology

The sequencing of the "DNA
clusters” relies on reversible
terminators (like dideoxys)

on fluorescently labelled
nucleotides. Each round of
synthesis gives the next
base in sequence, by its

color.

(sequence by synthesis)

Solexa/Iilumina DNA Sequencing Platform

NV, 1 i
AT . )
S I

i il

=1
It !




Reversible Terminator Chemistry
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Bentley et al. Nature 456, 53-, 2008

Solexa/Illumina DNA Sequencing Platform
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Next Gen Platform Comparisons

AB3730 454 FLX Solexa/Illumina
Cost perrun | ~$50 ~$12K ~$5K
Bases read/run | 72Kb 100Mb 720Mb
Bases per read | 750 250 36
Reads per run | 96 reads/run 400K reads/run 20M reads/run
$ per Mbp $ 694 $120 $7
:;:;:’Z:fe :lvt“"‘ - 100x AB3730/dy | 300x AB3730/dy
Errors Diverse Homopolymeric Diverse

(cloning bias) runs (base subn.)

Run time 1 hour 6.5 hours 2-4 days*

Pacific Bioscience's single molecule DNA sequencing strategy (2010)
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Attenuated light from the excifation beam

in a detection volume of 20 zeptoliters (10! liters).

SUMMARY CURRENT ‘NEXT GEN' TECHNOLOGIES

Platform Amplification Sequencing
Harvard/Danaher/Agencourt/ABI Emulsion PCR Ligase

454 Life Sciences / Roche Emulsion PCR Polymerase - pyrosequencing
Solexallllumina Bridge PCR Polymerase - reversible terminator
Helicos None Polymerase - single base extension

Pacific Biosciences None
occupancy

Polymerase - active site




How do you make sense of this ???2?22?

TTCAATTGCCAAATCCATCACTAGATGAATGATTCTGAATCAGATATAAAATTACGTAATTGTAATAAGA
ATTGAGTTTTAAAACACATTATGGAAAAAAGGATTGTATTTCATGTTGATTTTGACTATTTTTATGCACA
GTGTGAAGAGATTAGAGATTCTAAAATAAAAGGGAAATGTGTTGCAGTTTGTATATTTTCTGATAGAGGA
GGAGATAGTGGAGCAATAGCTACTGCAAATTACAATGCAAGAAACTTTGGAGTAAAATCAGGAATTCCAA
TTATGCTTGCAAAAAATAAATTAAAAGAGCAAGATTCAGTATTTTTGCCAGCTGATTTTGATTATTATTC
AGAAGTATCATCAAAAGCAATGGAAATAATTGAAAAGTATGCAGATGTATTTGAATATGTTGGAAGAGAT
GAAGCATATCTTGATGTTACAAAAAAAACTGAGAGTGATTTTCATAATGCAGAACATCTAGCGCAACAGT
TGAAAAATGAAATAAGAAATAGTCTAAAACTTACATGTTCTGTAGGGATCACGCCAAATAAACTACTTTC
AAAAATTGCTTCAGATTATAAGAAACCAGATGGATTGACAACTGTAAAACCAGAACAAGTTGATGAGTTT
TTATCACCATTAAAAATAAGAGTAATTCCAGGTATAGGTAAAAAAACAGAAGATTTTTTTGTACAAATGC
ATGTGAATACAATAGAAGACCTAAGAGAAATTAATATTTTTGATTTAAACAAAATGTTTGGGAGAAAAAC
TGGAGGACATATTTTTAATTCTTCAAGAGGAATTGATGAAGAAATGGTTAAACCGAAAGCGCCTACAATT
CAGTTTAGCAAGATTATCACTTTAAAGAAAAATTCTAAAGAACTTAAATTTCTACGTGAAAACATAGAAA
AACTATGTGTGCAATTGAATGAAATTGCAATTGAAAACAACAAAATGTATCGCTCAATTGGAATCCAGTT
TGTAAACGAGGATTTATCCACAAGAACTAAATCAAAAATGATAAAAAATCCAGGAAATAATGTGATTGAA
TTAAAAAAAGTTGTAAATCAATTACTAGAAGAAGCATTGATAGAACAAGAAATGTTAGTTAGAAGAATTG
GAGTTAGAATTTCAGAGTTTTCAGATGTAGAGGGTCAGAGAGACATTACAAATTA’ [TAGATGTTTTT
TCAGATTCTATTCGCTTGAGTCGTTTTGTTTCAACTACTGTCACAATCAGTAAAAAGATGAATAACCACG
GAAGAAACATTATTTCGCCTGCTACAGAATGAAATTCTTCCCATGCTTCAGGATCAGTAGTCACTTTTAG
TGCGTAAACAGATAACGAAAAGATTCGAATCAAATTTACAAATATAGTTCCAAGAATTCCTAAAATAAAA

Determination of possible open
reading frames in a DNA sequence.

ORF = open reading frame = start codon..[GATC]n....stop codon
CDS = coding sequence (produces the actual protein/RNA species)
] orf wgmhp cos

wow ]
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l Gene prediction
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Annotation of bacterial and archaeal : improving accuracy and
Overbeek et al., Chem Rev. 2007. 107:3431-3447.
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Figure 15-4 Brock Biology of Microorganisms 11/e
©2006 Pearson Prentice Hall, Inc.

Computing the probability of GATC under a markov chain can be translated into:
Pin(Gl<startsymbol>) * Pyin (AIG) * Py (TIA) * Py (CIT)
genome
- - - = - background mods!
J @ I — traiing set
(— (-
all ORFs Factors affecting probabilities include :
Different GC content in coding genes
The GC content of the third position in a codon
match naeh lecleoude ‘frequency
training set background Tri-nucleotide frequency
Di-nucleotide frequency and other frequencies
cbs nen CbS Presence of ribosomal binding sites (RBS)
Annotation of bacterial and archacal genomes: improving accuracy and consistency.
Overbeck et al., Chem Rev. 2007. 107:3431-3447.

Genome sequence of the endocellular bacterial symbiont of aphids Buchnera sp.
APS Shuji Shigenobu, Hidemi Watanabe, Masahira Hattori, Yoshiyuki Sakaki, Hajime Ishikawa

Nature 407, 81-86 (07 Sep 2000)
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Whole-g random and of t ilus i Rd
RD Fleischmann, MD Adams, O White, RA Clayton, EF Kirkness, AR Kerlavage, CJ Bult, JF Tomb,
BA Dougherty, JM Merrick, and al. et Science 269:496-512 (1995)

Metabolic pathway analyses - what can the orgahism do ?

KEGG map - Prochlorococcus marinus (marine cyanobacterium)
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Cartoon of physiological components detected in genome sequence Inter and intra-species comparative microbial genomics
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Genome size in representative Bacteria

‘Table 15, prokaryotic chromosomes”
Organism Size (base pairs) Comments
acteria
e p—— S0 A0 Smallest ko celllargerome (555 Seton 1221)
Muoplsa grcanise 816, P cs prismania (525 Section 1221)
Boveliabugiortrt 510; 83 Spirochee, has lsear chucmesome, causes Lyme disease
Sections 1233 and 27.1)
Chlmyis rachomati 1m0 5 Obligateinracellularparaste, commen human pathogen
(25 Sections 1227 1nd 26
Kidetsaproxeseks g 5 Obligate imacelllar parssit, caoses cpidermic
i fons 12,13 and 7.3
Trporenna e T8 Sprochene cawes syphilis (5 Sections 1230 and 26.12)
A P IS dypernenmophile, sutotroph (555 Section 12:7)
[ m— P 1716 Mostsbundant phototoph i oceans.
155 Seton 220 0
Causes peptic cers (925 Secion 26.10)
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Dvinacocos s 33415 285 Radiston esistnt, malfipl chromasames (5% Setion 1236)
e St 127
S61 Pacasiteof cihr rokaryoie (5% Section 111)
i ol for boremiaion (555 Secton 17,1
w7 e (65 Secion 1216)
3100 i model (5% Secion 1220)
w524 (5 Sectons 1223 ané 265)
2 v genetic e (655 Scton 121
S Pathogen, bowarbam agent (655 Secion 1120
Fos ersille ancxygenic protoirph
Py
s arugiosa . il opportunistc pthogen
220 Scton 12)
Stnptomyescsiaior b el pds o
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Tink e st thr o et elevan e Stes.

Genome size in representative Archaea

Table 15.1 Select prokaryotic chromosomes'

Organism Size (base pairs) ORFs”  Comments

Archaea

Nanoarchaeum equitans 490,885 552 Smallest known genome (99 Section 13.11)
Thermoplasma acidophilun: 1,564,905 1509 Thermophilic, acidophilic (5 Section 13.5)
Methanocaldococcus jannaschii 1,664,976 1738 Methanogen (5% Section 13.4)

Aeropyrum pernix 1,669,695 1841 Hyperthermophile (5% Section 13.9)

Pyrococeus horikoshii 1,738,505 2061 Hyperthermophile (555 Section 13.6)
Methanothermobacter thermoautotrophicus 1751377 1855 Methanogen (555 Section 13.4)

Archacoglobus fulgidus 2,178,400 2436 Hyperthermophile (% Section 13.7)

Halobacterium salinarum 2,571,010 2630 Extreme halophile, bacteriorhodopsin (&% Section 13.3)
Sulfolobus solfataricus 2992245 2977 Hyperthermophile, sulfur chemolithotroph (95 Section 13.9)

“Information on these and hundreds of other prokaryotic genomes can be found in the TIGR Database (www.tigrorg/tdb), a
maintained by The Institute for Genomic Research (TIGR), Rockville, MD, a notfor-proit research insttut, andat rxnu//nmuwmmmzm org.
Links are listed there to other relevant wel
*Open reading frames. The purpose of reporting ORI s to predict the total number o protein that an organism might encode. Of course,
genes encoding known proteins are included, as are all ORF's that could encode a protein greater than 100 amino acid residues. Smaller ORFs
are typically not ineluded unless they show similarity to a gene from another organism or unless the odon usage is typical of the organism
being studied

Table 15-1 part 2 Brock Biology of Microorganisms 11/e
©2006 Pearson Prentice Hall, Inc.




General trends in microbial genomes
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Gonome size
Trends between gene content and genome size in prokaryotic species with larger genomes
Konstantinidis and Tiedje, PNAS 2004 vol. 101: 3160-3165

Table 15.2 Gene fun

n in bacte!

genomes

Percentage of genes on

n that gory
F ichi He i My
categories coli i genitali
(4.64 Mbp)“ (1.83 Mbp)* (0.58 Mbp)*

Metabolism 19.0 14.6
Structural 4.7 3.6
Transport 7.0 7.3
Regulation 6.6 6.0
Translation 8.0 21.6
Transcription 1.5 2.6
Replication 49 6.8
Other, known 52 58
Unknown 38.1 43.0 32.0

“ Chromosome size. Each organism listed contains only a single circular
chromosome.

Table 15-2 Brock Biology of Microorganisms 11/e
©2006 Pearson Prentice Hall, Inc.

Trends between gene content and genome size in prokaryotic species with larger genome
Konstantinidis and Tiedje, PNAS 2004 vol. 101: 3160-3165

30

OTranslation-DNA replication and repair-DNA metabolism|
BRegulation (transcription control and signal transduction

25 1 Metabolism and transport

20

Percent ORFs

<1.500 1.500-3.000 3.000-4.500 4.500-6.000
Total ORFs in the genome

>6.000

(mboghem)

KYOTO ENCYCLOPEDIA OF GENES & GENOMES (KEGG)

KEGG map - NITROSCOCOCCUS OCEANII (a chemolithotrophic nitrifier)
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Trends between gene content and genome size in prokaryotic species with larger genome
Konstantinidis and Tiedje, PNAS 2004 vol. 101: 3160-3165

Gene duplication and multigene families...
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Genome size

Evolution in genome sequence and content
Genome expansion
Gene duplication and gene family expansion
Genomic Islands

Lateral gene transfer (but NOT in oblibate symbionts)

And contraction ...
Gene deletion

Genome reduction




Intraspecies genomic comparisons of E. coli

MG1655 (K-12) 193 CFT073

Intraspecies genomic comparisons of E. coli
2004 ‘island’ genes in CFT073, only 204 of which are shared with EDL933

. 2.5% .
non-pathogenic 1623", uropathogenic (pap-hly)
7.6% Ave.ami_n_n acid 21.2% 00Kb  aspv. J— pheV/
composition — selc (pap)
98% for core genes * asnTV ssiA pheU
serU, metV
2996 i | . |l argw | | - oux
39.2% i i‘f‘ — b | b | — |H- TR I SN AN UL T Y
21;,/ 204 |mrw ‘ 1 | ’ ‘ W A phev
- 2.6% 2o sort selc oux
(LEE)
\, serW serx EDL933
1346 oo T
. 17.6%
Total proteins = 7638
2996 (39.2%) in all 3 .
911 (11.9%) in 2 out of 3 EDL933 (0157‘H7)
3554 (46.5%) in 1 out of 3 enterohaemorrhagic
Only 40% of the genome is share by all 3 E coli strains ! UROPATHOGENIC vs. ENTEROHAEMORRHAGIC "HOT-SPOTS"
Welch, R. A, et al. (2002) Proc. Natl. Acad. Sci. USA 99, 17020-17024 Welch, R. A. et al. (2002) Proc. Natl. Acad. Sci. USA 99, 1702017024
Pathogenicity "islands” Blue=backbone Typical gene content in a genomic island...
Red/orange=islands
CFT073 compared Core Core

to E coli K12

Welch, R. A. et al. (2002) Proc. Natl. Acad. Sci. USA 99, 17020-17024

PNAS

genome genome
tRNA gene  int Gene 1 Gene 2 IS Gene 3 Is ‘

W/ A L Y I YR

Nature Reviews | Microbiology

Genomic islands (GEIs) are horizontally acquired DNA regions that are usually chromosomally inserted in the vicinity Of tRNA genes. A
typical GEL is flanked by direct repeat (DR) structures and carries several genes encoding traits that may increase bacterial adaptability or
fitness under certain growth conditions (represented here by genes 1-3). Typically, GEIs carry multiple functional and fragmented
insertion sequence (IS) elements and other mobility-related genes, as well as a functional integrase (int) gene, the product of which is
involved in insertion and deletion of the DNA region that is flanked by DR structures.

Genomic islands in pathogenic and environmental microorganisms
Ulrich Dobrindt, Bianca Hochhut, Ute Hentschel & J6rg Hacker
Nature Reviews Microbiology 2, 414-424 (May 2004)

Genomic islands in pathodenic and environmental microorganisms
Ulrich Dobrindt, Bianca Hochhut, Ute Hentschel & Jorg Hacker
Nature Reviews Microbiology 2, 414-424 (May 2004)
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Genomic islands in pathogenic and environmental microorganisms
Ulrich Dobrind, Bianca Hochhut, Ute Hentschel & Jorg Hacker

Nature Reviews Microbiology 2, 414-424 (May 2004) Nature Roviews | Microbiology




Genomic Islands and the Ecology and Evolution of Prochlorococcus
Maureen L. Coleman e al., Science 2006:311. pp. 1768 - 1770

Coverage of shotgun sequencing reads from the Sargasso Sea on Pcc genome
- ISL1 1sL2 ISL3  ISL4  ISL5
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Fig. 2. Features of genomic islands (shaded) in the Prochlorococcus strain MIT931

2 genome compared with wild sequences from the Atlantic and Pacific Oceans
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Symbiont phylogeny mirrors insect host phylogeny - co-evolution

Aphid symbiont
Buchnera phylogeny Aphid phylogeny

/70 my

Tribe, Family

ITS (16S rDNA)
70

Aphididae

150 mya

. viminatis |- ini |

Mi, victoriap——— Mindarini | Mindaridas
P. betae ————— Pemphigini
M. rhois

Pemphigidae
51 chinensis [ Fordni

Escherichia coli
Proteus vulgaris

25 base changes

Essential amino acids are not in the bugs diet !

Recommended daily

Name |, take in human Adults mg per Kg body weight WHo|'°" 70K human (mg)

F Phenylalanine 14 (sum with Tyrosine) 980
LLeucine s 14 980

M Methionine 13 (sum with Cysteine) 910

K Lysine 12 840

I lsoleucine |10 700

V Valine 10 700

T Threonine 490

W Tryptophan 3 245

H Histidine  unknown, 28 in infants (2 sum with arginine) (? 1960)
R Arginine unknown, required for infants, maybe seniors )

‘Genome sequence of the endocellular bacterial symbiont of aphids Buchnera sp.
APS Shuji Shigenobu, Hidemi Watanabe, Masahira Hattori, Yoshiyuki Sakaki, Hajime Ishikawa
Nature 407, 81-86 (07 Sep 2000)
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Genome sequence of the endocellular bacterial symbiont of aphids Buchnera sp.
APS Shuji Shigenobu, Hidemi Watanabe, Masahira Hattori, Yoshiyuki Sakaki, Hajime Ishikawa
a Nature 407, 81-86 (07 Sep 2000)
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Genome sequence of the endocellular bacterial symbiont of aphids Buchnera sp. Nature 407, 81-86 (07 Sep 2000)
APS  Shuji Shigenobu, Hidemi Watanabe, Masahira Hattori, Yoshiyuki Sakaki, Hajime Ishikawa

LITTLE CAPACITY FOR GENE REGULATION !
Only 2 sigma factors// N

No leader seqs e
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Example of genome dynamics over time due to Lateral Gene Transfer

S. typhimurium Many genes in most
genomes arrived via
LGT after the common
ancestor.

Gene uptake
In gamma-
Proteobacteria
E. Lerat et al Q,? X Y. pestis C092

E. coli

Y. pestis KIM

Most genes arriving via
LGT come from distant
sources (not in this

. aphidicola group)

. brevipalpis

. multocida Many persist as
vertically transmitted
genes within the
descendant clade.
---but many are lost
quickly (many present
only in tips of tree)

. influenzae
V. cholerae
. aeruginosa

fastidiosa

Evolutionary Origins
of Genomic Repertoires in Bacteria

. campestris

axonopodis

2000 genes lost from ancestor, to Sg/Ap divergence
Must have been rapid evolution and gene loss !

Genes Lost and Genes Found: Evolution of
Bacterlal Pathogenesis and Symblosls
Howard Ochman, et al.
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Reconstructed Enteric Ancestor
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Genome Streamlining in a Cosmopolitan Oceanic Bacterium

Giovanonni et al, Science 309:1242 (2005)
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Genome Streamlining in a Cosmopolitan Oceanic Bacterium  Median size of intergenic spacers for
Giovanonni et al, Science 309:1242 (2005) bacterial and archaeal genomes

Genome Streamlining in a Cosmopolitan Oceanic Bacterium
Giovanonni et al, Science 309:1242 (2005)

able 1. Metabolic pathways in Pelagibacter.
T V. pestis (151) Pathway Prediction
P. profundum (137)
Glycolysis Uncertain
E. coli (85)
TCA cycle Present
V. cholerae (83) Glyoxylate shunt Present
S. pomeroyi (78) Respiration Present
Pentose phosphate cycle Present
2 —
c P. abyssi Cell wall biosynthesis Present
g C-joiuni | — Biosynthesis of all 20 a Present
< P. horikoshi H‘ ; o ' .
I} T. thermophilus feme biosynthesis resent
. thermophilus | — Wauinene fresent
A, acolicus | mm— Nicotinate and nicotinamide Present
C. jejuni | n— Folate Present
M. genitalium |n— Riboflavin Present
T. maritima |w— Pantothenate Absent
P. ubique |memm— 8 Absent
3 6 9 Thiamine Absent
siotin Absent
[ Absent
200 300 Retinal Present
Nucleotides
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From the following article:
AR11 marine bacteria require exogenous reduced sulphur for growth

H_ James Tripp, Joshua B. Kitner, Michael S. Schwalbach, John W. H. Dacey, Larry ). Wilhelm & Stephen J. Glovannon
Nature 452, 741-744(10 April 2008)

wing ai
SAR11 marine bact uire exogenous reduced sulphur for growth

H_ James Tripp, Joshua B. Kitner, Michael 5. Schwalbach, John W. H. Dacey, Larry ). Wilhelm & Stephen ). Giovannoni
Nature 452, 741-744(10 April 2008)

G0l:10.1038/nature06776
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Features of tree Roseobacte genomes

Result for®:
Feature
Silicibacter sp. strain TVI1040 _Jannaschia sp. strain CCS1
Total no. of coding sequences 4283 386 428
G+C content (%) 640 600 622
No. of RNA operons 3 s 1
No. of replicons 2 3 2
‘Molecule length by replicon (bp)
Msin chromosome 4109442 3201640 431797
Megaplasmid 91611 523032 NA
Plasmid NA 131885 86072
No. of coding sequences by replicon
Main chromosome 3838 3013 s212
Megaplasmid 45 747 NA
Plasmid Na 103 7
G+C content by replicon (%)
Main chromosome 642 604 623
Megeplasmid 628 593 NA
Plasmid NA 553 578
No. of fRNA operons by replicon
Main chromosome 3 1 1
Megaplasmid 0 3 NA
Plasmid Na 1 0

NA, not spplcable

M. A. Moran,!" R. Belas 2 M. A. Schell,* J. M. Gonzdlez," F. Sun,! S. Sun,' B.J.
Binder,' J. Edmonds,' W. Ye,! B. Orcutt,' E. C. Howard,? C. Meile,! W. Palefsky’ A.
Goesmann,® Q. Ren,” I. Paulsen,” L. E. Ulrich,8 L. S. Thompson,” E. Saunders,” and A.
Buchan'®  Appl Environ Microbiol. 2007 July; 73(14): 4559—4569.
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FROM:
Comparative genomics of two ecotypes of the marine planktonic copiotroph Alteromonas macleodii suggests alternative lifestyles
associated with different kinds of particulate organic matter

Eiena lvars-Martinez, Ana-Belen Martin-Cuadraco, Gluseppe O'Auta, Alex Mira, Steve Feriera, Justin Johnson, Rabert Friedman and Francisco Rodriguez-Valera

Table 1 General features of g

wdii AItDE A. macleodii ATCC27126 P atlantics

Sizs (bp) 4412285 4607844 5187010
GC content 4390 346
Contigs

Total ORFs
unctic

1 assigned
ioal

1

6.63%)
143

31

P atlantics,

P ——

nuclootide ideotity: A macleodii, Alteromang

FROM:
Comparative genomics of two ecotypes of the marine planktonic copiotroph Alteromonas macleodii suggests alternative lifestyles
associated with different kinds of particulate organic matter

Elena lvars-artinez, Ana-Belen Martin-Cuacraco, Giuseppe D'Aurla, Alex Mir, Steve Ferriera, Justin Johnson, Rebert Friecman anc Francisco Rocriguez-Valera

Genes categories ATCC 27126 | AItDE

Phage integrase 12 (9) 32 (23)
Transposase and IS elements | 3 (1) 65 (63)
Chaperones 9 (1) 13 (5)
Sigma factors 10 (0) 8 (0)
Histidine kinases 53 (18) 40 (5)
Dioxygenases 8 (0) 11 (3)
Heavy metals resistance 24 (1) 36 (18)
TonB receptors 82 (31) 52 (7)
Toxin-antoxin 7 (1) 12 (5)
Acr sytems 50 (11) 45 (11)
ABC transporters 79 (19) 82 (22)
Abbreviations: A. i, Alteromonas i; AItDE, A. i 'deep ecotype'.

Fig. 1. Season and size fraction ‘mapped onto isolate
inferred by maximum likelihood analysis of partial hsp60 gene sequences
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D.E. Huntetal, Science 320, 1081-1085 (2008)

Resource Partitioning and Sympatric
Differentiation Among Closely
Related Bacterioplankton

Science

Published by AAAS
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[Fhytopianicton n the ocean use non-phosphorus iids in response to phosphorus scarcity
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From the following articie:

Michae! S
Noture 458, 65-72(5 Warch 2005)
G01:10.1038/nature07659

Rappé & Eric A. Vi

Table 1. Ratios lipids to ipids in cultures and
= Figures & Tables ncex

SQDG/PG ratio, P-replete | SQDG/PG ratio, P-limited | BL/PCr:

Cyanobacteria

Synechococcus WH8102 9.9:2.0 1205:7.1 o
Synechococcus WH?7803 10.3:0.3 61.6:15.4 ot
Synechococcus WH5701 6.2:0.5 132.0:31.0 o
Prochlorococcus MEDA 200:1.3 34.1:16 o
Crocosphaera watsonii 4.0 5.8 o
Trichodesmium erythreum 7.8:1.0 18.5:4.9 o
Eukaryotic phytoplankton

Thalassiosira pseudonana 3.0:09 <001t
Chaetoceros affinis 10.5:3.6 26.3:9.0 0.9:0.2
Emiliania huxleyi <0.01% <0.01" 0.7
Communities

South Pacific 3.6:0.8 NA 3.6:17
Sargasso Sea NA 45:11 NA

Benjamin A. 5. Van Mooy, Helen . Fredricks, Byron . Pecler, Sonya T. Dynrman, Davic M. Kari, Michal KobiiZek, Mcnael W. Lomas, Tracy 3. Mincer, Lisa R. Moore, Thierry Moutn,
5o

io, P-replete | BL/PC ratio, P-limited

2R R

>500%
27.8:8.3

NA
13.1:4.0
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