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» Highly diverse (>100,000 species)

Molecular,iﬁéighgs from diatoms living in iron-deprived
oceans:individual genes,ta community transcriptomics

» Present in almost all environments
¥ ¥ » Range in size from pm to mm
N 3 Adria ar‘?he}t" . » Base of most aquatic food chains
University of North Carolina“at Chapel Hill
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» Some produce marine toxins
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» Important to global biogeochemistry

Armbrust Nature 2009
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1. There is a high amount of genetic diversity in
diatoms which translates into physiological and
biogeochemical diversity (i.e. not all diatoms are
created equal!).

Paul J. Harrison

Why do pennate diatoms bloom when iron is added to
HNLC regions?

Metatranscriptomics provides a new way of
elucidating plankton-environment interactions (but
there are still limitations).
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ceanic versus coastal diatoms
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Diatom acclimationto variable irt

conditions

When dealing with low iron, diatoms will:

» change their cell morphology
» reduce their iron requirements
» increase their iron uptake affinity

» have an extensive iron storage
capacity

Using molecular approaches to study eukaryotic plankton

Single genes and pathways
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ate versus centric oceanic diatoms
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requirements In coastal versus oceanic diatoms

High Fe quota
(umol Fe mol C™)

=

Low Fe quota
(umol Fe mol C)

iFeq,

Fe-Q,,

S

S

O FES

R R N e
e e, é»:‘fﬁ
oS

°

o o @

e 8
A As

=
o
- )0

I

B oD @ O
S Tee™

M I Oceanic Pseudo-nitzschia spp.
[ Oceanic Thalassiosira spp.

[ Coastal Pseudo-nitzschia spp.
H I Coastal Thalassiosira spp.

alll

(1L

2

B o 4
SR
G

o

Marchetti et al. L&0 2006

erritinis 'used

orironstoragein pennate diatoms

amino acid residue

75 100 125 150 175 200 225 250
o I — N e —
Iti (24mer)

Marchetti, Parker et al. Nature 2009




7/29/2013

granirand /. oceanica co

erritin diversity in eukaryotes

Continuous culture Pseudo-nitzschia
No added iron
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= Ciliates Bacilariophyceso (raphid) cylindrus
Dictyochophyta
Bolidophyta
Bacillarioy
Phaeodactylum
tricornutum
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An‘updated FTN phyloge sing molecular approaches to st

1. All examined pennates
have FTN

2. Some, but not all,

centrics
have FTN [———— [ ———T———
Community genomics and transcriptomics (“meta-omics”)
centric
@ pennate
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Metatransciptomics in

ukaryotic phytoplankton reference

Emiliana huxleyi
Isochrysis galbana
Phaeocystis antarctica and globosa Il whole genomes
Il Expressed Sequence Tags (ESTS)

* gene expression in microorganisms not easily

Itur nd in their natural environmen
cultured and in their natural e onment Chlorophytes (includes green algae)

Ostreococcus tauri Volvox carteri
« previously there were few Ostreococcus lucimarinus Chlorella sp.
metatranscriptomic studies in marine Chlamydomonas reinhardii ~ Micromonas pusilla
eukayotes due to: . ! o .
a) poorly established methods N P
b) few reference genomes Pseudo-nitzschia multiseries  Pseud hia granii
Fragilariopsis cylindrus Aureococcus anophagefferens
. Chaetoceros sp. Pseudo-nitzschia australis
However, we are making progress... .
Di i dudes di )

multiple species

Cryptophyta
Guillardia theta
multiple species




Latitude (deg N)

« well-characterized iron-limited,
HNLC region

« site of SERIES iron-enrichment
experiment in July 2002
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Diatoms exhibited the largest response to iron enrichme
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genes are signiricantly erentially expressed

Transcripts are over-gprgented following iron enrichment
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~1000L of seawater were filtered

Ambient from ambient OSP (T,)

PlusFe and Ctl | 24x 1D_L were' filled with seawater After 98 h, seawater
Treatments and spiked with 4 nM FeCl,. 3 x ﬁ "
was filtered (Tgq)
10L were left unamended

Vetatranscriptomic annotation pipeline

Functional Taxonomic
Annotation Identification

& NCBI
JGIC
Il | PlusFe Library = e

No. of reads = 1.7 x 10° % NCB[ & other ESI db

Ambient Library
No. of reads =2.2x10°
Ave. length = 198 b
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Proportion of reads with taxonomic hits assigned to
major phytoplankton groups (from 454 reads)

Ambient plusFe

Diatoms 11% 35%
Haptophytes 30% 33%
Chlorophytes 26% 11%
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Marchetti, Schruth et al. PNAS 2012




Photosynthetic architecture in diatoms differs depending on'iron status
()

as an in situ marker
for iron stress in phytoplankton

oxygensvelving camplex

thylakoid lumen Julie La Roche*, Philip W. Boyd, R. Michael L McKay*

&Richard J. Gelders Nature 1996
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[Copper-containing plastocyanin used for electron
transport by an oceanic diatom
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Diatom gene expression response to iron enrichment

10{

S s
3
E
E
o
w
E

a o
=
<]
°
o«

5]

O Chactoceros sp.
B Paustals
€]
5 10 15 20
logz(plusFe) + logz(ambient)
At —
2
I 1

Diatom gene expression response to iron enrichment
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Phytoplankton gene expression response to iron enrichment
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Diatom gene expression response to iron enrichment
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Proteorhodopsins in' marine mi

Bacterial Rhodopsin: Evidence
for a New Type of Phototrophy
in the Sea

Beja et al. Science 2000
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Immediately following iron enrichment, oceanic diatoms
continue to express iron-free protein encoding genes (e.g
flavodoxin, plastocyanin, non-Fe SODs, etc.)

Most highly expressed genes are characteristic of diatoms
pathways (urea cycle, nitrate assimilation, Si transporters and
polyamine synthesis, PUFA and chrysolaminarin biosynthesis)

Oceanic diatoms contain ferritin and rhodopsin-type genes
that may provide a competitive advantage in iron-limited
environments

Fe-limitation N-limitation

Light limitation High CO,
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Proteorhodopsins
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Spirosoma linguale DSM 74

o) i

Gloeobacter vilaceus PCC 7421

Roseiflexus sp, RS-1
Thermus aquaticus YS1NC23 /9-252

Salinibacter ruber DSM 13855

Isosphaera palida ATCC

aipha proteobacterium BALISS
Marinobacter sp. EL817

Octagecabacter antarcticus
beta proteobacterium K813
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Pyrocystis lunula*
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lexandrium minutum 1
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511 Guilldiatheta + Geminigera cryophla
2]
L Ribrabacter xylanophitus Dsm 9941

1181 i2Nostoc (anabena)*

1
[16) 1 Guilladia theta-+ Geminigera cryophila - Cryplomonads]

Ostreococcus tart Chlorophytes.

RHO is not present in all

diatoms

Eukaryotic phytoplankton fall
within a xanthorhodopsin
clade of eubacteria

Fold Change (log,[plusFe/ambient])

>2400 genes were
differentially expressed!
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