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How Can Molecular Tools Help? 
•  Genomics & transcriptomics can be used to identify 

genetic capacity for specific types of metal uptake  

–  This can be done on individual genomes/transcriptomes 
or in mixed communities (meta-omics) 

•  “-omic” techniques can be used to identify molecular 
markers indicative of limitation/stress  

–  Could include genes/proteins in addition to those 
involved in uptake 

•  We can use these stress markers to evaluate 
bioavailability of different forms of metals  



•  CTR = Copper TRansporter 
–  Passive transporter of Cu+1 

dependent on copper reduction in 
periplasm 

–  Specific to eukaryotic algae (absent 
in Aureococcus anophagefferrens) 

•  ZIP/IRT/ZRT 
–  Passive divalent metal transporters 

found in eukaryotic and prokaryotic 
genomes 

–  Different ZIP/IRT genes are 
responsive to Fe, Cu, and Zn 
limitation in Chlamydomonas 
reinhardtii 

 



•  Cu limitation transcriptomic 
work in Chlamydomonas 
reveals link between CTR 
and reductive pathways: 
•  CTR expression   
•  Expression of putative 

Ferric Reductases  



•  Transcriptomic 
analysis of ZIP/
IRT/ZRT genes 
under different 
limitation 
stressors 
suggests specific 
roles for 
individual genes 



•  NRAMP 
–  Metal permease that transports 

divalent cations 
–  Mn2+ and Fe2+ believed to be the 

main targets 
–  Present in prokaryotes and most 

eukaryotes (not found in 
Phaeodactylum tricornutum) 

•  FTR= Fe Transporter 
–  Fe3+ transporter that forms a 

complex with multi-copper oxidases 
(MCOs:FET/FOX) 

–  Found in most algal genomes (not 
praesinophytes or some 
chromalveolates) 

 



Shelley M. Payne et 
al. Microbiol. Mol. 
Biol. Rev. 
2016;80:69-90 

Additional Fe Uptake 
Pathways 
•  TonB dependent 

siderophore transport 
–  Found in many marine 

bacteria and 
cyanobacteria and 
select eukaryotic algae 

•  ABC-type transporters 
–  Active transport 

pathway  
•  FeoB  

–  Fe2+ transporter 
common in 
cyanobacteria (except 
picocyanos). Not in 
eukaryotic algae. 



Marchetti A and Maldonado MT. (2016) Iron, In: Borowitzka MA, Beardell J and Raven J 
(ed.) The Physiology of Microalgae. Springer Publishing. 233-279. 

Iron homeostasis in marine cyanobacteria 
as predicted by genomic analyses  



Potential iron homeostasis systems in marine diatoms 
as predicted by genomic analyses  

Morrissey and Bowler 2012 Frontiers in Microbiology  



•  Frequency of detected transcripts for: ferric reductase (FRE), multi-
copper oxidase (MCO), and iron(III) permease (FTR) in diatom 
transcriptomes from different phylogenetic groups 

doi:10.1371/journal.pone.
0129081.g002 

transcriptome sequencing enabled analysis 



doi:10.1371/journal.pone.0129081.g002 



PNAS 109:E317-E325 (2012) 

Transcripts	over-represented	
following	iron	enrichment	

Transcripts	under-represented	
following	iron	enrichment	

•  Fe limited 
transcriptomes and 
metatranscriptomes 
identified genes 
likely involved in 
previously 
uncharacterized 
additional Fe uptake 
pathways 



•  A putative role for 
ISIP2a in non-Cu 
dependent uptake of 
Fe(III) was 
determined by 
combining Fe uptake 
studies, genetic 
manipulation, and 
physiological 
experiments 



•  ISIP2a transcripts 
are abundant in 
Antarctica (red) and 
Monterey Bay 
(blue) 
metatranscriptomes 

•  ISIP2a expression 
illustrates Its 
ecological 
significance in the 
marine environment 
across different 
eukaryotic lineages 



•  Has proven to be a powerful tool to 
evaluate the potential for uptake of different 
forms of Fe and other metals 

– Especially when combined with genetic/
physiological characterization including Fe 
uptake experimental work 

– These efforts have also helped identify putative 
Fe stress markers that have been used to track 
Fe limitation in the field 

-omic/meta-omic identification of 
genetic capacity  



•  N and Fe stress markers in 
Prochlorococcus: 

•  Successfully track biome 
shifts (N lim, Fe lim) 

•  Highlight areas of 
possible co-limitation 
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In situ expression 
suggests some dFe 
sources may not be 
biologically available 

•  Fe stress gene 
expression markers in 
Trichodesmium: 

•  Mostly show good 
correlation with dFe 
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Again, in situ expression suggests 
some dFe sources may not be 
biologically available 

 ISME J 2015 9: 592-602. 



Targeted genomics/proteomics  
•  Can be used with trace element measurements 

(preferably a more complete suite) to evaluate 
limitation in the field 

•  Has helped identify potential areas of co-limitation 
(multiple stressors) and some surprising limitation 
results  

•  Can we use these tools to answer questions: 
–  About Fe bioavailability? Was it terrestrial Fe? Was it 

a colloidal or particulate form that was unavailable? 
Was it humics? Another unavailable ligand? 

–  About what drives the ecological success of 
phytoplankton from different habitats? Is there a 
terrestrial iron source that’s unavailable to oceanic 
phytoplankton? Can coastal species access it?  



Conclusions/Outlook 
•  Omics methods provide valuable information about 

phytoplankton uptake pathways 
– Especially useful when combined with uptake analyses, 

physiology, and genetic manipulation 

– Could possibly identify universal markers for limitation? 

•  Combining surveys of trace elements with 
transcriptomic/proteomic analysis in both surveys 
and process studies can identify: 
– Areas of limitation/co-limitation (where would it be useful 

to do more process studies?) 

– Which form(s) of trace elements are bioavailable to 
different phytoplankton groups  

 


