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Core Facilities 

•  Provasoli-Guillard National Center for Marine Algae 
and Microbiota (NCMA) 

•  J.J. MacIsaac Facility for Aquatic Cytometry  
•  Single Cell Genomics Facility (SCGC) 
•  Bigelow Analytical Services (BAS) 
•  Seawater Facility 



Core Service Centers: 
•  Na+onal	
  Center	
  for	
  Marine	
  Algae	
  and	
  Microbiota	
  
•  Single	
  Cell	
  Genomics	
  Center	
  
•  Aqua+c	
  Flow	
  Cytometry	
  Center	
  
•  Bigelow	
  Analy+cal	
  Services	
  
•  Seawater	
  Mesocosm	
  and	
  Large	
  Scale	
  Algal	
  Culture	
  Facility	
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NCMA:	
  A	
  Snapshot	
  

	
  
•  The	
  world’s	
  largest	
  and	
  most	
  diverse	
  living	
  archive	
  of	
  marine	
  

microalgae.	
  	
  
•  35	
  years	
  in	
  the	
  algae	
  business.	
  
•  Started	
  as	
  a	
  algal	
  seed	
  stock	
  for	
  the	
  aquaculture	
  industry.	
  
•  A	
  repository	
  for	
  public	
  and	
  private	
  collec+ons	
  of	
  algae.	
  
•  2,720	
  strains	
  of	
  marine,	
  brackish,	
  hypersaline	
  and	
  freshwater	
  algae;	
  

including	
  cyanobacteria	
  and	
  macroalgae.	
  
•  359	
  genera	
  and	
  723	
  species.	
  
•  6	
  products	
  available	
  for	
  every	
  strain.	
  
•  5	
  growth	
  temperatures	
  (polar	
  to	
  tropical).	
  
•  On-­‐site	
  &	
  off-­‐site	
  back-­‐up	
  and	
  cryopreserva+on.	
  
•  Expansion	
  to	
  include	
  new	
  Bacteria	
  and	
  Virus	
  collec+ons.	
  
•  New	
  web	
  site	
  to	
  enhance	
  customer	
  experience	
  (Oct	
  2013).	
  



 Exploring the World’s Oceans, from Microbes to Global Ecosystems 

Algal	
  products	
  

•  Health	
  food	
  ($2.5-­‐billion/year)	
  
•  Aquaculture	
  ($700-­‐million/year)	
  

•  Animal	
  feed	
  addi+ves	
  ($300-­‐million/year)	
  

•  PUFAs	
  (DHA)	
  ($1.5-­‐billion/year)	
  (eg	
  Martek)	
  

•  An+-­‐oxidants	
  (eg.	
  Beta-­‐Carotene)	
  ($400-­‐million/yr)	
  

•  Coloring	
  substances	
  (eg.	
  Astaxanthin)	
  	
  ($160-­‐million/yr)	
  

•  Fer+lizers/soil	
  condi+oners	
  ($5-­‐billion/yr)	
  



The NCMA holds representatives from 39 Classes of Algae	
  
	
  (all	
  the	
  major	
  photosynthe+c	
  groups)	
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Products	
  and	
  Services	
  

	
  
•  Starter	
  cultures	
  
•  Nucleic	
  acids	
  from	
  algae	
  
•  Culturing	
  Techniques	
  Courses	
  
•  Private	
  collec+ons	
  
•  Interna+onal	
  Depository	
  Authority	
  (patent	
  depository)	
  
•  got	
  algae?	
  T-­‐shirts!	
  
•  Research	
  services	
  
•  Isola+ons/clean	
  up/taxonomic	
  ID	
  
•  Services	
  through	
  our	
  partners	
  (e.g.	
  powdered	
  algae)	
  
•  Other	
  service	
  centers	
  at	
  Bigelow	
  

–  Single	
  Cell	
  Genomics	
  
–  Flow	
  Cytometry	
  
–  Analy+cal	
  Services	
  
–  Seawater	
  Facility	
  







Interac:ve	
  Tree	
  of	
  Life	
  



Google	
  Maps	
  



Starter	
  Culture	
  Non-­‐Profit	
  
30.17%	
  

Starter	
  Culture	
  Commercial	
  	
  
24.19%	
  

Culture	
  Course,	
  14.04%	
  

Mass	
  Cultures,	
  8.90%	
  

Private	
  Collec+ons,	
  4.48%	
  

Prepared	
  Medium,	
  3.94%	
  

Media	
  Kits,	
  3.67%	
  

Other	
  Services,	
  3.66%	
  

DNA,	
  2.92%	
  

Seawater,	
  2.11%	
  
RNA,	
  1.84%	
  

Bacteria,	
  0.10%	
  

Percent	
  of	
  Gross	
  Revenue	
  by	
  Product	
  
FY2009-­‐2012	
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Algae	
  ALributes	
  





Microbial diversity: 
 Each mL of  ocean water contains >105 cells 

 or  ~1 terabyte of  microbial genetic information! 



The	
  metagenomics	
  approach	
  

Extract all the 
DNA from  
microbial 
community 

Determine what the genes ARE: 
(Sequence-based metagenomics) 
Identify genes and metabolic pathways 
“Who, what and why?” 
Requires screening against reference libraries 

Determine what the genes DO: 
(Function-based metagenomics) 
Screen to identify functions of  interest, such 
as vitamin or antibiotic production 
Find the genes that code for functions of  
interest 
Usually, unambiguous assignment of  gene 
function 

The National Academies & Kennedy et al, Mar Drugs 2010 



Single	
  cell	
  genomics	
  
•  Pioneering	
  research	
  led	
  by	
  

Bigelow	
  inves+gators	
  
(Stepanauskas,	
  Sieracki	
  et	
  al)	
  

•  Applying	
  the	
  power	
  of	
  single	
  cell	
  
sor+ng	
  and	
  genomics	
  together.	
  

•  Addresses	
  the	
  limita+ons	
  of	
  
shotgun	
  sequencing	
  and	
  uses	
  
vital	
  informa+on	
  on	
  the	
  
physiology,	
  environmental	
  
factors	
  and	
  evolu+on	
  to	
  address	
  
microbial	
  diversity	
  in	
  the	
  ocean.	
  

Fluoresence	
  ac+vated	
  cell	
  sor+ng	
  

Genome	
  amplifica+on	
  and	
  reconstruc+on	
  





Par+cle	
  Sor+ng	
  with	
  Flow	
  Cytometry	
  





Single Cell Genomics Pipeline 



Single	
  Cell	
  Genomics:	
  
Dr	
  Ramunas	
  Stepanuskas	
  



Dark ocean autotrophy 

16S	
  rDNA	
  phylogeny	
  and	
  the	
  presence	
  of	
  metabolic	
  genes	
  

Lead postdoc: 
Brandon Swan 

RuBisCO and S oxidation genes detected in SAR324 and γ-Proteobacteria  
 
Consistent in multiple cells from S. Atlantic and N, Pacific 
 
May be significant players in the global carbon cycle 

Science, 333, 2011	





18S	
  rDNA	
  phylogeny	
   Picobiliphyta-­‐infec:ng	
  nanovirus	
  

Newly discovered marine protist group 
No cultures 
Our findings: 
- No photosynthesis 
- Feed on bacteria and large viruses 
- infected by a novel nanovirus 

Ecology of Picobiliphyta 

Lead PIs: 
HS Yoon (Bigelow)  

D Bhanacharya	
  (Rutgers	
  U) 

Shotgun	
  read	
  sources	
  

Science, 332, 2011	





Goals:	
  	
  
-­‐	
  Represen+ng	
  each	
  major	
  branch	
  of	
  the	
  tree	
  of	
  life	
  
with	
  a	
  genome	
  
-­‐ 	
  Discovering	
  of	
  genes,	
  proteins	
  and	
  pathways	
  
-­‐ 	
  Resolving	
  early	
  evolu+on	
  of	
  life	
  
	
  
Methods:	
  	
  
-­‐Single	
  cell	
  FACS	
  and	
  MDA	
  (Bigelow	
  SCGC)	
  
-­‐Whole	
  genome	
  sequencing	
  (JGI)	
  
	
  
Uncultured	
  groups	
  represented	
  so	
  far:	
  
	
  -­‐	
  ~15	
  Bacteria	
  phyla	
  
	
  -­‐	
  ~10	
  Archaea	
  phyla	
  

Genomic Encyclopedia of Bacteria and Archaea (GEBA)  
led by T Woyke (DOE JGI) 











Human gut flora (bacteria) 

•  100 trillion viable bacteria 
•  10x total # cells in the body 
•  Comprise about 2lbs in mass 
•  Role of  many bacteria is not 

well understood 
•  Single cell genomics may 

offer a new and powerful 
approach 

sp11symbiosis.providence.wikispaces.net 






