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Traditional methods of bacterial enumeration, culturing and microscopy 
are often insufficient to understand some biogeochemical processes – by g y
complex mixed microbial population- the black box

Insights on the complexity of the microbial population and its interaction 
with the environment can be probed with molecular tools

Molecular tools have been developed and used to understand various 
groups that catalyze environmental function its activity and abundancegroups that catalyze environmental function, its activity and abundance

Largely, these techniques rely on PCR amplification of low abundance 
gene in a mixed soup of abundant other genesgene in a mixed soup of abundant other genes

Functions and activity of microbial populations can also be understood 
by using reverse transcriptase coupled with PCR and other techniquesy g p p q



Annual  Global Primary Production Sept 1998-August 1999

Source: http://marine.rutgers.edu/opp/swf/Production/results/all2_swf.html



Annual Mean DO at 150m





Intermediate Nephloid Layer and Cell Abundance

The occurrence of pronounced subsurface particle maxima 
embedded within the core of suboxic layers of Eastern 
T i l P ifi (P k t l 1980 G fi ld t l 1983Tropical Pacific (Pak et al 1980, Garfield et al 1983,  
Spinrad et al 1989)

Arabian Sea, Naqvi et al 1993





(Ward et al unpublished)



Key QuestionsKey Questions 

• What is the composition of the Nepheloid layerWhat is the composition of the Nepheloid layer
• Are they all denitrifiers or are there others 

groups as well g p
• Is there diversity within various functional groups
• If so who are the key players that contribute toIf so, who are the key players that contribute to 

carbon and N cycling in the OMZs



Nitrate Respiring Microbest ate esp g c obes

• Organisms that can remove Oxidized forms of NOrganisms that can remove Oxidized forms of N 
from the environment include, 
– heterotrophic denitrifying bacteria
– anammox bacteria
– archaea and autotrophic nitrifiers 
– foraminifera
– thioploca(?)



Diversity Studies
• Techniques: q

– Traditional- Isolation, Microscopy 
– Molecular: TRFLP, RFLP, Sequencing, 

Pyrosequencing. 

• Several genes may be targeted depending on the• Several genes may be targeted depending on the 
question: e.g.16S rRNA or a function (e.g.. nir, rbcl)

• Sequence and Types of Suboxic Respiration (Codispoti 
et al 2005)

• O2 > IO3
- > NO3

- > Mn (IV) > Fe (III) > SO4
2-

• We have targeted the nirS, nirK and AMX 16S rRNA



nirS gene diversity in Arabian Sea OMZS ge e d e s ty ab a Sea O

Sample-DNA extraction- 3 stations 
with varying suboxia/anoxia

PCR lifi ti i S 1F 6RPCR amplification- nirS 1F-6R 
(Braker et al 1998)
-clone library-Sequencing

•Based on 890 bp
•Can compare sequences within 
as well as from database
•250 seqs grouped into 7 clusters•250 seqs grouped into 7 clusters
•Low nitrite sample- high Diversity
•High nitrite sample- low diversity-
Dominance of one group



A gene found not only in 
denitrifiers, but also nitrifiers, (wide 
range of physiological groups)range of physiological groups)







The overall diversity of nitrite reductase genes are limited in the

Phylogeny Summary
The overall diversity of nitrite reductase genes are limited in the 

open Arabian Sea - WRT sedimentary and terrestrial 
environments and CAS

Most nirK or nirS genes from the Arabian Sea do not show any close 
identities to other published sequences 

One clone from Coastal AS- 97% identical to waste water organism
(Enterococcus )

Some clades are unique to the open ocean and some are unique to 
the coastal regions, only two groups appears to be 
cosmopolitan

Some groups of nirS common to both Open Ocean AS and ETSP

C t ll d t t i S i i i t i K bCannot usually detect nirS in oxic environments, nirK can be 

Both nirS and nirK show bloom dynamics



Conclusions from phylogenetic studiesp y g

• Take home from bloom dynamics—

-- denit are episodic in response to C input, respond rapidly

-- abundant and diverse initially, few phylotypes WIN

i DOM i S d i t t i t diff t-- one winner,  DOM nirS, was dominant type in two different 
years, 3 yrs apart, in bags and in water column without 
incubation

-- DOM nirS does not occur in ETSP – so far

-- suspect other strains dominate at other times and places in 
response to episodic C input



Another approach to diversity -16S rRNA

Here a good functional gene target would be 
hzo gene

But specific primers targeting only anammox 
bacteria



Diversity studies

Advantages of sequencing technique
• one can build a data base for other genetic studies
• communities from different environments can be compared ( 

our studies show that the denitrifying communities in AS, ETSP 
and from CB, other coastal systems are different)

Disadvantages:
• most common clones are not in culture might be worth• most  common clones are not in culture-might be worth 

pursuing – do manipulative experiments, especially the key 
players-genome sequencing 

• we do not have any taxonomic information• we do not have any taxonomic information
• selection of appropriate primers very very important
• Labor intensive and expensive 



Different techniques to get the abundance informationq g

• FISH probes

• qPCR Quantitative info (in contrast to phylogeny)
• Method: This is again a PCR but with fluorescent tag to monitorMethod: This is again a PCR but with fluorescent tag to monitor 

relative increase in product 
• Select primers to amplify <500bp region
• Specific primers to target specific phylogenetic groups• Specific primers to target specific phylogenetic groups
• Standard construction

• Micro- arrays



Arabian Sea OMZ
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N h ’ tNow you can see why we’re most 
interested in nirS – much more 
abundant than nirK (possibly because 
there is no Copper – it’s all bound up pp p
with S or other ligands)

most abundant= Key players 
(?) d   k(?) – needs more work



Results:
•nirS and Anammox seems to be present together in all the 
environments we have probed, both are not present in oxic waters e o e ts e a e p obed, bot a e ot p ese t o c ate s
above and below the OMZ

•nirK appears to play a minor role.

•Increasing denitrifying condition leads to increase in abundance of 
both nirS and AMX gene copy numbers

•Abundance of nirS gene is always an order of magnitude or so higher 
than Anammox 16S rRNA gene

•Dom nirS in the AS not found in ETSP- community composition differs 
greatly between the two OMZ regions. 

•Abundance appears to be same in AS and ETSP, hence there exists 
some other major variable that drives the N removal processes, such 
as supply of substrates, that causes variability in the relative pp y , y
magnitude of the two processes.



Summary

•qPCR is a powerful molecular tool to address the change in 
abundance of various phylogenetic groups-f p y g g p

•Downside:

Assay that works for one gene may not work for another

Optimizing assay conditions

make sure that it amplifies only the group of interest

only one product

Standard PreparationStandard Preparation

Selection of primers

Expensive equipment and reagents



Micro-arrayMicro array 

• relative Abundancerelative Abundance.
• Chesapeake nirS data

O t i S• Our current nirS array



~500 nirS (heme cd1) sequences

Chris Francis



nirS
comprehensive 
probe set

40 b40 probes ~
560 sequences

Algorithm toAlgorithm to 
pick minimal 
non overlapping 
probe set –probe set 
George 
Jackson



Oligo array:  Internal Standard Universal Oligo
Dudley et al 2002

 Definitely not 
conventional

 No control 

Gene probe

Universal oligo



extract seawater DNA
PCR: YGWYLF

HhaI digest total DNAPCR rbcL dUaa PCR rbcL

incorporate dUaa by random 
priming (linear amplification)

Uaa

Uaa
priming (linear amplification)

Uaa

Uaa

couple to Cy3 dye
Uaa

couple to Cy3 dye

Three ways to produce 
labeled target DNAUaa

hybridize



Quantification
• 32 blocks, 2 (8) reps
• Sig mean - bk meanSig mean bk mean
• Background filter
• Cy3 target/Cy5 ref
• Normalize among 

blocks using mixed 
probe p

• Ave < 8 reps
• Compare to std target 

addition

200 ng NR and 200 ng rbcL dUaa

addition

200 ng NR and 200 ng rbcL  dUaa 
seawater target
BC008_16
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Functional gene microarraysFunctional gene microarrays

• Require a good database – not exploratory• Require a good database  not exploratory

• Moderate resolution

C i i i d i• Community composition and gene expression

• Fast, high throughput

• Replication, statistically robust

• VersatileVersatile 



Overall summary

Using some molecular techniques we have shown that there areUsing some molecular techniques we have shown that there are 
some powerful tools out there to study the community structure 
and dynamics

Using these tools we have shown that denitrifiers are the major 
component of the intermediate Nepheloid layer (suspended 
particles in the OMZs) and are important in carbon and N cycling 
organisms in the OMZ

Anammox organisms and nitrifiers (both groups) are also minor 
t f th N h l id lcomponents of the Nepheloid layer.

Assuming that there is one copy of nir gene per genome the entire 
inventory of cell count could be accounted for by denitrifiersinventory of cell count could be accounted for by denitrifiers

There are many more tools available, but choosing the right one is 
the challengethe challenge

Along with molecular tools, some geochemical measurements are 
also required to understand the processes



Future directions:

• Does the relative importance of these processes or 
abundance of genes change temporally and or spatially –
more data- so new toolsmore data so new tools

• What are the environmental factor that drives the pattern of 
relative importance of one process over the other-Is Carbon p p
the driving force behind nitrogen removal in different OMZ, 
so that the there are differences in dominant N removal 
process.

• Can community dynamics and expression of genes provide 
insights into the processes?

• New nirS probes for the next generation array is in 
progress

• More cruises – Target SNM- more temporal and spatial data
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Minimal DO WAO2005

Nitrate Deficit Maximum Zone>10 M

Paulmier and Ruiz-Pino 2009
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