
Soil was collected from two watersheds, one 

supplemented with Ca to raise pH. At each 

watershed, samples were taken from three 

elevations and at three depths per sample 

site.  

 

DNA sequenced from samples through: 

- PowerSoil DNA Isolation kits (4) 

- DNA sequenced using Hi-Seq Illumina 

platform 

- DNA processed into 180 million 100 

nucleotide reads 

 

Using the CLC, a high-throughput sequence 

analysis tool, data was: 

- trimmed into 18-30 x 106 reads;  

  assessed quality of reads 

 

These trimmed paired reads were then: 

- sent to a metagenomics automated 

analysis platform: MG-RAST (3), and re-

blasted using PLAN (BLAST navigator) 

- separately analyzed with blastx and blastn 

using custom databases 

 

Developed programs to: 

- parse hits from blastx for organismal 

classification 

- match sequences hits from queries to 

original trimmed reads 

- re-blast sequences to find associated 

organisms and assoc. biological function 

- find the frequency for which a sequence 

from one sample would occur (have similar 

identity) to those in the other 17 sites (Fig. 6) 
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Denitrification is one way bacteria carry out 

nitrate respiration (5) and can be described 

as the reduction of nitrate to nitrogen gas, 

in four reduction steps each requiring a 

specific nitrogen oxide reductase (Fig. 1). 

  

Earlier studies have shown that most 

denitrifiers possess all four reductases 

needed to carry out each step of 

denitrification. New research suggests the 

denitrifier community consists of many 

incomplete denitrifiers, organisms that carry 

out only certain steps of denitrification (5).  

  

Denitrification is common in soil 

ecosystems. One of which is Hubbard 

Brook (1,2), an experimental forest that 

contains six watersheds used for carrying 

out ecosystem studies.  

  

PURPOSE: 

Metagenomics will be used to examine the 

denitrifying community and assess the 

presence of both complete and partial 

denitrifiers. Sequenced DNA will be 

analyzed in order to determine nitrogen 

oxide reductase distribution and test for the 

presence and importance of modularity, the 

idea that incomplete denitrifiers carry out 

denitrification. 

As an initial approach to establish differences between 

communities, a principle coordinate analysis, which examines 

variance in data using eigenvalues, was used for find 

correlation among samples. It showed clustering by elevation 

(Fig. 3) and by depth (Fig. 4). 

  

For denitrification analysis, there were more hits to Nor than 

to Nir. Also, the most common organisms with hits to Nor, 

were not found to have hits to Nir. 

  

Through blastx searches using custom Nap and Nir 

databases, different organismal classification was found than 

that from MG-RAST.  

  

Lack of sufficient similarity in nucleic acid comparisons and 

inconsistencies with translated alignments and paired ends 

led to use of the translated sequence results exclusively.  

  

Analysis revealed that there is an abundance of α-

proteobacteria containing nirK, and actinobacteria and 

various proteobacteria for Nor. 

  

Taxonomic classifications assigned to paired-end reads of 

NirK were more phylogenetically similar to one another than 

were those of Nor.  

A different number of hits or abundance of 

organisms associated with particular reductases 

and different organismal classifications were 

found to be associated with those hits (5). This 

goes to reinforce the notion of modularity. 

  

The alignments will be examined through the use 

of semi-quantitative tests to measure differences 

in levels of conservation between Nir and Nor to 

ultimately determine which classifications can be 

trusted for further analysis.  

Modular denitrification in microbial communities using 

sequence analysis 
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Fig. 1: Denitrification shown as four steps of reduction, from nitrate 

to nitrogen gas. 

Fig. 3: A principal coordinate analysis (PCA), which 

examines variance in data using eigenvalues, that 

shows grouping of samples based on elevation.  

Fig. 2a: A representation of Hubbard Brooke 

Experimental Forest’s watersheds. 

Fig. 2b: Effect of low pH on denitrification (6) 
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Fig. 6: nirK, nor, and nos sequenced genome 

distribution of the 18 samples collected. 

Fig. 4: PCA of samples separated by depth. 

Fig. 5: Heat-map of CJ001 sequences and frequency of its hits to 

the sequences of the other samples. 


