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Strategies for Investigating Microbial 
Community Composition and Links to 

Ecosystem Function 

Matthew Wallenstein 

What can molecular techniques 
tell us? 

• Who’s there? 
• Who’s actively growing? 
• What are they doing? 

• What substrates are they eating? 
• What genes are they expressing? 
• What proteins are they translating? 
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Direct Relevance to Ecosystem Processes?? 

Scale of Inquiry 

Microbiological and Biochemical 
Techniques 

•  Culture-based techniques 
•  Chloroform-fumigation biomass 
•  Ergosterol, Glomalin 
•  Phospholipid Fatty Acid analyses (PLFA) 
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Culture-based techniques 

Still re
levant? 

Advantages: 

-Low cost 

-Provides model organisms 

-Fun! 

Disadvantages: 

-Inefficient 

-Biased sample, misses 99% of 
microbes*** 

Chloroform-fumigation based 
biomass estimates 

Advantages 
•  Very commonly used 

index, relatively easy 
and comfortable for 
soil scientists 

Disadvantages 
•  Cannot distinguish 

active from dormant 
cells 

•  Very low resolution 
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Substrate Induced Respiration 

Advantages 
•  Relatively easy, 

cheap 
•  Consistent indicator 
•  Measures active 

biomass 

Disadvantages 
•  Single, simple 

substrate 
•  Probably misses 

mycorrhizal fungi 
•  Doesn’t measure 

dormant microbes 

Mt. Ascutney (VT) 
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Egrosterol and Glomalin 

•  Ergosterol produed by 
basidiomycetes, 
ascomycetes. 

•  Glomalin produced by 
AM fungi. 

Advantages 
•  Chemistry based 

technique 
•  Accurate 

Disadvantages 
•  Different fungi 

produce different 
amounts 

•  Low resolution 

PLFA 
Phospholipid Fatty Acid Profiles 

Advantages 
Quantitative 
Some Taxonomic 

Resolution 
Can be coupled with 

13-C assays to trace 
substrate use 

Disadvantages 
Limited resolution 
Dead-end 
Labor-intensive 
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Physiological response profiles 

•  BIOLOG physiological profiling 
•  In-situ physiological profiling 
• MicroResp 
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Nucleic-acid based techniques

•  DNA and RNA extraction 
•  Taxonomic versus Functional Gene targeting 
•  Polymerase Chain Reaction (PCR) 
•  Clone library construction (sequencing) 
•  Pyrosequencing 
•  Metagenomics 
•  Microarray hybridization 
•  Fingerprinting approaches 

–  Terminal Restriction Fragment Length Polymorphism 
(TRFLP) 

–  Denaturing Gradient Gel Electrophoresis (DGGE) 

DNA and RNA Extraction 

•  Routine for most soils using commercially 
available kits (~$4/sample) 

•  RNA extraction is more difficult, but kits 
are now available. 



7/20/10 

8 

DNA 
•  Easy to extract, 

stable 
•  Genes may be 

present but not 
expressed 

RNA 
•  Difficult to extract, 

unstable 
•  Closely linked to 

enzyme activities 

What gene should I target? 

•  Functional genes code for 
enzymes involved in 
metabolic processes;  useful 
when main question 
concerns process. 

•  rRNA genes can be used to 
infer taxonomic identities; 
useful for describing 
community structure. 
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Functional Genes 
•  May not be well 

conserved 
•  Difficult to design 

primers to target all 
genes 

•  Limited database 

rRNA Genes 
•  Well conserved 
•  Good (and growing) 

database 

Linking community structure to 
function using functional genes 

Gene Function 

nifH N fixation 

amoA ammonia oxidation 
(nitrification) 

nirS, nirK nitrite reduction 

nosZ nitrous oxide 
reduction 
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Linking community structure to 
function using functional genes 

NH4
+   →   NO2

- →  NO3
-  

Nitrification 

Denitrification 

AmoA 

NO3
-   →   NO2

-   →   NO   →   N2O   →   N2	


Nir 

Real-Time PCR amplification and 
sequence detection 

5’ 3’ Double-stranded rDNA 
extracted from soil Denaturation (94º) 

5’ 3’ 

3’ 5’ 

SYBR dye 
Primer
s 

Primers designed to anneal 
to conserved target 
sequences 

Extension (72º) 

3’ 5’ 

5’ 3’ Polymerization by Taq 
polymerase, detection of 
SYBR fluorescence 

Primer and probe 
annealing (~54º) 

3’ 5’ 

5’ 3’ 
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TRFLP 

TRFLP 

Advantages 
•  Quantitative, precise 
•  <$1/ sample 
•  Can potentially be 

used to identify 
sequences with 
extensive database 

Disadvantages 
•  Usually gives 

fingerprint only, no 
identification 
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Calhoun soils - 18S rDNA diversity  

Denaturing Gradient Gel Electrophoresis (DGGE) 
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DGGE 

Advantages 
•  Fairly high 

throughput 
•  Bands can be 

extracted and 
sequenced 

Disadvantages 
•  Usually get smears 
•  Difficult to analyze 

images 
•  Non-quantitative 
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DNA Microarrays 

He et al, 2010, Metagenomic 
analysis reveals a marked 
divergence in the structure of 
belowground microbial communities 
at elevated CO2. Ecology Letters. 
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Clone Library Construction 
Amplify 
Target 
Gene 
with PCR 

Insert PCR 
product into 
plasmid vector 

Culture E. Coli 
With insert 

Randomly Pick 
 Colonies 

PCR amplify  
plasmid insert 

Sequence 

Optional Screening step 

• Good technique for surveying diversity of target 
gene 

• Can be expensive 

Pyrosequencing 
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Sequence Identification/
Bioinformatics 

•  Alignment 

Sequence Identification/
Bioinformatics 

(2003). Science 301, 
1359-1361.!
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Lauber, C. L. et al. 2009. Appl. Environ. Microbiol. 75(15):5111-5120 

FIG. 1. (A) Rarefaction results for soils with low (PE5), average (MT2), and high (CC1) 
levels of diversity 

Lauber, C. L. et al. 2009. Appl. Environ. Microbiol. 75(15):5111-5120 

FIG. 2. Relative abundances of dominant bacterial taxa in all soils combined and in soils 
with different pH levels 
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Lauber, C. L. et al. 2009. Appl. Environ. Microbiol. 75(15):5111-5120 

FIG. 3. Relationship between soil pH and soil bacterial diversity, measuring using Faith's 
PD (A) and the number of phylotypes (B), with phylotypes defined at the 97% sequence 

similarity level 

Lauber, C. L. et al. 2009. Appl. Environ. Microbiol. 75(15):5111-5120 

FIG. 5. Correlations between relative abundances of the five dominant bacterial phyla and 
soil pH 
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Metagenomics 

Wooley, J. C., A. Godzik, 
and I. Friedberg. 2010. A 
Primer on Metagenomics. 
PLoS Computational 
Biology 6. 

Yergeau, E., H. Hogues, L. 
G. Whyte, and C. W. Greer. 
2010. The functional potential 
of high Arctic permafrost 
revealed by metagenomic 
sequencing, qPCR and 
microarray analyses. ISME J. 
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Linking Microbial Community 
Structure to Ecosystem Processes 

Linking Microbial Community 
Structure to Ecosystem Processes 

Stable Isotope Probing 

Can be combined with PLFA 
or DNA techniques 
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RNA-SIP 
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BrdU labeling 
•  Glycine 

–  Mortierella cf. hyalina 
–  Zygomycete sp. GFI 1 

•  Sucrose 
–  Amanita pantherina 

•  Cellulose 
–  Entoloma prunuloides 

•  Lignin 
–  Reniforma strues 
–  Lecythophora sp. 

Olrim22 
–  Lecythophora sp. 

UBCtra1453C 
–  Zygomycete sp. 

Olrim331 
•  Tannin-protein 

–  Zygomycete sp. 
Olrim456 
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Cenococcum 
geophilum 

Other 
fungi 

Hanson, C. A., S. D. Allison, M. A. Bradford, M. D. Wallenstein, and K. K. 
Treseder. 2008. Fungal Taxa Target Different Carbon Sources in Forest Soil. 
Ecosystems 11:1157-1167. 

Metaproteomics 
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Metaproteomics 

Conclusions 

•  It is critical to formulate a focused 
question before choosing the appropriate 
technique. 

• Different techniques provide different 
levels of resolution 

•  Soil microbes do not live in isolation-it is 
a complex food web. 
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Bacterial community composition 

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100% 

Shrub organic Post-thaw 

Shrub organic Pre-Freeze 

Tussock Post-thaw 

Tussock Pre-Freeze 

Acidobacteria 
Alphaproteobacteria 
Betaproteobacteria 
Deltaproteobacteria 
Gammaproteobacteria 
Firmicutes 
Bacteroidetes 
Actinobacteria 
Verrucomicrobia 
Other 

Acidobacteria 

Proteobacteria 

Wallenstein et al 2007 FEMS Micro Ecol  

Winter & Growing Season Active 
Bacterial Communities Are Different 

Late	
  Winter	
   Spring	
   Summer	
   Early	
  Winter	
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Active Communities are Different 
from Total Communities 

Late	
  Winter	
   Spring	
   Summer	
   Early	
  Winter	
  

Three Metabolic Perspectives 

Glucose	
   Vanillin	
  

Proteases	
   Uptake	
  

Glutamate	
  
Protein,	
  etc.	
  

Lipids,	
  etc.	
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  Source	
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Applications of molecular techniques: 

Arctic tundra soil 
microbial ecology 

Soluble C Metabolism 

Glucose	
   Vanillin	
  

Tussock	
  

δ1
3 C
	
  

LW	
   S	
   EW	
  

Shrub	
  

δ1
3 C
	
  

LW	
   S	
   EW	
  

Bacteria:	
  year-­‐round	
  
Fungi:	
  more	
  in	
  winter	
  
Glucose	
  ≈	
  Vanillin	
  

Bacteria:	
  mostly	
  summer	
  
Fungi:	
  more	
  in	
  winter	
  
Hardly	
  used	
  vanillin	
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Glutamate Metabolism Relative to 
N Availability 

Nitrogen	
  Availability	
  

Assimilate	
  into	
  PLFA	
  

Respire	
  

Strongly	
  
Limited	
  

Unlimited	
  

Assimilate	
  
LiNle	
  

Glutamate	
  

Assimilate	
  
Same	
  as	
  
Glucose	
  

Protein Metabolism 

•  Fungi	
  didn’t	
  use	
  protein	
  regardless	
  
of	
  season	
  

•  LiNle	
  to	
  no	
  protein	
  incorporaQon	
  in	
  
winter	
  by	
  most	
  bacteria	
  but	
  
significant	
  summer	
  bacterial	
  use	
  

•  Specialist	
  group	
  of	
  proteolyQc	
  Gram
(+)	
  bacteria	
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B-glucosidase  (Lignocellulose) 

Lignocellulose degrading enzymes peak in late winter. 
Wallenstein, McMahon, and  Schimel.  
2009, Global Change Biology. 
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Month of year (2005) 

Protease 

High protein availability following spring thaw? 
Wallenstein, McMahon, and  Schimel.  
2009, Global Change Biology. 
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Month of year (2005) 
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Environmental Proteomics 

Winter 

Fungi and Gram (-) bacteria 
Degrading Lignocellulose 

Diverse microbial 
community 
Degrading chitin, protein, 
hemi-cellulose 


